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Jazz improvisation represents one of the more impressive examples of 

human creative behavior, but as yet there has been little systematic investigation 

of its cognitive bases. The results of three studies that this investigation 

comprises illustrate the optimizations of thinking and behavior that underlie the 

capacities of skillful jazz improvisers, enabling them to meet the demands of 

improvised performance effectively and efficiently.  

Studies 1 and 2 provide evidence of a process for generating and 

controlling musical ideas that improvisers can enact with little conscious 

mediation. In Study 1, this was demonstrated by the ability of experienced 

improvisers to generate well-formed improvised solos during dual-task 

conditions, in which they allocated attentional resources to a secondary 

nonmusical task. In Study 2, the contributions of nonconscious processes to jazz 

improvisation were inferred from experienced improvisers’ descriptions of their 

intentions for upcoming music during improvised solos. Their descriptions 

contained almost no explicit details of the music they were about to play; 
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inexperienced improvisers, contrastingly, conceived of upcoming music largely 

in terms of its specific details (e.g., note selection, the quotation of licks). Study 3 

examines the perceptions of two musicians performing as a duo, both serving at 

different times as soloist and accompanist. Here, the soloist’s attention was 

focused on the developmental and associative implications of his musical ideas, 

whereas the accompanist’s attention was devoted primarily to assessing the 

aesthetic and logistical implications of the soloist’s part while remaining vigilant 

for opportunities to directly interact. 

The findings in these studies illustrate the extent to which expert jazz 

musicians acquire and refine procedures for generating well-formed musical 

ideas at a minimal cognitive cost. The efficiency of the improvisational process 

was evidenced by the limited demands that generating novel music placed on 

the skilled improvisers’ attention, and in the abstract relationship between 

experts’ musical intentions and the specific actions they produced in bringing 

their intentions to fruition. 
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Chapter 1: Introduction 

The artistry of expert jazz improvisers has long inspired interest in their 

ability to create novel and well-formed expressions of music in real time. For 

aspirants and scholars who study this domain of expert behavior, the primary 

means of access to the practices of accomplished artists have come from close 

scrutiny of extant performances, usually in the form of recordings and 

transcriptions of improvised solos. These examinations have informed views 

about the form and structure of improvised jazz in all its dimensions, and have 

led to the creation of systematic methodologies for developing skill in the art of 

improvisation. 

The questions I investigated in this dissertation concern aspects of 

improvisation that are less accessible; specifically, they address the cognitive 

basis for improvising music, primarily as practiced by instrumental musicians 

performing in the modern jazz idiom. The principal challenge in investigating 

the cognitive basis for any behavior is that we currently lack a means of directly 

observing the processes that underlie thinking. Still, I am drawn to this work by 

a sense that the essence of improvisation is the process of creation, and that our 

appreciation for improvisation as artistic expression would be enriched by more 

closely examining the behavior of improvisers. 

I am certainly not the first to seek an alternative to musical analysis as a 

means of examining jazz improvising. The conclusions drawn from musical 

analyses and the effectiveness of methodologies derived from them have been 

called into question by several writers (Bailey, 1993; Birkett, 1994; Borgo, 2007; 

Sarath, 1996). Some challenge the notion that improvisational skills can be 
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codified in any meaningful way, and cite what they perceive as the failure of 

conventional techniques of analysis to capture the spirit of improvisational 

performance. This has often been attributed to the limitations of Western 

notational systems, but concerns have been raised about the use of 

representational systems for depicting improvised music in general. Bailey 

writes, “Transcription might help to establish matters to do with style or material 

used, but those elements which are particular to improvisation and to nothing 

else cannot be documented this way” (p. 15). Sarath (1996) expresses similar 

doubts about efforts to derive insights about improvisational thinking by 

inspecting notations of improvised performances. Comparing the process of 

composing music with improvising, Sarath observes that the immediacy of 

improvising binds the musician to the “localized present,” whereas the 

composer, or any person accessing a musical work in written form, has the 

luxury of regarding the work from any point along its temporal dimension. He 

argues that the perspective of improvised music afforded by score analysis 

effectively obscures the spontaneous context in which it was created. 

The concerns raised by Sarath (1996) and others highlight the distinction 

between the observable effects of the improvisational process (i.e., the music) and 

the workings of the process itself. Consider the landmark analysis by Gunther 

Schuller of saxophonist Sonny Rollins’s solo on the tune “Blue Seven,” in which 

Schuller observed that a “bitonal complex” of notes, originally referenced in the 

opening theme, reappears in various transformations throughout the lengthy 

solo that follows (Schuller, 1958). Using transcribed excerpts to bolster his case, 

Schuller details the evidence of Rollins’s thematic approach to improvising, 

asserting that his pervasive use of motivic development was part of the 
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saxophonist’s “overall plan” for the solo (p. 8). When Rollins was told of 

Schuller’s conclusions, he was largely dismissive of them, claiming “[he] was just 

playing what I know and didn’t know I was doing that” (Blancq, 1977, p. 102). It 

is entirely possible both accounts are accurate; Sonny Rollins may not have had 

any plan in mind to develop ideas thematically in his solo, yet an astute observer 

found convincing, objective evidence of large-scale thematic structure. Similarly, 

there is no indication that John Coltrane was thinking in terms of the intervallic 

patterns that Porter (1998) identified in his solo on “Giant Steps,” or that Charlie 

Parker was aware of the formulas that Owens (1975) catalogued in transcriptions 

of the saxophonist’s solos. In general, the notion that the characteristics thought 

to give successful improvisations structure and coherence are not necessarily a 

consequence of the conscious intentions of improvisers represents one of the 

more intriguing aspects of improvisational thinking. 

Constraints and skilled behavior 

The psychological basis for a complex behavior like jazz improvising can 

be understood through principles of cognitive constraints, which concern the role 

of inherent boundaries and limitations on how we act and the information we 

can process. Writers have described the constraints facing the jazz improviser, 

referring to their internal or external origins (Ashley, 2009; Berkowitz, 2008; 

Kenny & Gellrich, 2002). From this perspective, internal constraints can be 

understood as the range of skills and capacities the individual musician can 

bring to bear in a given performance context, whereas external constraints are 

determined by the context itself, in terms of the specific demands of the task at 

hand. The external constraints can vary widely in jazz improvisation, largely as a 
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consequence of the great diversity of performance structures, or referents, that 

serve as the organizing framework for most performances in the modern jazz 

idiom (Pressing, 1984). Depending on the musical parameters of different tunes 

(referents), such as performance tempo and the complexities of their underlying 

chord sequences, the cognitive demands on the improviser can vary dramatically 

from one tune to the next. It is the interaction of the internal and external 

constraints, of the skills and knowledge the musician can call upon to meet the 

demands of the task at hand, that ultimately determine the improviser’s 

proficiency in a given circumstance. 

So how does a jazz improvisation “happen,” cognitively speaking? It is 

helpful to first consider what the improviser is up against, and what implications 

the demands of the task have for the improviser’s behavior. Jazz musicians need 

to produce well-formed, novel sequences of music in real time. These sequences 

correspond with actions, or more precisely, music-producing actions. In this 

sense, improvising qualifies as a sensorimotor skill, one that depends on the 

ability to control motor behavior in order to produce specific musical effects.  

The generative process 

What sets improvised music apart from nonimprovised performance is 

the assumption that the music is somehow determined in real time, as the 

performance unfolds, rather than prepared through advance deliberation. This is 

not to say that the improviser does not depend on some set procedures and pre-

formed figures. However, at some level of their structure, typical improvisations 

are unique; the actions involved are not (entirely) determined in advance. The 
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process by which actions are specified during performance is the crux of 

improvisational behavior in music. 

Several authors refer to the cognitive basis of improvisation as a 

“generative” process, and to improvising as a generative musical behavior (e.g., 

Clarke, 1988; Norgaard, in press; Pressing, 1988; Sloboda, 1985). Unlike the 

generative process of a composer, the decisions improvisers make in the course 

of performance are essentially irrevocable, and the music that results from their 

decisions is indelible, leaving virtually no room for error correction after the fact. 

Thus, the fundamental challenges for jazz improvisers originate from the 

pressure of time (Ashley, 2009; Johnson-Laird, 2002). A key criterion for success 

in any time-pressured sensorimotor skill is the efficiency of the processes called 

upon to control behavior. The concept of efficiency in cognitive processes is one 

of the topics I will explore in the next chapter.  

