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Researchers have recently begun to examine the neural basis of musical improvisation, one of the most
complex forms of creative behavior. The emerging field of improvisation neuroscience has implica-
tions not only for the study of artistic expertise, but also for understanding the neural underpinnings
of domain-general processes such as motor control and language production. This review synthesizes
functional magnetic resonance imagining (fMRI) studies of musical improvisation, including vocal and
instrumental improvisation, with samples of jazz pianists, classical musicians, freestyle rap artists, and
non-musicians. A network of prefrontal brain regions commonly linked to improvisatory behavior is
highlighted, including the pre-supplementary motor area, medial prefrontal cortex, inferior frontal gyrus,
dorsolateral prefrontal cortex, and dorsal premotor cortex. Activation of premotor and lateral prefrontal
regions suggests that a seemingly unconstrained behavior may actually benefit from motor planning
and cognitive control. Yet activation of cortical midline regions points to a role of spontaneous cognition
characteristic of the default network. Together, such results may reflect cooperation between large-scale
brain networks associated with cognitive control and spontaneous thought. The improvisation literature
is integrated with Pressing’s theoretical model, and discussed within the broader context of research on
the brain basis of creative cognition.
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1. Introduction

Improvisation is one of the most complex forms of creative
behavior. The improvising musician faces the unique challenge of
managing several simultaneous processes in real-time—generating
and evaluating melodic and rhythmic sequences, coordinating
performance with other musicians in an ensemble, and execut-
ing elaborate fine-motor movements—all with the overall goal
of creating esthetically appealing music. Other forms of artistic
performance, while similarly demanding, do not require such spon-
taneous creativity. The question of how musicians improvise is
relevant not only to the psychology of music, it also has implica-
tions for the psychology of creativity, as understanding the nature
of creativity at a high level of skilled performance may shed light
ondomain-general processes underlying creative cognition. Impro-
visation research may also inform basic cognitive neuroscience
because it provides a unique look at how acquired expertise shapes
brain structure and function.

An increasing number of studies are employing neuroimaging
methods to explore the brain basis of spontaneous musical compo-
sition, using samples of jazz pianists, classical musicians, freestyle
rap artists, and non-musicians. Much of this research has focused
on understanding the extent to which brain regions associated with
executive control mechanisms underlie improvised behavior. Does
improvisation rely on the musician’s ability to control the creative
process, or rather on his or her ability to “let go” of control and
allow spontaneous processes to unfold? This review examines the
issue of cognitive control in creative thought with the overarching
goal of understanding the cognitive and neural underpinnings of
musical improvisation.

1.1. Pressing’s model of improvisation

Perhaps the most influential model of musical improvisation
was developed by Pressing (1988, 1998). Following in the litera-
ture on expert performance (Ericsson et al., 1993), Pressing’s theory
is grounded in the notion that improvisation is an acquired skill
that requires a substantial amount of training to achieve exper-
tise. A large body of research in a range of domains suggests that
expertise is achieved through deliberate practice, an individually
tailored regimen of intensive training typically undertaken with
the guidance of an expert instructor (Ericsson et al., 1993). Accord-
ing to the deliberate practice view, eminence in a domain is rarely
achieved without thousands of hours of deliberate practice: Eric-
sson and colleagues have repeatedly demonstrated that experts
typically engage in 10,000 h of deliberate practice over the course of
ten years before achieving eminence in their field (i.e., the “10-year
rule”; Simon and Chase, 1973). Recently, however, researchers have
emphasized the role of general cognitive abilities (e.g., working
memory capacity; Meinz and Hambrick, 2010) and genetic predis-
positions (Ericsson, 2013; Tucker and Collins, 2012) in explaining
expert performance, thus providing support for the notion that
practice is “necessary but not sufficient” for high-level performance
(Hambrick et al., 2014; Hambrick and Meinz, 2011).

Domain-specific expertise seems especially relevant to musi-
cal improvisation. In addition to the physical and psychological
constraints common to other domains of skilled performance, jazz
musicians must perform under extraordinary temporal constraints.
Improvising requires the simultaneous execution of several pro-
cesses in real-time, including sensory and perceptual encoding,
motor control, performance monitoring, and memory retrieval,
among others (Pressing, 1988). Deliberate practice automates some
of these processes, freeing attentional resources for other higher-
order processes (e.g., generating and evaluating musical ideas). In
the absence of such improvisational fluency, the improviser will
have difficulty effectively interacting with other members of an

ensemble and exerting control over the development of his or her
performance.

According to Pressing’s model, improvisational expertise
involves the interplay between referent processes and a domain-
specific knowledge base. Referents consist of cognitive, perceptual,
or emotional processes; the knowledge base consists of hierarchi-
cal knowledge structures stored in long-term memory (Pressing,
1988). Pressing described referents as a series of well-rehearsed
retrieval cues that are deployed during performance, minimiz-
ing processing demands and guiding idea generation. Referents
interact with procedural and declarative information stored in
a domain-specific knowledge base. Through deliberate practice,
musicians build a database of generalized motor programs, which
can be fluently accessed and executed during performance.

Another component of Pressing’s model is perceptual feed-
back and error correction. These processes allow the improviser
to minimize the distance between intended and actual perfor-
mance (Pressing, 1988, 1998). Pressing distinguishes between
short-term (ongoing motor movements) and long-term (decision
making and response selection) feedback—both of which are essen-
tial for improvisational fluency. In contrast to “open-loop” theories
of skilled performance, which consist of a simple input, processing,
and output procedure, Pressing advances a “closed loop” model,
which extends open-loop models by including feedback integration
within the system. Ongoing performance is thus monitored by com-
paring actual output with intended output, and future performance
is adjusted accordingly.