For now, consider that a fundamental principle of human learning states 

that as the efficiency of the processes that underlie skilled sensorimotor behavior 

increases, the awareness and the sense of control people have of the individual 

movements that the behavior comprises can diminish (Fitts & Posner, 1967). This 

is a self-evident concept in many respects. We recognize that when the classically 

trained virtuoso executes a blistering passage of sixteenth notes from memory, 

she does not consciously focus her attention to each passing note; but the first 50 

times she practiced it, it is more likely she did. This idea is conceptually no 

different than recognizing that the better we become at keyboard typing the less 

we focus on our fingers, or the more skill we acquire in driving the more our 

mind can drift from the mechanics of operating the vehicle. In essence, as a 

consequence of practice, the figurative gap between the actions that occur in the 
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course of behavior and the individual’s awareness and sense of control over 

them widens. This phenomenon represents a theoretical challenge for conceiving 

the cognitive basis of skilled improvisation—reconciling the demands for 

efficiency with the improviser’s need to assert control and be flexible in his 

actions. This issue and the questions surrounding it are central to the work in this 

paper. 

 

PURPOSE OF THE STUDY AND RESEARCH QUESTIONS 

My intention in this dissertation was to examine empirically the cognitive 

basis for melodic improvising in the instrumental jazz idiom. In the following 

chapter I review scholarly literature relevant to this topic and the specific 

questions that I investigated. Beginning in the third chapter, I report my findings 

from three separate studies in which I examined the following questions:  

1. To what extent does improvising a melodic jazz solo depend upon 

consciously mediated control (via attention and working memory)? How 

do the cognitive demands of improvising change with experience? How 

do the cognitive demands change as a result of the musician’s familiarity 

with the task? 

2. How and when do musical ideas originate during improvised 

performances? What roles do planning and prospection play in the 

improvisational process? How do improvisers at different skill levels 

conceive of music before they play it? 

3. What information do expert-level jazz musicians attend to while 

performing in a collaborative setting? How does the attentional focus of 
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the soloist compare with that of the accompanist in a collaborative 

performance? 
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Chapter 2: Review of Literature 

SCHOLARLY ACCOUNTS OF IMPROVISATIONAL BEHAVIOR IN MUSIC 

The cognitive dimensions of jazz improvisation have been the subject of 

inquiries by scholars in several disciplines, but compared to other areas of music 

study, this topic is represented by a rather modest corpus of scholarly literature. 

To start, I provide a brief enumeration of some of the more notable works that 

directly examine this topic in order to illustrate this diversity. Several of these 

studies receive additional scrutiny throughout the chapter, along with works 

from a broad range of musical and nonmusical domains that are relevant to this 

topic and the questions I investigated. 

Theoretical models of improvisation 

The theoretical perspective of cognition in music improvisation is an area 

of scholarship dominated by the work of Jeff Pressing, who wrote a series of 

influential papers about this topic (Pressing, 1984, 1987, 1988, 1998, 2002a). The 

major work among these is the paper from 1988, in which he outlined an 

elaborate cognitive model of improvisational music performance. Along with the 

model itself, Pressing (1988) presented a systems-wide and multidisciplinary 

account of the constraints on behavior that the model attempts to resolve. More 

than 20 years later, his insights into improvisational behavior have proven 

remarkably insightful. Other significant models can be found in works by 

Johnson-Laird (1991, 2002), Kenny and Gellrich (2002), and Clarke (1988). In 

addition to these, several writers have examined the generative processes in 

reference to principles of linguistic theory (Culicover, 2005; Perlman & 

Greenblatt, 1981; Velleman, 1978).  
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Improvisation from the artist’s perspective 

Accounts of the improvisational process as told from the perspectives of 

the artists themselves are the foundation for several works. The expansive 

ethnographic study of improvisational thinking by Paul Berliner, contained in a 

volume aptly titled Thinking in Jazz (1994), is to date the most extensive 

examination of this kind. Berliner’s work is complemented by Monson’s (1995) 

ethnographic study, which focused primarily on the interplay of musicians in the 

jazz rhythm section. Sudnow’s (2001) chronicling of his own efforts to master the 

art of jazz piano is an idiosyncratic but enlightening introspective account of skill 

development in jazz.  

Inferring cognitive processes from extant improvisations   

Though most analytical studies of improvised music in the jazz literature 

focus on the theoretical and pedagogical implications of extant performances, 

analytical techniques have also been applied to derive insights into the cognitive 

implications of improvised musical expressions. Several of these works 

examined performances by historically significant artists (Finkelman, 1997; 

Smith, 1983; Weisberg et al., 2004). Both Berliner (1994) and Monson (1995) 

referred to transcribed musical examples to support their own more 

qualitatively-driven findings. In another qualitative study, Norgaard (2008, in 

press) presented jazz musicians with a computer-generated transcription and 

audio recording of improvised solos they had just performed, and asked the 

musicians to describe their rationales for specific musical decisions.  
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Experimental studies of music improvisation 

Norgaard’s (2008, in press) work contributes to a small group of studies 

that examine the cognitive basis for decision-making in jazz by asking 

improvisers to retrospectively evaluate their own just-completed performances 

(Hargreaves, Cork, & Setton, 1991; Mendonça & Wallace, 2004; Norgaard, 2008, 

in press). Other investigators have undertaken efforts to examine cognition 

during improvisation by recording the brain activity of musicians as they 

performed various improvised and nonimprovised musical tasks (Bengtsson, 

Csikszentmihalyi, & Ullen, 2007; Berkowitz & Ansari, 2008, 2010; Limb & Braun, 

2008).  

 

COGNITIVE DIMENSIONS OF IMPROVISED BEHAVIOR  

In addition to examining some of the previously described works in closer 

detail in the sections that follow, I also address a broader range of theoretical and 

experimental accounts of cognition and skilled sensorimotor behavior. This 

survey helps to establish the groundwork for the questions I investigated by 

defining many of the terms and concepts I refer to in this paper, and introducing 

the principles and findings that have informed my thinking. I delimited the 

scope of the review by considering three inter-related propositions:  

First, that within the multiple frameworks of behavior, including memory, 

attention, and action control, the cognitive basis for instrumental jazz 

improvisation can be conceptualized in terms of the interrelationship between 

consciously mediated processes and automatically regulated processes.  

Second, that jazz improvising can be construed as a goal-dependent 

behavior, in the sense that the actions that occur in the course of performance can 
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be attributed, at some level, to the musician’s intentions, and contingent on 

overarching behavioral goals. This helps to convey the idea that knowledge of 

the goals is a primary factor in the control over the behavior, as the musician 

must be able to assess his actions in relation to the goals of behavior, and redirect 

them as necessary to maintain pursuit of the goals. This characteristic is thus the 

basis for decision-making, and has implications for the improviser’s awareness of 

the actions. 

Third, that the cognitive basis for improvising jazz can be conceptualized 

in terms of the specialized capacities musicians acquire to mitigate the effects of 

various constraints on their behavior. All considerations of cognition in jazz 

improvisation proceed from the recognition that the behavior of jazz musicians 

depends on highly specialized knowledge and skills, and that expertise is 

developed only over many years of practicing and performing. These efforts 

promote systems-wide adaptations in behavior specifically optimized for the 

demands of the task (Ericsson & Lehmann, 1996), what Pressing (1998) refers to 

as a “system of expertise.”  

Mental representations for improvised music 

Theoretical positions on improvisational thinking are generally founded 

on the assumption that improvising musicians maintain some kind of mental 

representations for their musical thoughts in the course of performance, and that 

these representations play a key role in the generative process. Some of the 

questions scholars attempt to resolve in their proposals for how improvisers 

generate music address the forms that mental representations take, how and 

when the representations arise in the course of the improviser’s thinking, and the 
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relationship between the improviser’s mental representations for music and the 

overt form of the music they physically produce.  

In his cognitive model of music improvisation, Pressing (1988) 

emphasized the importance of flexibility in the ways that improvisers could 

conceive of their musical ideas during performance. He suggested that skillful 

improvisers integrate multiple representations for musical information during 

performance. Pressing described these representations as taking the form of 

“simultaneously valid and partially redundant aspects,” of which the most 

important are the acoustic aspect, the motoric aspect, and the musical aspect (p. 

154). According to Pressing, the redundancies among these various 

representations allow “maximal flexibility of path selection, so that whatever 

creative impulse presents itself as intention, and whatever attentional loadings 

may be set up, some means of cognitive organization and corresponding motor 

realization will be available within the limiting constraints of real-time 

processing” (p. 159-161). Berliner (1994) also observed the multidimensional 

nature of musical thinking in describing how musical ideas might emerge during 

an improvised jazz performance:  

Like the improviser’s store of musical knowledge, the ideas that occur 
during a solo assume different forms of representation: sounds, physical 
gestures, visual displays, and verbalizations. Each potentially involves 
distinctive thought processes and distinctive qualities of mediation with 
the body. Amid the interplay of a performer’s shifting modes of thought, 
different mental images sometimes occur simultaneously to reinforce the 
same musical pattern; other times, one kind of image predominates, 
favoring ideas peculiar to its own world of representation and 
imagination, and temporarily altering the nature of the solo. As different 
modes of thought wield varying degrees of influence within their separate 
or overlapping spheres of activity and periodically prevail over one 
another, their ever-changing balance constantly affects an improvisation’s 
progressive musical events. The balance is, in turn, constantly affected by 
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them. Ultimately, the dynamic interplay among different modes of 
musical thinking forms the heart of improvisation as a compositional 
process. (p. 206) 

Another dimension of mental representations in jazz concerns the 

temporal relationship between the representation and the ongoing stream of 

events. Kenny and Gellrich (2002) outlined a model of the temporal perspectives 

from which jazz musicians might consider the music in their improvisations. 

They distinguished between processes of recall and processes of anticipation, 

each of which allows the musician to apply a long-, medium-, or short-term 

attentional focus relative to the current point in the performance. Kenny and 

Gellrich also referred to a separate process, flow status, from which musicians are 

“able to concentrate solely on what is being created at that particular moment” 

(p. 124). Citing unpublished interviews with musicians and one of the author’s 

observations of his own performances, Kenny and Gellrich concluded that “the 

most commonly occurring activities” during improvisation are short- and 

medium-term anticipation and the flow status. In drawing this conclusion they 

stipulated that the improviser’s decision-making must occur “as a series” that 

affects the output of the music at a note-to-note level of activity. In a 

computational model of the jazz musician’s generative process that I describe in 

detail below, Johnson-Laird (2002) specifically disputed the notion that 

improvisers would be able to generate fluent improvisations under these 

conditions. It is unclear whether Kenny and Gellrich were referring to the 

consciously-rendered decisions of the musician, or to some kind of lower-level, 

implicit selection process, but this distinction would be consequential for 

considering the compatibility of their model with well-established viewpoints in 

cognitive theory.  
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Declarative and procedural memory systems 

A well-established framework in cognitive theory describes two different 

systems for representing information in long-term memory. There is a distinction 

between memory representations mediated by a declarative system, and those 

mediated by a procedural system (Atkinson & Shiffrin, 1968). Declarative memory 

can have explicit symbolic and propositional representations (i.e., information 

that can be expressed in statements such as “I know that…”), whereas 

representations of procedural memory are implicitly-held and non-propositional, 

and expressed through behavior (review in Schacter, 1987; Squire, 2004). Schacter 

(1987) described how these resources might be distinguished in terms of their 

contributions to a behavioral task: “Implicit memory is revealed when previous 

experiences facilitate performance on a task that does not require conscious or 

intentional recollection of those experiences; explicit memory is revealed when 

performance on a task requires conscious recollection of previous experiences” 

(p. 501). 

On its surface, the memories supporting the complex and specialized 

sensorimotor skills like jazz improvisation would seem to require a combination 

of propositional knowledge, such as knowledge of theoretical principles and 

nomenclature, and procedural memory for the sensory and motor demands of 

performing music. Many writers have grappled with the challenge of 

characterizing the relative contributions of propositional and procedural forms of 

knowledge in their accounts of improvisational thinking (Berkowitz, 2008; 

Berliner, 1994; Johnson-Laird, 2002; Kenny & Gellrich, 2002; Pressing, 1984, 1988). 
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The grounded cognition perspective 

An emerging view of human thinking and behavior is described in 

theories of grounded, or embodied cognition, which call into question the notion of 

a separate memory system for representing strictly abstract, symbolic forms of 

information (Barsalou, 2008; Wilson, 2002). Proponents of these viewpoints argue 

that knowledge is gained from and bound to our experiences in the world, and 

that mental representations of this knowledge are essentially founded on sensory 

and motor processing that simulate these experiences. This perspective continues 

to gain currency as a confluence of physiological and behavioral research has 

shown compelling evidence that information once believed to have only abstract 

representations, such as language, is in fact processed within sensorimotor 

systems of the brain (e.g., Beilock, Lyons, Mattarella-Micke, Nusbaum, & Small, 

2008; Nasir & Ostry, 2009).  

The consolidation of abstract thought and sensorimotor processes 

suggested by theories of embodied cognition has led several writers to draw on 

these principles in their accounts of music improvisation, focusing on the 

interrelationships between the body, the performance environment, and the 

mechanical properties of the musical instruments used to create music (Borgo, 

2005, 2007; Gibson, 2006; Iyer, 2002, 2004; Pressing, 2002b). Their perspectives 

challenge some previously held conceptions by suggesting that knowledge 

representations typically thought to be abstract and declarative, such as 

theoretical concepts and nomenclature, are inseparable from the perceptual and 

motor contexts of performance in which musicians experience them. According 

to this view, the pianist’s mental representation of the concept “dominant 13 

chord” is implicitly bound to its perceptual meanings, including the sounds of 
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the voicings she plays for the chord, and the shape of her hands when doing so. 

Consequently, her mental representations would be qualitatively different from 

those a saxophonist might have for the same concept. As this example illustrates, 

principles of embodied cognition have implications for teaching and learning 

jazz improvisation, particularly in light of the objective, propositional formats 

typically used in educational materials.  

 

ATTENTION AND SKILLED BEHAVIOR 

Improvisational expertise is not measured in terms of the sum of the 

musician’s knowledge; it is reflected in the skillfulness with which that 

knowledge is applied in the context of performance. It is difficult to imagine 

many other examples of specialized sensorimotor skills that demand more from 

practitioners than jazz improvisation. Skill in jazz is recognized primarily in 

terms of aesthetic dimensions of performance, but its expression is manifested in 

sensory and motor dimensions of behavior. The expert improviser’s abilities can 

be defined in terms of inherent constraints and limitations in the capacities of the 

human body and mind. The demands of improvising have to be met largely by 

acquired adaptations in the way information is processed and behavior is 

controlled.  

All individuals have access, through perceptual systems, to streams of 

sensory information in the environment, but the awareness we have of ourselves 

and the world around us is incomplete. The limits of what we consciously 

process are partially determined by physiological limitations, such as the acuity 

of our vision, and the sensitivity of our hearing. But even within these narrow 
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perceptual ranges, the cognitive system is selective in what information is 

processed and how it is acted upon. Perhaps the most readily recognized 

resource in conscious information processing is the attentional system.  

Competitive selection and signal strength 

Attention and its associated processes are seen as the basis for planning, 

decision-making, and problem solving, and thus central to the control we exert 

over our behavior (Knudsen, 2007; Norman & Shallice, 2000; Pashler, Johnston, & 

Ruthruff, 2001; Posner, 1980). In several characteristic models, the allocation of 

attention is conceptualized as a competition (e.g., Dijksterhuis & Aarts, 2010; 

Knudsen, 2007; Norman & Shallice, 2000). The general principles are 

summarized in Knudsen’s (2007) model, in which the information that can 

potentially be processed in a given context varies according to its signal strength 

relative to other information. Knudsen described how the signal strength of goal-

relevant information is “selectively enhanced,” either as the result of a bottom-

up, automatic process, or a top-down, intentionally allocated process (Knudsen, 

2007; also see Dijksterhuis & Aarts, 2010). A similar viewpoint is reflected in 

Posner’s (1980) distinction between stimulus-driven, or exogenous, attentional 

control, and cognitively driven, or endogenous, attentional control. 

Working memory 

Along with attention, the ability to evaluate, manipulate, and act upon 

information in the course of goal-directed behavior requires a means of 

representing it, and keeping these representations “in mind” as long as 

circumstances require. This is one of the several functions in cognition ascribed 

to working memory, a limited-capacity system thought to play a central role in 
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conscious information processing (Baddeley & Hitch, 1974). Knudsen (2007) 

characterized attention and working memory as parts of a coordinated, 

interrelated system, where attention serves as the selection mechanism for the 

information held in working memory, and in turn, “working memory represents 

the objects of attention…for periods of seconds while the information is 

evaluated and manipulated in a uniquely powerful and flexible fashion” (p. 60).  

Attention and working memory provide an essential function in conscious 

decision-making and planning in complex behavior. As important as these 

systems are, their limited capacities mean additional resources need to be called 

upon to process information and regulate behavior outside of conscious 

awareness. The distinction between these systems is the basis for dual-process 

models in cognitive theory.  