Pressing (1988) conceptualized improvisation as a series of gen-
erative and evaluative processes. Although these processes involve
some level of cognitive control and conscious monitoring, Pressing
emphasized the role of automatized motor processes and routi-
nes (e.g., well-rehearsed action sequences). Because of the high
demands on information processing and decision-making, Pressing
argued that improvisational fluency relies on automatized pro-
cesses that require minimal conscious attention. The extent to
which creative thought relies upon such top-down and bottom-
up processes remains a point of debate in the literature on musical
improvisation as well as in the literature on domain-general cre-
ative cognition (cf. Abraham, 2014; Beaty et al., 2014c; Jung et al.,
2013; McMillan et al., 2013; Mok, 2014; Sowden et al., 2014).

1.2. Domain-general creative cognition

The study of musical improvisation provides an opportunity
to investigate creativity at a high level of skilled performance.
Although improvisation research has traditionally been restricted
to the field of musicology, it is also of growing interest to
researchers in the field of creativity science. Several literature
reviews and meta-analyses on the neuroscience of creativity
include studies on musical improvisation (e.g., Dietrich and Kanso,
2010; Gonen-Yaacovi et al., 2013). Moreover, results from behav-
ioral and neurophysiological research suggest that improvisation
taps domain-general processes such as divergent thinking (Beaty
etal.,2013)and cognitive flexibility (de Manzano and Ullén, 2012b).

The cognitive and neural basis of creative thought has been
a topic of increasing empirical interest. Much of this work has
employed divergent thinking tasks, the most common of which
is the alternate uses task. Such tasks require the generation of
novel uses for everyday objects (e.g., a brick), and they are typically
scored in terms of fluency (the number of ideas) and originality
(the creative quality of ideas). A growing body of evidence suggests
that individual differences in divergent thinking reflect a domain-
general creative ability: performance on divergent thinking tasks
has been shown to predict both past and future creative achieve-
ments (Jauk et al., 2014; Plucker, 1999; Torrance, 1988). Moreover,
a recent study found that divergent thinking ability in jazz
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Table 1
Summary of methods used to study improvisation with fMRI.
Study Year # of Type of musician Contrast Response type
subjects
Bengtsson et al. 2007 11 Classically-trained pianists Improvise > Memory retrieval MRI-compatible keyboard (12 keys)
(graduate)
Berkowitz and Ansari 2008 13 Classically-trained pianists Improvise melody > Improvise Conventional MRI response box (5
(undergraduate) rhythm buttons)
Berkowitz and Ansari 2010 26 Classically-trained pianists & Between-subjects design Conventional MRI response box (5
non-musicians (undergraduate) buttons)
de Manzano and Ullén  2012a 17 Classically-trained pianists Improvise melody > Improvise MRI-compatible keyboard (12 keys)
(undergraduate) rhythm
de Manzano and Ullén  2012b 18 Classically-trained pianists Improvise > Random motor MRI-compatible keyboard (12 keys)
(undergraduate) generation
Donnay et al. 2014 11 Jazz musicians (professional) Improvise > Memory retrieval MRI-compatible keyboard (35 keys)
Limb and Braun 2008 6 Jazz musicians (professional) Improvise > Memory retrieval MRI-compatible keyboard (35 keys)
Liu et al. 2012 12 Freestyle rap musicians Improvise > Memory retrieval Optical microphone
(professional)
Pinho et al. 2014 39 Pianists with various levels of Improvise > Rest MRI-compatible keyboard (12 keys)

improvisational expertise

students predicted expert ratings of improvisational performance,
controlling for cumulative lifetime practice hours (Beaty et al.,
2013).

Researchers have long conceptualized creative cognition as an
associative process that passively unfolds in long-term memory
(Mednick, 1962). In general, such work suggests that creative ideas
largely result from the spreading activation of concepts in seman-
tic networks, and that individual differences in creative ability
result from variation in the structural organization of semantic
memory. More recently, researchers have explored the cognitive
processes involved in divergent thinking, the ability to generate
several novel solutions to open-ended problems. Behavioral (Barr
et al., 2014; Beaty and Silvia, 2012, 2013; Benedek et al., 2014c;
Lee and Therriault, 2013; Nusbaum and Silvia, 2011; Nusbaum
et al.,, 2014; Silvia et al., 2013) and neurophysiological (Beaty
et al., 2014a,b; Benedek et al., 2014; Fink and Benedek, 2014; Fink
et al., 2009; Gonen-Yaacovi et al., 2013) research suggests that
higher-order cognitive processes underlie creative cognition, such
as controlled memory retrieval, pre-potent response inhibition,
fluid intelligence, and working memory capacity. Such processes
are hypothesized to support creative thought by providing the
executive control needed to manage complex search processes and
inhibit salient conceptual information that can interfere with idea
generation (Beaty and Silvia, 2012).

.Bengtsson etal.(2007)

. Berkowitz and Ansari (2008)
. Donnay et al. (2014)

@ Limb and Braun (2008)
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.Manzano and Ullén (2012a)
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Recent behavioral and neuroimaging research suggests that
musical improvisation may also recruit domain-general processes
(Beaty etal., 2013; de Manzano and Ullén, 2012b). Although impro-
visational expertise, like any other acquired skill, is undoubtedly
a function of domain-specific training, there is evidence to sug-
gest that divergent thinking and domain-general mental flexibility
play an important role. A growing literature provides support for
the notion that creative cognition recruits brain regions linked
with executive processes (e.g., strategic memory retrieval and pre-
potent response inhibition). Nevertheless, the role of executive
processes in creative thought remains a point of contention in
both the general creativity literature and the literature on musical
improvisation.

1.3. Organization of the review

The following review synthesizes neuroimaging research on
musical improvisation. Table 1 summarizes the studies included in
the review; Figs. 1 and 2 depict activation foci resulting from posi-
tive task contrasts in select f/MRI studies of improvisation. Pressing’s
(1988) theoretical model of improvisation is used as a guiding
framework for interpreting the brain imaging literature. The litera-
ture is also framed within the ongoing debate on whether creativity
arises from controlled cognitive processes. Special attention is

- Primary Motor Cortex (BA 4)
- Premotor Cortex (BA 6)

- Posterior Parietal Cortex (BA 7)
B Frontal Eye Fields (BA 8)

- Anterior Prefrontal Cortex (BA 10)
_l Extrastriate Cortex (BA 19)

- Superior Temporal Lobe (BA 22)
- Inferior Parietal Lobe (BA 40)
- IFG Pars Opercularis (BA 44)
- IFG Pars Triangularis (BA 45)
- Dorsolateral Prefrontal Cortex (BA 46)
[} 76 Pars orbitalis (BA 47)

Fig. 1. Visualization of activation foci reported in select studies of improvisation. Note: Activation foci and Brodmann area borders were overlaid on an inflated brain using
the Connectome Workbench. Highlighted regions indicate areas with activation reported in at least two of the seven studies included in the figure. For clarity, only positive
activation foci are displayed. Studies that report only deactivations (Berkowitz and Ansari, 2010) and only functional connectivity results (Pinho et al.,, 2014) were not

included.
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Fig. 2. Visualization of cerebellar activation foci reported in select studies of impro-
visation. Note: Activation foci are overlaid on an inflated cerebellum using the
Connectome Workbench. A posterior view of the cerebellum is depicted.

given to neuroimaging research on domain-general creativity, in
light of recent evidence pointing to an overlap between general
creativity and musical improvisation. The review has three broad
goals: (1) to synthesize the improvisation neuroscience literature,
(2) to provide a conceptual framework for interpreting brain imag-
ing results on improvisation, and (3) to integrate these findings
with the literature on domain-general creative thought.

A variety of experimental approaches and participant sam-
ples have been employed to study improvisation (see Table 1).
Several notable differences in task design are apparent in the liter-
ature: while some studies contrasted improvisation with memory
retrieval (Bengtsson et al., 2007; Limb and Braun, 2008), others
contrasted specific modes of improvisation, such as melodic and
rhythmic (Berkowitz and Ansari, 2008, 2010; de Manzano and
Ullén, 2012a). Moreover, some researchers have been interested
in analyzing the effects of musical expertise (e.g., Berkowitz and
Ansari, 2008; Pinho et al., 2014) and collaboration (Donnay et al.,
2014) on brain activity during improvisation. Such methodologi-
cal differences are important to consider when comparing results
across studies.

The review is organized by the main experimental paradigms
used to study improvisation. I begin by summarizing the methods
and results of studies within each paradigm (e.g., improvisation vs.
memory retrieval), noting similarities and differences within and
between task paradigms. I then draw some parallels between the
improvisation literature and neuroimaging research on domain-
general cognitive and creative abilities. In the Discussion, | highlight
some emerging trends and conflicting results in improvisation
research, focusing on methodological variability as a possible
explanation for discrepant findings. Finally, I conclude with some
potential directions for future research.

2. Experimental methods and results
2.1. Improvisation and memory retrieval

A common approach in the improvisation literature is to con-
trast improvisation with memory retrieval. Such designs allow
researchers to identify brain regions involved in the spontaneous
composition of novel melodic sequences, while controlling for the
influence of simply recalling previously performed sequences from
memory. Limb and Braun (2008) conducted one of the earliest
studies that used this approach. Professional jazz musicians were
asked to memorize a novel melody before the study. The exper-
imental paradigm involved performing musical sequences on an
MRI-compatible keyboard while a pre-recorded jazz rhythm sec-
tion played through headphones in the scanner. Participants were
cued to perform the memorized melody, freely improvise over the
pre-recorded rhythm, play a one-octave scale, or improvise. Com-
pared to memory retrieval, improvisation was related to activation
of a distributed network of brain regions, including the left inferior
frontal gyrus (IFG), anterior cingulate cortex (ACC), and the medial
prefrontal cortex (MPFC), among several others. Interestingly, the
authors reported widespread deactivation of regions within the

frontal lobes, including the lateral orbitofrontal cortex (LOFC) and
the dorsolateral prefrontal cortex (DLPFC). DLPFC deactivation was
interpreted as reflecting a suspension of inhibitory or conscious
monitoring processes, while MPFC activity was thought to reflect
self-generated, stimulus independent cognitive processes.

A similar experimental approach was employed by Bengtsson
et al. (2007). However, this study differed from Limb and Braun
(2008) in terms of the memory retrieval condition employed:
instead of requiring participants to recall a single, overlearned
melodic sequence, Bengtsson et al. asked participants to retrieve
self-generated melodies that were previously improvised in the
scanner. In addition, improvisation was constrained to modi-
fying simple, eight-bar melodic sequences presented, whereas
other studies permitted largely unconstrained improvisation (e.g.,
Donnay et al., 2014; Limb and Braun, 2008; Liu et al., 2012).
Bengtsson and colleagues reported improvisation-related activity
in several prefrontal regions, including the DLPFC, right pre-SMA,
and bilateral dorsal premotor cortex (PMD). The authors sug-
gest that such activity reflects increased demands on selective
retrieval and inhibitory mechanisms, as improvisation involves
selecting responses among a set of competing alternatives; pre-
frontal regions may also be involved in maintaining higher-order
generative strategies (cf. Pressing, 1998). Thus, in contrast to Limb
and Braun (2008), Bengtsson et al. suggest that improvisation
places greater demands on cognitive and motor control systems.