Dual-process models 

According to dual-process accounts, a system of control processes interacts 

with, but is distinct from, a system of automatic processes (Fitts, 1964; Schneider 

& Shiffrin, 1977; Shiffrin & Schneider, 1977). Similar binary systems have been 

proposed to underlie a range of cognitive and behavioral phenomena, including 

memory, attention, skill-learning, social interaction, and action control (for a 

review of these concepts, see Barrett, Tugade, & Engle, 2004). Depending on the 

context, the designations of controlled and automatic are generally aligned with 

the concepts of conscious and nonconscious, implicit and explicit, top-down and 

bottom-up, and intentional or unintentional processes in cognition and behavior. 

A key principle in cognitive theory is that consciously mediated resources 

are limited in both the capacity and speed with which they can process 
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information, and are thus costly and inefficient for regulating behavior (Fitts & 

Posner, 1967; Schneider & Shiffrin, 1977). As Bargh (1994) observed, the mental 

processes that underlie complex behaviors “are not exclusively automatic or 

exclusively controlled, but are in fact combinations of the features of each” (p. 3). 

As a rule, well-learned, familiar, or predictable activities call for less consciously 

mediated control than activities that are novel, unfamiliar, or unpredictable. In 

some activities, the demands for consciously mediated control during behavior 

can be the determining factor in whether the goals of the behavior will be met. A 

key principle in cognitive theory is that consciously mediated resources are 

limited in both the capacity and the speed with which they can process 

information, and are thus costly and inefficient for regulating behavior (Fitts & 

Posner, 1967; Schneider & Shiffrin, 1977).  

 

PRINCIPLES OF EFFICIENCY IN SENSORIMOTOR BEHAVIOR 

The principles of cognitive efficiency, particularly as related to the 

attentional demands of behavior, inform most views of sensorimotor control. 

Suhler and Churchland (2009) described the differences in attentional demands 

between behaviors that require vigilant and routine control. The higher cognitive 

cost of behavior that requires vigilant control limits efficiency, and can be 

particularly harmful in tasks that demand rapid decision-making. Moors and De 

Houwer (2006) summarized the rationale for this principle: 

Because automatic processes use only minimal attentional capacity (i.e., 
are efficient or effortless), they may run in parallel with other concurrent 
automatic or control processes, with no interference. Because control 
processes require substantial attentional resources (i.e., are nonefficient or 
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effortful), the simultaneous occurrence of multiple control processes is not 
possible, and the processes must be executed serially. (p. 298) 

The serial characteristics of the cognitive operations associated with 

consciously mediated control make them impractical for regulating complex 

behavior, which often requires processing multiple channels of information and 

coordinating several dimensions of action at once. In order to perform complex 

skills proficiently the cognitive system must adapt to optimize the way behavior 

is controlled. This process of optimization is described in models of skill 

learning. 

Stages of skill learning 

In the standard cognitive models of skill development, performance in the 

early stages of learning is mediated through conscious representations of the 

behavior and its goals (Anderson, 1982; Fitts, 1964). Performance during these 

stages imposes significant demands on attention and working memory as a 

consequence of the explicit guidance that is applied to each step of the behavior. 

Over time and practice, the need for explicit guidance diminishes as the implicit 

system assumes an increasing role in regulating behavior, a transformation 

ascribed to the control processes becoming proceduralized (Beilock & Carr, 2001; 

Ford, Hodges, & Williams, 2005).  

Among the optimizations that result from practice are enhancements in 

attention. As behavior is reinforced, information processing becomes more 

selective as the signal strength for goal-relevant information is enhanced while 

the distractions of irrelevant stimuli are minimized, increasing the probability 

that goal-relevant information will enter into working memory (Dijksterhuis & 

Aarts, 2010; Knudsen, 2007). The optimization of attention is particularly 
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important in behavior that imposes limits on conscious processing due to time-

pressure or other constraints. Some skilled behavior appears to benefit when 

attention is withdrawn from the task. Over a series of studies, Beilock and her 

colleagues investigated the focus of attention during skills like golf putting and 

soccer ball dribbling, comparing the performance of novice and expert 

participants in conditions of skill-focused versus goal-focused attention (Beilock, 

Bertenthal, McCoy, & Carr, 2004; Beilock & Carr, 2001; Beilock, Carr, MacMahon, 

& Starkes, 2002; Beilock, Wierenga, & Carr, 2002). Among their findings was that 

focusing attention on specific components of a sensorimotor skill (e.g., the side of 

the foot used to kick the ball) facilitated performance for novice participants but 

impaired the performance of experts. The authors found these impairments to be 

consistent with those ascribed to explicit monitoring of skilled behavior 

(Baumeister, 1984). As Dijksterhuis and Aarts (2010) explained, directing 

conscious attention to separate components of well-learned skills 

causes the building blocks of the skill to function as separate components, 
in a similar way as before skill was acquired. Once the structure breaks 
down, each component is executed separately, which takes more time and 
leaves more room for error. (p. 483) 

Researchers have also observed benefits in motor skill learning when 

participants focus on the effects of their movements rather than the movements 

themselves. Wulf, McNevin, and Shea (2001) compared the effects of adopting an 

internal versus external focus of attention while performing a novel balancing 

task. Participants who had been instructed to concentrate on the movements of 

their feet during practice sessions (internal focus) performed worse than 

participants who had been instructed to concentrate on the movement of 

markers that extended in front of their feet (external focus). Wulf, McNevin, and 
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Shea interpreted the results as support for their constrained-action hypothesis, 

suggesting that focusing on a movement’s external effects rather than the 

movement itself “might allow the motor system to more naturally self-organize, 

unconstrained by the interference caused by conscious control attempts” (p. 

1144). 

Prospective imagery in improvised music  

The notion that attention can harm the performance of well-learned or 

routine sensorimotor skills is not difficult to conceptualize in balancing tasks and 

soccer ball dribbling, but generating novel and highly-stylized musical gestures 

during a jazz solo would seem to call for a higher degree of conscious control. 

Some educators have cited the importance of the improviser’s capacity to 

preconceive their ideas in the form of vivid musical images. In the introduction 

of their widely-known instructional text Patterns for Jazz (Coker, Casale, 

Campbell, & Greene, 1970), the authors wrote, “The jazz improviser pre-hears in 

his mind the next musical event, and then has the added task of playing it 

cleanly and with feeling. This is the process of jazz improvisation” (p. i). Edwin 

Gordon, a pedagogue who coined the term audiation to describe this and other 

skills related to musical imagery, wrote that “unless one can audiate what he is 

going to create and improvise before he performs it, all that may be heard at best 

are the mechanics of scales and arpeggios, and at worst, mere exploration" 

(Gordon, 1989, p. 78).  

The phenomenon of musical imagery has received a fair amount of 

examination in both its psychological and physiological dimensions. Among the 

findings reported in brain imaging studies is evidence that imagining music and 
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perceiving music can evoke similar patterns of neural activity (Kraemer, Macrae, 

Green, & Kelley, 2005; Zatorre & Halpern, 2005; Zatorre, Halpern, Perry, Meyer, 

& Evans, 1996). Similar correspondences have been observed in the brain activity 

of musicians when they imagine executing musical sequences or actually 

executing them (Lotze, Scheler, Tan, Braun, & Birbaumer, 2003).  

The evidence of shared neural substrates in real and imagined perceptual 

phenomena has reinforced positions held by proponents of grounded, or 

embodied, theories of cognition, particularly their view that mental 

representations arise when the brain “reactivates” the perceptual processes that 

occur with actual perceptual experience (Barsalou, 2008; Decety & Grèzes, 2006; 

Holt & Beilock, 2006; Wilson, 2002). This perspective raises some interesting 

questions about the viability of improvisers originating musical ideas in the form 

of musical images. Barsalou (2008) stated that “mental imagery typically results 

from deliberate attempts to construct conscious representations in working 

memory” (p. 619). In addition, mental simulations of perceptual-motor behavior 

are thought to require about the same time to imagine as is necessary to actually 

perform them (Decety, Jeannerod, & Prablanc, 1989; review in Rosenbaum, 

Carlson, & Gilmore, 2001), raising questions as to whether the improviser would 

have the time to form prospective images for upcoming music. This concern 

represents the central argument by Johnson-Laird (2002), who suggested that the 

time constraints during jazz improvisation would necessitate a means of 

generating music that does not require the “intermediate results” of musical 

gestures to be represented in the improviser’s working memory. 
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ACTION AWARENESS AND SELECTION  

In presenting their theoretical positions on cognition in improvised music, 

several writers have specifically addressed the demands for efficiency in the 

generative process, and the importance of improvisers acquiring some degree of 

automaticity, or “routinization,” in controlling their behavior (e.g., Berkowitz, 

2008; Johnson-Laird, 2002; Kenny & Gellrich, 2002; Norgaard, 2008, in press; 

Pressing, 1988, 1998). As I described earlier, there would seem to be limits in the 

extent to which improvisers can benefit from efficiency in their actions, as the 

gains from the lowered cognitive demands of routine actions may come at the 

cost of flexibility, such as an inability to alter or suppress responses that arise 

automatically (Bargh, 1994; Fitts & Posner, 1967). Pressing (1988) referred to the 

conflicting demands of flexibility and efficiency as the “novelty problem.” 

In considering the origins of complex sensorimotor behaviors like those 

supporting jazz improvisation, one inevitably confronts fundamental questions 

about the relationship between the workings of the mind and the overt actions 

that take place in the course of behavior. Stock and Stock (2002) highlight this so-

called “mind-body problem” when they ask, “How is the mind able to use the 

body to achieve its goals, without any notion of the anatomy or neurophysiology 

of its functioning?” (p. 176). At the root of this quandary is the concept of agency, 

and the intuition that our body functions in service of our mind. The assumption 

of agency is reinforced by the sense we have of our actions being willed, and that 

as the agents of our actions, we assert conscious, volitional control over our 

behavior. These assumptions have long been the focus of philosophical debate, 

and have presented practical challenges in studies of cognition and behavior. 

More recently, neurological and physiological evidence of the nonconscious 
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origins of what is normally regarded as intentional behavior has inspired a 

reexamination of long-held beliefs about how much control we actually exert 

over what we do (Haggard, 2005; Wegner, 2003).  

A somewhat more tractable perspective of intentional actions is suggested 

by ideomotor principles (James, 1890). Ideomotor principles are founded on the 

basic recognition that “human actions are initiated by nothing other than the idea 

of the sensory consequences that typically result from them” (Stock & Stock, 

2004, p. 176). According to ideomotor principles, an intention consists of an 

anticipatory mental representation of a sensory effect, which automatically 

specifies the movements necessary to achieve it (Elsner & Hommel, 2001; 

Hoffmann, Stöcker, & Kunde, 2004; Kunde, Elsner, & Kiesel, 2007). 

Consequently, the linking of actions and their contingent effects is the basis for 

motor learning, as these links are critical for ensuring accurate, controlled 

movement. Most of the essential links are believed to be formed during 

exploratory movements in early childhood (Thelen, 1995), but new action-effect 

contingencies can be established and reinforced through practice (Elsner & 

Hommel, 2001; Herwig & Waszak, 2009; Hoffmann, Lenhard, Sebald, & Pfister, 

2009). The linking of actions and effects has clear implications for developing 

musical skills. Investigators have found behavioral and physiological evidence 

that basic contingencies between actions and musical effects are established early 

in learning (Bangert & Altenmüller, 2003; Bangert, Haeusler, & Altenmüller, 

2001; Keller & Koch, 2008). These links continue to strengthen and become 

refined over years of practice (Bangert et al., 2006; Drost, Rieger, Brass, Gunter, & 

Prinz, 2005; Drost, Rieger, & Prinz, 2007; Keller & Koch, 2008). Experimental 

manipulations of encoded action-effect contingencies have been found to 
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significantly disrupt the performance in music-producing actions, demonstrating 

the importance of action-effect relationships for fluency in skilled musical 

performance (Keller & Koch, 2006, 2008). 

Hierarchical concepts in complex, goal-directed behavior 

When ideomotor principles are applied to complex, goal-directed 

behavior, they suggest a basis from which to consider the figurative distance 

between awareness and action. Bargh (1992) cited the example of driving a car as 

a complex behavior that has an “abstract controlled component (the overarching 

goal to get somewhere) as well as many automated subroutines used to 

maneuver the car safely” (p. 184). Berkowitz (2008) adopted a similar perspective 

with regard to music improvisation, suggesting that “the internalization of the 

referent and knowledge base allow for somewhat automatic generation of the 

micro-structure of the music from moment-to-moment, allowing the allocation of 

conscious attentional resources to higher-level musical processes” (p. 170-171).  

Berkowitz’s (2008) adoption of hierarchical terminology to depict 

cognitive processes in jazz is intuitively appealing, as complex sequential 

behavior very often contains structural relationships that can be conceived at 

different scales. Recognition of the hierarchical nature of complex sensorimotor 

behavior has inspired several proposals in cognitive and social psychology (e.g., 

Botvinick, 2008; Pacherie, 2008; Trope & Liberman, 2010; Vallacher & Wegner, 

1987). In their theory of action identification, Vallacher and Wegner (1987) 

proposed that individuals can regard their actions along a spectrum of low- to 

high-level identities, a range that at one end is more concerned with how an 

action is controlled and at the other with what purpose the action serves. Higher-
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level identities for behavior can be preserved across different lower-level 

identities (e.g., “exercising” can identify both riding a bicycle or jogging), 

whereas lower levels “come closer to specifying the individual movements 

involved in the action and so admit to far less variability in their mode of 

enactment” (p. 8).  

Pacherie (2008) introduced a hierarchical model for the intentions that 

give rise to actions during complex behavior, proposing three coexisting levels of 

intentionality: distal, proximal, and motor. Distal intentions represent “overarching 

goals” that “ensure rational control of the action,” and are “detachable from the 

current situation” (p. 183). Proximal intentions “anchor this plan in the situation 

of the action” by representing more immediate goals (p. 184). Pacherie suggests 

that conscious awareness of goals would likely apply to intentions emerging at 

this level, describing how “the time scale of proximal intentions is the time scale 

of explicit perception and thought” (p. 185), and that proximal intentions 

“specify our situated goals and represent them in a perceptual representational 

format readily accessible to consciousness” (p. 196). Motor intentions, on the 

other hand, provide basic, parametric guidance and control over movement; acts 

occurring at this level are realized instantaneously and processed implicitly.  

Sensorimotor skills are well suited for conceptualizing in hierarchical 

frameworks. One of the hallmarks of skill-learning is the integration of task-

relevant information into larger “cognitive units” (Feltovich, Prietula, & Ericsson, 

2006). Vallacher and Wegner (1987) considered the implications of action 

integration in their theory of action identification, writing that the integration of 

discrete actions into larger units of behavior should promote an individual’s 

“readiness to appreciate higher level identities and attempt maintenance with 
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respect to them” (p. 8). The direct correspondence between actions and musical 

sounds makes music performance seem particularly amenable to hierarchical 

conceptualizations; the levels of organization evident in the structure of music 

seem to provide a natural framework for considering the structure of musical 

actions.  

 

THE STRUCTURAL CHARACTERISTICS OF SERIAL BEHAVIOR 

Motor chunking 

Improvised melodies are motor sequences. Because so much sensorimotor 

behavior involves structured sequences of some kind, these types of actions have 

received extensive attention from investigators interested in the methods by 

which individuals learn and control serial behaviors. A well-documented finding 

in this research is that repeated practice of motor sequences promotes the 

development of memory representations that effectively combine the adjacent 

elements in a series into single, integrated units (Koch, 2007; Rhodes, Bullock, 

Verwey, Averbeck, & Page, 2004; Verwey & Dronkert, 1996; Wu, Chan, & Hallett, 

2008). This process of action integration in motor sequences, sometimes referred 

to as motor chunking, is believed to enhance the efficiency of storage and retrieval 

operations, and is thus an important mechanism in the cognitive optimizations 

that promote skilled behavior (Feltovich, et al., 2006).  

Action integration is described as the basis for some of the most 

impressive skills demonstrated by expert musicians, such as their ability to 

memorize and recall lengthy musical sequences (Chaffin & Imreh, 2002), and to 

perform complex sequences without error at high rates of production 
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(Pfordresher, Palmer, & Jungers, 2007). Action integration is believed to 

contribute to action planning during musical performance (Palmer & van de 

Sande, 1995). The integration of musical sequences in memory is thought to be 

determined by characteristics of musical organization, including phrase structure 

and meter (Palmer & Pfordresher, 2003). Stereotyped temporal structure, or 

rhythmicity, has been described as a contingent element of chunked motor 

sequences (Sakai, Hikosaka, & Nakamura, 2004). Chunking has also been 

observed to facilitate sequence learning when keypresses produce predictable 

tones (Stöcker & Hoffmann, 2004), providing further evidence that musical 

sequences are likely to be organized in this manner.  