Researchers have also been interested in exploring the neu-
ral correlates of vocal improvisation (e.g., Brown et al., 2006; Liu
et al., 2012). Liu and colleagues recruited professional freestyle
rap artists to vocally improvise during functional imaging. The
authors used a memory retrieval task as a baseline to contrast with
improvisation. Similar to the experimental designs of Limb and
Braun (2008), participants recited the lyrics from a prerecorded
audio sample composed by the authors, or they spontaneously
improvised lyrics, using the same instrumental recording. Results
showed improvisation-related activation of the pre-SMA, the dor-
sal premotor cortex (PMD), and the left IFG, among several other
regions. Notably, the authors also reported decreased activation of
the DLPFC and increased activation of the MPFC. This pattern mir-
rors the results of Limb and Braun’s (2008) study of instrumental
improvisation that suggested less involvement of executive control
mechanisms, although several prefrontal regions associated with
executive control showed increased activity during improvisation
(i.e., pre-SMA, PMD, and IFG).

Such seemingly discrepant findings have led to different inter-
pretations on the role of cognitive control in improvisation. Limb
and Braun (2008) interpreted DLPFC deactivation as reflecting a
suspension of inhibitory or conscious monitoring processes. More-
over, activation of the MPFC was thought to reflect self-generated,
stimulus independent cognitive processes—hallmark features of
the default mode network (Andrews-Hanna et al., 2014). This net-
work shows a correlated pattern of functional connectivity in the
absence of external task demands, thus researchers hypothesize
that its activation reflects internally-directed attention (Buckner
and Carroll, 2007). Default mode activity has also been associated
with mind-wandering (Andrews-Hanna, 2012; O’Callaghan et al.,
2015), theory of mind reasoning (Buckner and Carroll, 2007), and
mental simulation (e.g., episodic future thinking; Schacter et al.,
2012). According to Limb and Braun (2008), activation of default
mode regions during improvisation indicates internally-driven,
self-referential mechanisms, which may allow the improviser to
suspend conscious monitoring and enter a “flow-like” state.

This pattern of results was largely similar to Liu and colleagues’
study of lyrical improvisation. Both studies reported increased
activity of the MPFC and decreased activity of the DLPFC. Such
findings supported the authors’ contention that spontaneous com-
position involves the suppression of executive control systems and
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activation of default mode regions. But the results of both studies
also point to a degree of cognitive control during improvisation, as
bothLiuetal.(2012)and Limb and Braun (2008 ) reported activation
of the ACC, SMA, PMD, and IFG—regions associated with cognitive
and motor control.

2.2. Melodic and rhythmic improvisation

Pressing (1988) conceptualized improvisation as a dynamic
interplay between several processes, including the generation,
evaluation, and execution of novel motor sequences. Investigating
such a multi-component processes poses challenges for researchers
attempting to isolate its neural correlates. The experiments
described above contrasted relatively unconstrained improvisation
with some form of basic memory retrieval (e.g., Limb and Braun,
2008; Liu et al., 2012). Although these approaches tend to preserve
the complexity and ecological validity of improvisation compared
to others, they also typically yield a large number of significant
activation peaks, raising questions about the role of specific sub-
processes (Berkowitz, 2010). A more nuanced approach has been
to examine different modes of improvisation, such as melodic and
rhythmic improvisation.

Berkowitz and Ansari (2008) employed experimental condi-
tions that varied in terms of melodic and rhythmic constraints.
The authors used tasks that allowed for more or less spontaneous
behavior within each mode of improvisation. In a fixed rhythm
and free melody condition, for example, rhythm was constrained
by a metronome and the notes were freely chosen by the par-
ticipants; this permitted an analysis of brain activity related to
melodic improvisation, controlling for the influence of rhythmic
variability. Results showed that improvising novel melodic pat-
terns was related to activation of bilateral dorsal PMD, the ACC,
and the right supramarginal gyrus (SMG); melodic improvisation
was also related to the deactivation of several brain regions, includ-
ing the right angular gyrus, the right superior frontal gyrus, and
bilateral posterior cingulate. In contrast, rhythmic improvisation
was related to increased activity in the ACC, the left IFG, bilateral
PMD, and the left superior and inferior parietal lobules (IPL). A con-
junction analysis, which analyzed the common activity of melodic
and rhythmic improvisation, found significant activation in the left
inferior frontal gyrus (IFG), PMD, and rostral ACC. Berkowitz and
Ansari (2008) thus revealed common and distinct neural correlates
of melodic and rhythmic improvisation, providing greater insight
into general and specific aspects of spontaneous composition.

Several prefrontal and parietal brain regions have often been
associated with improvised performance. Two of the most fre-
quently implicated regions are the pre-SMA and the PMD, regions
involved in the coordinated selection of novel motor sequences
(Beudel and de Jong, 2009). These regions were among the most
commonly activated in studies contrasting improvisation with
memory retrieval (e.g., Bengtsson et al., 2007; Liu et al., 2012).
Although these regions appear to be responsible for similar pro-
cesses, past research suggests subtle differences in their functional
roles in motor behavior, which has important implications for
understanding their contribution to musical improvisation. On the
one hand, the pre-SMA is commonly implicated in the generation,
perception, and learning of temporal-motor sequences (Bengtsson
etal., 2004, 2009; Karabanov etal.,2009; Schubotz and von Cramon,
2001). On the other hand, the PMD is commonly implicated in tasks
involving the generation, perception, and learning of spatial-motor
sequences (Bischoff-Grethe et al., 2004; Bengtsson et al., 2004).