As the studies I just described indicate, our understanding of how 

musicians learn musical sequences and control their actions when they play them 

is primarily limited to findings from studies involving precomposed music, 

either performed from memory or read from notation. Like most precomposed 

musical sequences, most improvised melodies in jazz are organized by a metrical 

pulse, contain discernible phrases, and can be produced at equally impressive 

rates (Johnson-Laird, 2002), qualities that suggest that the structural organization 

of improvised musical sequences corresponds in some manner with the 

representations for musical sequences in the procedural memory of skilled 

improvisers. 

Formulas and preformed materials in improvised music 

Many writers have observed the pervasiveness of “pre-formed” materials 

in improvised music and have speculated about the implications of these 

materials for performance (e.g., Berkowitz, 2008; Berliner, 1994; Brown, 1981; 
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Finkelman, 1997; Norgaard, in press; Pressing, 1988; Sloboda, 1985; Smith, 1983; 

Weisberg et al., 2004). These materials are employed in conveying the essential 

character of jazz, and serve as distinct units of cultural meaning, facilitating 

communication among musicians and listeners through a shared recognition of 

their historical use. Berliner (1994) noted the “specialized syntactic functions” 

served by an acquired lexicon of “set patterns,” such as those that have “special 

catalytic powers at the beginning of phrases,” and those that provide a “traveling 

function” or carry out “holding operations” between more substantive material 

(p. 228). Other patterns might serve as “negotiators” for generating melodic 

material over difficult chord sequences, or “episodic figures” that include “call 

and response patterns, sequences, or other short chains of ideas that work 

especially well in succession, conveying a sense of flow and logical 

development” (p. 228). Berliner also noted the use of “short musical maneuvers 

that may never stand alone as discrete ideas in solos, but routinely serve as 

embellishments and connections, enhancing and joining together patterns in the 

creation of longer phrases” (p. 228).    

Jazz improvisers are aware of their reliance on various habitual gestures, 

and at times can find them difficult to suppress. Particularly in contexts where 

the limits of the musician’s skills are tested, the pressures of generating music 

can be especially severe. Brown (1981) noted the effect of tempo on the extent to 

which improvisers are compelled to use familiar routines, claiming that “for 

most practical purposes, absolute and total newness in jazz improvisation, other 

than at slow rates of speed, is arguably an impossibility in thoughtful jazz 

improvisation” (p. 24). Brown’s viewpoint highlights the importance of pre-

formed materials as a means of facilitating the generative process in demanding 
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conditions. As a saxophonist reminded Berliner (1994), “you’ve got to play 

something” (p. 206). 

The function of pre-formed sequences as a means of accommodating the 

cognitive demands in generative behavior is also a topic of great interest in 

linguistics (Culicover, 2005; Levelt, Roelofs, & Meyer, 1999; Mackenzie, 2000; 

Wray & Perkins, 2000). The relationship between music and language has also 

inspired inquiries into their cognitive and physiological comparability (Brown, 

Martinez, & Parsons, 2006; Koelsch, 2005; Patel, 2003). As Patel (2003) observed, 

“Like language, music is a human universal in which perceptually discrete 

elements are organized into hierarchically structured sequences according to 

syntactic principles” (p. 674). These qualities, conceptualized in rule-based 

systems of grammar and tonality, impose certain constraints on the form and 

function of these sequences, but can in general allow significant flexibility and 

diversity of meaning. In the production of both music and language, the effects 

of these syntactic constraints are compounded in situations that do not permit 

the sequences to be drafted in advance. In these more spontaneous contexts, time 

becomes the critical constraint on generative processes, often requiring a trade-

off between speed and flexibility. As a result, unscripted utterances in both 

language and music are observed to contain a great variety of preassembled 

routines, or formulas, among the sequences that are produced.   

Wray and Perkins (2000) framed the use of linguistic formulas in terms 

that evoke principles of chunking, suggesting that formulas are represented in 

memory as single, fully integrated “units” that can be “stored and retrieved 

whole… at the time of use, rather than being subject to generation or analysis by 

the language grammar” (p. 1). They suggest that “prefabricated sequences” are 



 32 

used “as a way of minimizing the effects of a mismatch between our potential 

linguistic capabilities and our actual short term memory capacity” (p. 15). When 

considered as a functional component of generative language, formulas are often 

identified among the shorter, connective elements of speech rather than fully 

formed phrases or sentences (Wray & Perkins, 2000). For example, Pawley and 

Snyder (1983) attributed fluency in conversational language to the native 

speaker’s mastery of hundreds of thousands of institutionalized sentence stems, 

which they define as a “unit of clause length or longer whose grammatical form 

and lexical content is wholly or largely fixed” (p. 191). When considered at this 

scale, the presence of formulaic materials in language may be impressively 

pervasive. Wray and Perkins (2000) cited Altenberg’s (1990) finding that “as 

much as 70% of our adult native language may be formulaic” (p. 1-2).  

Using a computational method of analysis, Weisberg et al. (2004) found 

comparable proportions of formulaic materials in a corpus of solos recorded by 

historically significant jazz artists. The authors located recurrent sequences in 

transcriptions of improvisations by Charlie Parker, Lester Young, and Jaco 

Pastorius. The solos (six by Parker, four by Young, one by Pastorius) were all 

based on the same chord progression. To identify the recurrent sequences, 

Weisberg and colleagues calculated the number of semitones between adjacent 

notes in each solo, resulting in a string of difference scores (e.g., +2, -3, +3, +1, 

etc.). This method preserved the intervallic content of the sequences but 

disregarded the pitches used. The authors also did not factor the timing 

characteristics of the melodies into their analysis, including note durations, 

rhythmic structure, and tempo. For a sequence to qualify as a formula it had to 

be at least four notes in length and recur at least once in any of the 
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improvisations by the same artist. The formulas identified through this method 

ranged in length from 4 to 26 notes. Parker’s solos were found to be the most 

formulaic—90% of the notes in his solos were contained within the various five-

note formulas he used. Formulas that were four notes long were the most 

prevalent in the improvisations of the other musicians, accounting for more than 

70% of the notes in Young’s four solos, and more than 50% of the notes in the 

solo played by Pastorius. 

Weisberg et al.’s (2004) analysis addressed levels of musical activity rarely 

scrutinized in the prevalent methods of jazz analysis. However, their decision to 

exclude the timing, transposition, and harmonic contexts of these sequences from 

their analysis is problematic, as differences among these parameters are 

consequential to the form and function of the sequences they identified. Timing, 

in particular, is thought to play a critical role in how action sequences are 

encoded and controlled (Sakai et al., 2004). That said, Weisberg and colleagues 

identified levels of formulaic activity in improvisations that were not 

characterized in previous works (e.g., Finkelman, 1997; Owens, 1975; Smith, 

1983). The pervasiveness of these materials, particularly among Parker’s solos, is 

compelling evidence of their importance to the improviser’s generative process. 

Algorithmic viewpoints: Johnson-Laird 

Several writers have characterized formula-based conceptions of 

improvisational fluency as in opposition to a computational model proposed by 

Johnson-Laird (Ashley, 2009; Thompson & Lehmann, 2004; Weisberg et al., 2004). 

Johnson-Laird (2002) directly challenged the notion that jazz musicians “string 

together a sequence of motifs” when they improvise (p. 430), arguing that doing 
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so would require forming intermediate representation of these phrases in working 

memory, a process that the time pressures of performance and the limited 

capacity of working memory resources would conspire to make “altogether 

impracticable” (p. 430). In his computational model, Johnson-Laird proposed 

instead that jazz improvisers generate novel melodies through a set of 

unconscious procedures. These procedures are applied to an extensive 

knowledge base representing “the principles for improvising rhythmic phrases 

in three distinct systems: a set of prototypes, a set of principles for realizing them 

in various ways, and a system for timing the notes in a way that swings” (p. 434). 

The algorithm that serves this process narrows the improvisational possibilities 

at any given point:  

The contour determines the approximate choice of pitch, and the 
harmonic constraints of the current chord narrow the choice down still 
further. The constraints and the range of the instrument sometimes reduce 
the choice to a single pitch, but more often there is a small set of 
possibilities, and the final choice from them is made arbitrarily. (p. 437) 

To test his model, Johnson-Laird (2002) wrote a computer program 

designed to generate a series of quarter notes in real time based on a specified 

chord sequence, producing a melody roughly comparable to a walking bass line. 