In light of the differential functions of the pre-SMA and the
PMD, de Manzano and Ullén (2012a) sought to determine their
unique contributions to musical improvisation by manipulating
spatial and temporal aspects of spontaneous composition. Sim-
ilar to Berkowitz and Ansari (2008), this experiment involved

constraining either melodic or rhythmic improvisation. Results
showed that melodic improvisation was associated with increased
activity in both the left PMD and the left pre-SMA; rhythmic impro-
visation was also associated with increased activity in the left
pre-SMA. The role of the pre-SMA in improvisation was further sup-
ported by de Manzano and Ullén (2012b), who explored whether
musical improvisation taps similar neural substrates as pseudo-
random response generation (PRG)—a domain-general measure of
cognitive flexibility that requires top-down control to generate
novel motor sequences (Beudel and de Jong, 2009). de Manzano
and Ullén (2012b) asked participants to spontaneously compose
melodies or press the keys of an MRI-compatible keyboard in a
random fashion. A conjunction analysis revealed increased acti-
vation in bilateral IFG, bilateral pre-SMA, left DLPFC, right ACC,
bilateral insula, and bilateral cerebellar regions. Interestingly, an
analysis exploring the brain activity unique to improvising notes
compared to pseudo-random generation did not reveal any signif-
icant differences, suggesting widespread overlap between the two
conditions. The reverse contrast, however, revealed several areas
related to random generation, including the right temporoparietal
junction (TP]), medial and lateral premotor areas, the DLPFC, and
the cerebellum.

The results of de Manzano and Ullén (2012a) and Berkowitz
and Ansari (2008) suggest that the premotor cortex plays a cen-
tral role in melodic and rhythmic improvisation. Across both
studies, the dorsal PMD showed robust activity during condi-
tions requiring spontaneous generation of rhythmic sequences.
de Manzano and Ullén (2012b) conclude that melodic improvisa-
tion and pseudo-random motor movements recruit some of the
same neural mechanisms. Similar to other studies of melodic and
rhythmic improvisation, the pre-SMA was found to play a criti-
cal role. This notion was further reinforced by activation of other
regions involved in executive processes, such as the left DLPFC,
right ACC, and bilateral IFG. Activation of prefrontal regions were
also reported in studies contrasting improvisation and memory
retrieval (e.g., Bengtsson et al., 2007; Donnay et al., 2014).

Berkowitz and Ansari (2008) provide support for several of
Pressing’s (1988, 1998) theoretical predictions. Pressing concep-
tualized improvisation as the generation, selection, and execution
of novel melodic and motor sequences, processes that appear to
correspond to the functional roles of brain regions reported in
Berkowitz and Ansari (2008). Specifically, the left IFG is associ-
ated with performance on tasks that require controlled retrieval
from long-term memory (e.g., verbal fluency; Badre et al., 2005;
Hirshorn and Thompson-Schill, 2006). Moreover, Berkowitz and
Ansari (2008) reported activation of the ACC during both melodic
and rhythmic improvisation. The ACC is associated with conflict
monitoring (Botvinick et al., 2004), voluntary selection (Forstmann
etal., 2006), and decision making (Walton et al., 2004)—all of which
are components of Pressing’s (1988) model of improvisation.

2.3. The role of musical expertise

To what extent does improvisational expertise influence the
neural correlates of spontaneous performance? Pressing (1988)
argued that expertise was critical to improvisational fluency.
Because improvisation places substantial demands on information
processing, Pressing viewed expertise as a means to automate
low-level sensorimotor and cognitive processes so that attention
could be allocated to higher-order performance goals. Berkowitz
and Ansari (2010) provided seminal evidence that musical exper-
tise affects brain mechanisms involved during improvisation.
The authors used the same experimental paradigm as Berkowitz
and Ansari (2008) to analyze the effects of musical expertise in
improvisation. However, the key difference was the sample,
which now included a second control group of undergraduate
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non-musicians. Analysis of the main effect of melodic impro-
visation revealed that the only significant difference between
musicians and non-musicians was a deactivation of the right tem-
poroparietal junction (TP]) in musicians. The ability of musicians
to deactivate the right TP] during improvisation may thus reflect
neurophysiological changes associated with acquired expertise.

Other researchers have sought to determine the role of
improvisational expertise by studying pianists with a variety of
improvisational experience (Pinho et al., 2014). Pinho and col-
leagues contrasted brain activation during improvisation with
activation at rest, and correlated this activity with self-reported
lifetime improvisation hours. Interestingly, improvisational exper-
tise was negatively correlated with activation in a right-lateralized
network of brain regions, including the DLPFC, IFG, anterior insula,
and angular gyrus. The authors also specified six seed regions
of interests (ROIs) based on activations reported in past work
(de Manzano and Ullén, 2012a,b): bilateral DLPFC, bilateral dor-
sal premotor area, and bilateral pre-SMA. A functional connectivity
analysis revealed extensive expertise-related positive connectiv-
ity between the prefrontal seed ROIs and other regions of the
brain. Most notably, experts showed greater functional connectiv-
ity between the DFLPC and premotor cortex during improvisation
(i.e., bilateral PMD and pre-SMA). Premotor seed regions also
showed widespread connectivity across the cortex and within
regions of the cerebellum.

Pinho and colleagues interpret their findings as evidence in
support for Pressing’s (1988) model of improvisation. They argue
that the relative deactivation of executive control networks in
experts may correspond to an overall automation of domain-
specific cognitive processes, and increased functional connectivity
between frontal regions may translate to more efficient access
to pre-learned motor patterns and generative strategies stored
in long-term memory. Overall, these findings are consistent with
Pressing’s (1988) position regarding the function of acquired exper-
tise in improvisation—as expertise increases, processing demands
should be minimized, allowing attention to be allocated to higher-
order goals and performance monitoring.

Berkowitz and Ansari (2010) found that musical expertise was
related to a deactivation of the right TP]. The right TP] lies in close
proximity to the right angular gyrus, a region also found to be deac-
tivated during improvisation in Berkowitz and Ansari (2008). The
right TPJ] is part of the ventral attention network (Corbetta and
Shulman, 2002), which is comprised of the right TP] and ventral
frontal cortex. Suppression of this network is thought to reflect
top-down control during tasks requiring focused internal attention
(Corbetta et al., 2008; Corbetta and Shulman, 2002). Modulation
of the ventral attention network may provide “task shielding” by
filtering or inhibiting information unrelated to the task at hand
(Dreisbach and Haider, 2009); deactivation of nodes within the
ventral attention network may therefore correspond to internally-
directed attention during creative idea production (cf. Benedek
et al., 2014). Deactivation of the right TP] has also been reported
in studies of divergent thinking (e.g., Benedek et al., 2014b; Fink
etal., 2009), creative writing (Howard-Jones et al., 2005), and prod-
uct design (Kowatari et al., 2009). Thus, in the context of Berkowitz
and Ansari (2010), deactivation of the right TP] may reflect a greater
ability of musicians to focus attention on internal processes dur-
ing improvisation (e.g., generation and evaluation of novel musical
sequences; Pressing, 1988).

2.4. Collaborative improvisation

Improvisation often occurs in group settings with multiple
artists contributing to a common esthetic work. Collaborative
improvisation is notably different from solo improvisation in
terms of performance monitoring and perceptual feedback.

An individual’s performance must be integrated with multiple
streams of sensory information (Pressing, 1988). The impro-
viser must therefore allocate considerable attentional resources to
both internal (e.g., generative) and external (e.g., communicative)
sources. Recently, Donnay and colleagues explored the neural cor-
relates of collaborative improvisation in a sample of professional
jazz pianists (Donnay et al., 2014). The experimental procedure
involved “trading fours” with an experimenter (also a jazz musi-
cian) in a nearby control room; participants and the experimenter
took turns performing four-bar musical segments—a common
mode of improvisation in jazz ensembles. Participants used an
MRI-compatible piano keyboard and were given headphones
to listen to their own and the experimenters’ musical perfor-
mance. A pre-recorded rhythm section also streamed through the
headphones. Participants alternated between the experimental
conditions of interest: playing a scale, performing a memorized
melody sequence, or improvising; rhythm was constrained to one
note per beat.

Compared to performing the memorized melody, improvising
was related to increased activation of the pre-SMA, bilateral IFG,
bilateral DLPFC, and the posterior superior temporal gyrus (STG);
improvising was also related to deactivation of bilateral angular
gyrus. The authors also conducted a functional connectivity anal-
ysis to determine whether bilateral IFG showed greater functional
connectivity with other regions during improvisation. This analy-
sis revealed significantly greater positive connectivity between the
left and right IFG. Bilateral IFG activity was also negatively corre-
lated with activity in the STG, and the left IFG was anticorrelated
with bilateral angular gyrus during the improvisation condition.

The results of Donnay et al. (2014) provide an interesting con-
trast to the earlier work of Limb and Braun (2008). In Limb and
Braun (2008), musicians showed deactivation of the DLPFC, suggest-
ing less attention control during improvisation. Moreover, regions
of the default mode network were found to be more relevant to
improvisation in Limb and Braun (2008). Donnay et al. (2014), in
contrast, reported increased activation of the DLPFC during collab-
orative improvisation. The authors note, however, that the nature
of collaborative improvisation appears to be different from solo
improvisation, which was of interest in Limb and Braun (2008).
They suggest that collaborative improvisation involves a distinct
type of musical communication that requires greater demands on
performance monitoring.

3. Discussion
3.1. Improvisation and domain-general processes

Neuroimaging studies have shed light on the role of domain-
specific training on brain activation during improvisation (e.g.,
Berkowitz and Ansari, 2010; Pinho et al.,, 2014). But to what
extent does improvisation involve domain-general processes? de
Manzano and Ullén (2012b) found that generating pseudo-random
motor sequences activated the same brain regions as improvis-
ing new melodic sequences. This suggests that generating musical
ideas may share similar underlying processes as those involved
in general cognitive flexibility. The literature on general creativity
provides further evidence for a relationship between improvisa-
tion and domain-general creative cognition. Neuroimaging studies
of divergent thinking, for example, consistently report activation of
the left IFG during tasks involving idea generation (for areview, see
Gonen-Yaacovi et al., 2013). Several studies implicate this region
in processes involving the generation and evaluation of candidate
ideas retrieved from long-term memory (Badre et al., 2005). Impro-
visation and divergent thinking may thus recruit selective retrieval
mechanisms common to the left IFG, providing further support for
the theoretical predictions of Pressing (1988, 1998).
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The left IFG has been implicated in nearly all of the studies
described above (e.g., Berkowitz and Ansari, 2008; Donnay et al.,
2014; de Manzano and Ullén, 2012b). In de Manzano and Ullén
(2012b), for example, a conjunction analysis found that both impro-
visation and pseudo-random key pressing activated the left IFG,
as well as the left pre-SMA, the left DLPFC, bilateral insular cor-
tex, and bilateral cerebellum. A similar pattern was also reported
by Berkowitz and Ansari (2008), who found overlapping activation
in the left IFG during conditions requiring rhythmic and melodic
improvisation. A large body of research points to an important role
of the left IFG in controlled memory retrieval (Corbetta et al., 2008;
Corbetta and Shulman, 2002). Much of this work has used ver-
bal fluency tasks to assess the neural correlates of retrieval from
long-term memory. Verbal fluency tasks are often used to assess
deficits in executive functioning (Troyer et al., 1998). Such tasks
are thought to require attention control and strategic access to
memory (Unsworth and Engle, 2007). The left IFG seems to be espe-
cially involved when demands on retrieval increase, such as when
competing representations in semantic memory are high and when
switching between semantic categories is required (Hirshorn and
Thompson-Schill, 2006). Researchers hypothesize that activation
of the left IFG during improvisation reflects similar retrieval mech-
anisms (e.g., Berkowitz, 2010). Generating melodic sequences, for
example, requires the dynamic interaction between higher-order
generative processes and a domain-specific knowledge (Pressing,
1998). In this context, the left IFG may support the generation,
evaluation, and selection of to-be-performed musical sequences.