The output was determined by applying a predefined set of rules and procedures 

for pitch and contour (an analogue for the improviser’s long-term knowledge 

base), based on input that specified the currently active chord, a scale associated 

with it, and the current beat in the measure. To represent the absence of working 

memory from the process, the program maintained a buffer that contained only 

the previous note when determining the subsequent one. This resulted in a 

system that “makes no use of motifs other than those that occur by chance” (p. 
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438). Johnson-Laird characterized the resulting bass lines as on par with those of 

a “moderately competent beginner,” and suggested the program could be 

improved by “the inclusion of a richer knowledge of contours and passing notes” 

(p. 438). Weisberg et al.’s (2004) findings suggest an alternative resolution, one 

that might reconcile the conflict that some have observed between formula-based 

conceptions of improvising and Johnson-Laird’s concerns for cognitive 

efficiency. The importance of action integration in skillful sequential behavior is 

an established principle in motor research (Rhodes et al., 2004). Consider that the 

one note buffer in Johnson-Laird’s algorithm instead accommodated one motor 

chunk, comparable in size to the four and five note long formulas that Weisberg 

et al. (2004) found to prevail in the solos they analyzed. The cognitive rationale 

for this capacity is supported by findings showing the upper limit of a single 

motor chunk to be about five elements (Verwey, 2003), and theories that longer 

action sequences are composed from a series of concatenated motor chunks 

(Sakai et al., 2004). Perhaps if a suitable algorithm were applied to determine 

adjacent formulas (functioning as motor chunks) rather than adjacent notes, 

Johnson-Laird’s system might be capable of producing a more satisfying, 

idiomatic output while preserving the efficiency needed to function in real time.  

Perspectives from neuroscience  

Johnson-Laird’s (2002) application of working memory principles in his 

cognitive model of jazz improvisation seems cogent in light of findings from a 

neuroimaging study by Limb and Braun (2008). Limb and Braun investigated the 

neural basis for jazz improvising by recording activity in the brains of six skilled 

jazz pianists. Using functional magnetic resonance imaging (fMRI), the authors 
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recorded relative levels of brain activations during four musical tasks. The tasks 

utilized a 2x2 experimental design, with two levels of music complexity (scale 

and jazz) and two modes of performance (memorized and improvised). The 

memorized tasks involved playing a one octave, ascending and descending C 

major scale several times consecutively, paced by a metronome (memorized scale 

condition), or playing from memory a melody based on the 12-bar blues that was 

written by one of the investigators (memorized jazz condition). The low-

complexity improvised task restricted the pitch content to the one octave C major 

scale and rhythm content to consecutive quarter notes (improvised scale 

condition). The high-complexity improvisation task involved playing a solo 

based on the chord progression for a C minor blues (improvised jazz condition). 

There were no restrictions imposed on the pitch or rhythm content of the 

improvisations during this condition, and the solos were accompanied by a 

prerecorded jazz rhythm section. 

Limb and Braun (2008) found evidence of significant decreases in the 

neural activity in the dorsolateral area of the prefrontal cortex (DLPFC) during 

the improvisation tasks compared with memorized and rest conditions. The 

DLPFC has been identified as a key structure of the working memory system 

(Curtis & D'Esposito, 2003; D'Esposito et al., 1995; Jahanshahi, Dirnberger, Fuller, 

& Frith, 2000; Kübler, Dixon, & Garavan, 2006), and has been observed to be 

strongly activated during early stages of motor skill learning (Jueptner et al., 

1997; Poldrack et al., 2005; Vogt et al., 2007) and less involved when motor skills 

become automatic (Wu, Kansaku, & Hallett, 2004). Limb and Braun attributed 

the decreased activations in the DLPFC during improvisation conditions to the 
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suspension of conscious regulatory processes, “allowing unfiltered, unconscious, 

or random thoughts and sensations to emerge” (p. e1679).  

It is difficult to ascertain whether Limb and Braun’s (2008) study revealed 

neural activity exclusively linked to the musicians’ improvisational process. 

Parsons, Sergent, Hodges, and Fox (2005) reported similar patterns of activity in 

a brain imaging study of expert classical pianists, including decreases in 

prefrontal cortex activations during the pianists’ performance of a Bach concerto 

compared with their performance of ascending and descending scales. The 

authors interpreted the decreased prefrontal activity as evidence the concerto 

engaged a “much deeper focused attention” supported by an “inhibition of the 

processes potentially able to distract the musician during a sustained 

performance” (p. 211). Their findings, along with Limb and Braun’s, seem 

compatible with Dietrich’s (Dietrich, 2003, 2004) hypothesis of transient 

hypofrontality, a specialized pattern of neural processing marked by transitory 

decreases in the neural activity of the prefrontal cortex, in particular the DLPFC. 

Dietrich suggests this pattern represents the neural signature for certain altered 

states of consciousness, including those associated with peak performance, or 

flow (Csikszentmihalyi, 1990). Accounts of musicians achieving transcendent 

states of consciousness during improvised performances are often reported in the 

improvisation literature (e.g., Bauer, 2005; Berkowitz, 2008; Berliner, 1994; 

Jeddeloh, 2003; Sudnow, 2001; Werner, 1996). 

Reconciling theoretical positions with subjective experience 

As the scope of this review indicates, our understanding of the cognitive 

basis for improvised music performance is largely extrapolated from findings in 
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other disciplines, and speculated in complex theoretical models. The positions 

taken in these cognitive models are often incongruous with the perceptions of 

practitioners. Jazz improvisers have certainly proven eager to share their 

personal perspectives on their thought processes, but tend to reflect on their 

experiences in general terms rather than focusing on a particular performance 

(e.g., Berliner, 1994; Monson, 1994). There has been little systematic study of the 

thinking of jazz improvisers in reference to specific musical performances, which 

would be necessary to test the existing theoretical models. 

An exception is the recent study by Norgaard (Norgaard, 2008, in press), 

in which expert jazz improvisers described their thought processes in reference 

to solos they had just finished playing. Norgaard used audio processing software 

to quickly generate a rough transcription of improvisers’ solos, allowing 

musicians to listen back to the audio recording while viewing a transcribed score 

of the music they had just played. During guided interviews, Norgaard 

instructed the musicians to describe their reasoning as it related to specific events 

in the improvisation, prompting them with questions as necessary, with a 

particular emphasis on the origin of musical ideas during the course of playing.  

Based on the improvisers’ accounts, Norgaard (2008, in press) identified 

two “major ongoing processes” used when generating music, a prospective 

orientation he called sketch planning, and a retrospective orientation he called 

evaluative monitoring. Sketch planning describes a process in which “One or more 

musical features of upcoming passages are sketched out by the improviser before 

the passages’ execution,” and whose musical features include “architectural 

elements like note density, use of various registers on the instrument, or 

harmonic structure” (p. 62). The process of evaluative monitoring, as the 
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designation suggests, entails the improviser assessing the music as it is 

performed. The distinction between these two processes is similar to the 

retrospective and prospective processes in Kenny and Gellrich’s (2002) model. 

Norgaard portrayed the sketch planning and evaluative monitoring processes as 

complementary, with the improviser relying on the monitoring process to 

identify fertile ideas to act upon. Pressing (1998) also recognized the importance 

of monitoring in dictating the musical direction of the improvisation, describing 

how improvising can be regarded as an “interruptible associative process based 

on ongoing evaluation of previous musical events” (p. 56). 

Norgaard (2008, in press) also identified four generative strategies used by 

his interviewees for originating music during their improvised solos. He referred 

to these as the idea bank, harmonic priority, melodic priority, and incorporation. 

Norgaard defined the idea bank as “the collection of procedural and auditory 

memories of coherent musical structures, which may vary in explicitness and 

extent” (in press, p. 17). Harmonic priority is revealed when improvisers “create 

melodic lines based on the music’s chordal structures,” while melodic priority 

reflects a more horizontal focus in the musician’s thinking, with less regard for 

the implications of passing chords. The fourth resource Norgaard identified for 

generating music, incorporation, refers to improvisers’ use of development, 

elaboration, and repetition as a means of extending ideas. 

 

 CONCLUSIONS 

The music played by expert jazz improvisers has been well documented 

and systematically codified, and astute thinkers from a wide range of disciplines 
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have put forth elaborate theories and models of improvisational behavior. Yet, 

surprisingly few empirical studies have been undertaken to test the validity of 

these accounts or to explore the questions they leave unresolved. This is at least 

partially a reflection of the legitimate practical challenges of investigating a 

behavior like jazz improvisation in an experimental setting. Still, such challenges 

must be confronted, thoughtfully but directly, if understanding is to advance 

beyond models, theories, and conjecture.  