The left IFG is often implicated in fMRI studies of divergent
thinking. Divergent thinking is a domain-general creative thought
process that involves generating ideas in response to open-ended
prompts (e.g., inventing alternate uses for common objects). A
recent review of 34 fMRI studies of divergent thinking found that
the left IFG was among the most strongly activated during tasks
involving creative idea generation (Gonen-Yaacovi et al., 2013). In
addition, a recent resting-state fMRI study showed greater func-
tional connectivity between the left IFG and default mode regions in
individuals of high divergent thinking ability (Beaty et al., 2014a,b).
The left IFG therefore appears to be important for a range of cogni-
tive processes requiring controlled search from long-term memory,
including musical improvisation and divergent thinking.

Further evidence for a role of the inferior prefrontal cortex
comes from arecent study on creative drawing (Ellamil et al., 2012).
This work examined the neural mechanisms underlying generative
and evaluative processes related to drawing ability in a sample of
undergraduate art students. Overall, compared to evaluation, gen-
eration was associated with increased activation of the left IFG,
bilateral premotor cortex, inferior and superior parietal lobes, and
bilateral medial temporal lobes; compared to generation, evalua-
tion was associated with greater activity in several regions within
executive control and default mode networks. A functional connec-
tivity analysis further revealed greater functional coupling between
executive and default networks during evaluation, pointing to a
greater cooperation between controlled and spontaneous thought
processes (cf. Beaty et al.,, 2014a,b; McMillan et al., 2013; Mok,
2014).

A recent behavioral study suggests that musical improvisation
may tap individual differences in domain-general creative cog-
nition (Beaty et al.,, 2013). In this study, semi-professional jazz
musicians were asked to improvise with a trio; they also completed
a questionnaire regarding their instrumental practice regimen, as
well as an alternate-uses divergent thinking task to assess general
creative thinking ability. The improvisations were recorded and
scored for creative quality by a team of expert raters. As expected,
the number of practice hours was the strongest predictor of
improvisation scores. But divergent thinking also predicted impro-
visation scores, even after controlling for practice hours. The results

of this study and other recent work (e.g., Benedek et al., 2014a;
Lewis and Lovatt, 2013) point to a potential overlap between the
ability to generate creative ideas in general and the ability of jazz
musicians to generate novel musical sequences.

Pressing (1988) conceptualized improvisation as the interaction
between higher-order referent processes and long-term memory.
The neuroimaging literature on improvisation consistently impli-
cates brain regions associated with cognitive control (e.g., the left
IFG and the DLPFC); the literature also points to an overlap between
domain-specific musical improvisation and domain-general cogni-
tive processes (e.g., de Manzano and Ullén, 2012b). Taken together,
a growing body of research supports Pressing’s (1988, 1998) model
of improvisation and further suggests that improvisation may rely
on general creative processes.

3.2. The cognitive control of creative behavior

One point of contention in the literature is whether improvisa-
tion is under the deliberate control of the improviser. On the one
hand, several studies implicate brain regions associated with work-
ing memory capacity (DLPFC), controlled memory retrieval (left
IFG), and volitional motor control (PMD; Bengtsson et al., 2007; de
Manzano and Ullén, 2012a; Donnay et al., 2014). On the other hand,
there is evidence to suggest that such processes are less involved
during improvisation (Limb and Braun, 2008), and that improvisa-
tional expertise corresponds to decreased activity within executive
control regions (Pinho et al., 2014). Limb and Braun (2008), for
example, reported widespread deactivation of lateral prefrontal
cortex (i.e., the DLPFC) and increased activation of the MPFC, a
region associated with spontaneous thought processes (e.g., mind
wandering; Andrews-Hanna, 2012).

What might account for such discrepant findings? One key
methodological difference between Limb and Braun (2008) and
others is the sample composition: Limb and Braun (2008) included
professional jazz musicians, while most other studies included
either classically-trained musicians or non-musicians. Studies with
classically-trained musicians that report increased activity within
executive control regions could simply be a function of increased
task demands, since these musicians are presumably less familiar
with improvisation. The results of Pinho et al. (2014) suggest that
expert improvisers indeed show less activation of lateral prefrontal
cortex while improvising compared to novices. However, experts
also showed increased functional connectivity between premo-
tor and executive control regions, which suggests that although
experts show less activation within lateral prefrontal cortex, they
also show greater connectivity between such regions during impro-
visation. Pinho and colleagues posit that this pattern may reflect a
greater automaticity of cognitive processes in experts (cf. Pressing,
1998).

Another possibility is that decreased activation of prefrontal
regions reflects greater neural efficiency in experts (cf. Grabner
et al,, 2006; Neubauer and Fink, 2009). Because improvisation
requires the simultaneous execution of several cognitive processes
(Pressing, 1988), the expert improviser, unlike the novice, may be
better able to manage these demanding processes, thus reflected
in lower levels of metabolic activity in lateral prefrontal cortex.
Greater functional connectivity between premotor and executive
control regions further supports a neural efficiency hypothesis
of improvisational expertise—through practice, musicians may
gradually strengthen neural connections, facilitating a more effi-
cient transfer of information between nodes within a larger neural
network.

Several other methodological differences may also help to
explain disparate patterns of results across the literature. Berkowitz
(2010) notes that Limb and Braun (2008) used an experimental
design that was less constrained than other studies with classical
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musicians (e.g., Berkowitz and Ansari, 2008, 2010). According
to Berkowitz (2010), Limb and Braun “allowed their subject-
performers to draw on an actual composition for material, with
all of its associations—harmonic, melodic, rhythmic, structural,
emotions, etc.—in contrast to the much more limited possibilities
in our study. Thus, in addition to the active regions shared by our
study and theirs, Limb and Braun saw changes in activity in over
forty regions” (pp. 142-143). Berkowitz (2010) further argues that
while the methodological approach of Limb and Braun (2008) may
be more similar to real-world improvisation, it may not provide
the type of experimental control required to isolate unique neural
mechanisms involved in specific improvisational processes (e.g.,
improvising melodies versus improvising rhythms).

de Manzano and Ullén (2012a) also point to differences in
experimental contrasts chosen across studies. Indeed, determining
an appropriate baseline condition for contrasting an experimen-
tal condition of interest is a fundamental issue in fMRI research
(Gusnard and Raichle, 2001). de Manzano and Ullén (2012a) note
that several studies that used similar task paradigms, experimen-
tal contrasts, and samples reported similar patterns of functional
activity, including the DLPFC, pre-SMA, and PMD (Bengtsson et al.,
2007; Berkowitz and Ansari, 2008; de Manzano and Ullén, 2012a;
Donnay et al.,2014). Moreover, unlike Limb and Braun (2008), these
studies did not report activation within default mode regions (i.e.,
MPFC), nor did they report widespread deactivation of the DLPFC.

Interestingly, Donnay and colleagues did not replicate the
results of Limb and Braun (2008). In contrast, they found increased
activation of the DLPFC and no significant activation increases
in the MPFC. The authors pointed to differences in experimental
design between their study and Limb and Braun (2008)—most
notably, the addition of a second musician who collaborated with
subjects—resulting in greater demands on externally-directed
processes associated with executive control (e.g., performance
monitoring). On the other hand, musicians in Limb and Braun
(2008) did not have such demands on external attention and could
thus focus attention on internally-directed processes (e.g.,idea gen-
eration), possibly reflecting greater involvement of default network
regions. Future research could further explore the extent to which
the default and executive networks contribute to improvisation
by directly contrasting collaborative and individual improvisation.

Although default and executive activity may correspond to
greater demands on internally- vs. externally-directed attention,
the concurrent activation of both networks’ hubs reported in past
work suggests that these two networks may not show an antago-
nistic or “anticorrelated” pattern of activity during improvisation.
Instead, such networks may exhibit differential involvement as
a function of task demands (cf. Chrysikou et al., 2014). A grow-
ing literature points to several cognitive processes associated
with large-scale network cooperation, including mind-wandering
(Christoff et al., 2009), future planning (Gerlach et al., 2014; Spreng
et al, 2010), and even cognitive control (Cocchi et al., 2013;
Spreng et al., 2014). Default and executive network interaction
during improvisation would also be consistent with recent func-
tional connectivity analyses showing cooperation between these
networks during other creative thinking tasks, such as divergent
thinking (e.g., Beaty et al., 2014a) and artistic drawing (Ellamil
et al., 2012. Such tasks are hypothesized to invoke a state of
focused internal attention (Andrews-Hanna et al., 2014; Benedek
et al., 2014d), an ability that seems especially relevant to musical
improvisation.

4. Future directions

In addition to the cognitive processes covered in this review,
several non-cognitive, social factors are thought to influence

improvisation (e.g., group interaction and audience feedback;
Sawyer, 1992,2003). McPherson and Limb (2013) raise the question
of whether real-world creative performance can even be studied
empirically without fundamentally changing the essence of the art.
Although constraining musical performance comes at the cost of
ecological validity, neuroimaging methods offer powerful tools for
isolating specific sub-processes of improvisational cognition while
controlling for other related processes. Future researchers should
continue to strike a balance between ecological validity and exper-
imental control (cf. Hasson and Honey, 2012).

Throughout this review, Pressing’s (1998) model was used as
a framework for interpreting the results of neuroimaging studies
on improvisation. Importantly, although the model seems to fit
with the literature, the extent to which activation patterns reflect
theoretical mechanisms remains unclear. Indeed, one’s ability to
retrospectively associate brain activity with theory relies on some
degree of reverse inference (Poldrack, 2006). Future work should
test specific hypotheses related to Pressing’s (1988) model and rely
less on reverse inferences. To further validate results, researchers
could collect behavioral data (e.g., response times) in addition to
brain imaging data, which could be used to correlate with acti-
vation within a specific region of interest (Poldrack, 2006). Such
approaches have already been employed in past work. For example,
Bengtsson et al. (2007) assessed the numerical deviation of impro-
vised melodies from predetermined templates and found that as
improvised melodies deviated more from the templates, activation
within the pre-SMA increased. Future research should use simi-
lar approaches to determine the cognitive processes underlying
musical improvisation.

Improvisation research should continue to employ both behav-
ioral and neurophysiological techniques to study spontaneous
creativity. Several innovative methods have already been devel-
oped to study improvisation behaviorally (e.g., Goldman, 2013;
Norgaard, 2011, 2014; Norgaard et al., 2013). Improvisation
researchers would also benefit from embracing new and emerging
methods in cognitive neuroscience. Like other forms of com-
plex cognition, improvisation involves dynamic communication
between regions across the entire cortex. Functional connectivity
methods provide useful tools for analyzing the relative influence
of nodes within large-scale functional networks (Bullmore and
Sporns, 2009; van den Heuvel and Hulshoff Pol, 2010). Such meth-
ods have begun to emerge in the improvisation literature (e.g.,
Donnay et al., 2014; Pinho et al., 2014; Wan et al., 2014). Adopting
a network-based approach will allow researchers to move beyond
analyzing discrete regions in isolation, and transition toward a
more fine-grained understanding of the mechanisms underlying
musical improvisation.
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