In each of the following three chapters I describe findings from studies 

that I undertook in efforts to test some of the claims found in the existing 

literature, and address unresolved questions concerning the cognitive basis for 

the generation of musical gestures in jazz improvisation. In the next chapter I 

describe my investigation into the working memory demands of improvising 

among musicians with varying experience playing jazz, seeking support for the 

proposal that skilled improvising is founded upon command of an implicitly-

generated repertoire of idiomatic musical actions. In the two chapters that follow 

I describe my efforts to examine how the goals and intentions of improvising jazz 

musicians might be inferred through the information they are aware of and 

concerned with as they perform. 
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Chapter 3   

Study 1: Dual-task proficiency during jazz improvisation 

The principal task for jazz improvisers is to conceive of and render well-

formed musical sequences in real time. The characteristics of this music are 

constrained broadly by conventions of the idiom, and within a given 

performance context by the idiosyncrasies of the tune serving as the 

improvisational referent (Pressing, 1984). Skillful improvisers can form elaborate 

and highly stylized sequences into compelling, original solos, which are further 

shaped by the spontaneous, collaborative musical dialogue that defines ensemble 

performance in modern jazz. Despite the enormous demands of improvising 

solos within these contexts, the performances of highly skilled jazz musicians 

rarely contain any detectable errors.  

Dual-task methods and working memory 

Cognitive theorists have long depicted a division of labor in human 

behavior, distinguishing consciously mediated processes allocated for so-called 

“higher” functions like reasoning, problem solving, and decision making, from 

nonconscious processes that regulate behavior automatically, without the need 

for deliberate control or awareness (Atkinson & Shiffrin, 1968; Fitts & Posner, 

1967; Logan, 1985; Schneider & Shiffrin, 1977). Consciously mediated cognition is 

thought to be largely dependent on attention and working memory, resources 

that have limited capacity, and that work in coordination to select, temporarily 

preserve, and manipulate information in order to affect behavior (Knudsen, 

2007).  
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Theories based on this dual process model define much of contemporary 

thinking about human psychology, including our understanding of skill 

learning. In traditional models of skill learning, performance in early stages of 

learning is marked by substantial demands for consciously mediated control 

(Fitts & Posner, 1967, Shiffrin & Schneider, 1977). This control is often critical for 

achieving behavioral goals early in learning, but the inefficiency of the processes 

imposes significant limitations on performance (Moors & De Houwer, 2006). As 

behavior is reinforced through practice and experience, the demands for 

conscious resources diminish as control is increasingly regulated through more 

efficient processing in nonconscious procedural memory systems. As a 

consequence of this transition, conscious attention can be allocated for other 

information processing, a principle often demonstrated in experimental designs 

using dual-task paradigms (e.g., Allport, Antonis, & Reynolds, 1972; Baddeley, 

Chincotta, & Adlam, 2001; Beilock, Carr et al., 2002; Passingham, 1996). 

Dual-task protocols are used to determine if performance in a 

sensorimotor task is impaired when it is performed at the same time as a 

different task that requires attention. Performance deficits in either or both tasks 

are interpreted as evidence that both tasks are competing for the same cognitive 

resources, resulting in interference. When task performance is found to be 

unimpaired in dual-task conditions, investigators interpret this as an indication 

of skills that are automatic (e.g., Passingham, 1996; Wu et al., 2004; Wulf et al., 

2001) or proceduralized (e.g., Beilock, Wierenga et al., 2002; Ford et al., 2005; Gray, 

2004). 
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Nonconscious processes in jazz improvisation 

The impressive challenges of improvising melodies in jazz has led writers 

to speculate as to how skilled jazz improvisers are able to generate such fluent 

expressions of music in real time. Some authors, observing the prevalence of 

various stock or routine gestures in improvised jazz music, have suggested that 

improvisers rely on pre-formed formulas as a means of alleviating the demands 

of conceiving completely novel melodies (Brown, 1981; Finkelman, 1997; Smith, 

1983; Weisberg et al., 2004). Other authors have considered the extent to which 

improvised musical behavior might call upon nonconscious processes 

(Berkowitz, 2008; Johnson-Laird, 2002; Norgaard, in press; Pressing, 1984, 1998). 

Johnson-Laird (2002) approaches melodic jazz improvisation as a computational 

problem, asserting that the demands of generating well-formed musical 

sequences in real time preclude musicians from forming “intermediate 

representations” for the sequences in their working memory. He outlines an 

algorithmic process that he believes would enable jazz musicians to generate 

novel melodic sequences directly from procedures encoded in long term 

memory, effectively bypassing working memory. In light of views describing 

working memory’s role in forming conscious representations for information 

(Knudsen, 2007), Johnson-Laird’s proposal implies that the contents of the 

musical sequences are not consciously represented prior to the musician’s 

executing them. Anecdotal support for this idea has come from the 

introspections of musicians themselves, some of whom describe experiencing a 

metaphysical sensation of not directly controlling aspects of their own 

improvisations (Berkowitz, 2008; Berliner, 1994; Norgaard, 2008, in press).  
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The contributions of nonconscious processes to jazz improvising have yet 

to be directly examined in a controlled, experimental setting. My intention in this 

study was to test the capacity of jazz musicians to improvise blues solos in dual-

task conditions. If their improvisations can be generated through largely implicit 

processes, then performing a concurrent, nonmusical task that requires attention 

and working memory should not disrupt performance of the solo. However, if 

the task of improvising blues solos calls for extensive conscious control, then 

performing a concurrent task should interfere with the soloist, resulting in 

observable effects on performance in one or both tasks. 

METHOD 

Participants 

Ten instrumental jazz musicians (including one female) participated in the 

study: three pianists, three saxophonists, two bassists, a guitarist, and a 

trombonist. I recruited the participants directly, based on my personal 

knowledge of their experience and expertise in jazz, as well as their availability 

for the study. Five of the participants were members of the faculty and affiliated 

with the jazz division in the Sarah and Ernest Butler School of Music at The 

University of Texas at Austin, and five were music students (3 graduate, 2 

undergraduate) pursuing degrees in jazz studies at the same university. All ten 

participants identified jazz as their primary performance idiom. They are 

identified below by their instrument and the duration of jazz experience they 

reported in a background interview:  

1. Tenor saxophonist, 42 years of experience 

2. Pianist, 37 years of experience 
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3. Guitarist, 33 years of experience 

4. Pianist, 21 years of experience 

5. Bassist, 20 years of experience 

6. Trombonist, 18 years of experience 

7. Tenor saxophonist, 10 years of experience 

8. Pianist, 7 years of experience 

9. Alto saxophonist, 5 years of experience 

10. Bassist, 2 years of experience  

 

I met with each participant individually in two sessions that took place 12 

to 16 weeks apart. Both sessions, each taking approximately one hour to 

complete, were recorded in both audio and video formats. The protocol in this 

study was approved by the Institutional Review Board at The University of 

Texas at Austin, and all of the musicians gave their informed consent prior to 

their participation.  

Session 1 protocol 

When the participants arrived for the first session, I conducted a brief 

interview to gather information about their musical backgrounds. As part of the 

interview, I asked them to identify which musical key centers they considered 

their “most familiar” and “least familiar” for improvising solos based on the 12-

bar blues. Seven participants identified the key of F as their most familiar, and 

the remaining three participants chose the key of B-flat. For their least familiar 

keys, four participants identified G-flat (or F-sharp), three chose B, and one each 

named the keys of E, A-flat, and D-flat. At the time they provided this 
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information I gave no indication of what interest I had in collecting it. After 

finishing the interview, I explained the general purpose of the study and details 

of the tasks they would be performing during the session. 

Primary musical tasks 

The participants each completed five musical tasks, all of which involved 

performances based on the form and harmonic progression of a 12-bar blues. The 

tasks were accompanied by a prerecorded drum track played through wall-

mounted speakers. Four of the musical tasks involved playing improvised solos, 

the other required participants to play music from memory. The memorized 

music task was performed in a dual-task condition, and called for participants to 

play four consecutive iterations of a precomposed tune, or head, based on the 

form of the 12-bar blues (dual-task head, DTH). The participants were free to 

play any tune they knew well enough to play from memory, but I recommended 

it be one that was very familiar to them.  

For the improvisation tasks the participants improvised melodic solos 

based on the format of the 12-bar blues in the two keys they had identified in the 

background interview as their most familiar and least familiar. The participants 

played two solos in each key, one in a single-task condition (single-task familiar 

key, STF; single-task unfamiliar key, STU) and the other in a dual-task condition 

(dual-task familiar key, DTF; dual-task unfamiliar key, DTU). All four 

improvisations were recorded in digital audio format. Other than instructing 

participants as to which keys they should perform their solos in, I did not give 

any explicit instructions about the specific chord changes they should reference 

in their improvisations. I felt this was unnecessary, as the only accompaniment 
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was the drum track, and the 12-bar blues progression allows for a variety of 

interpretations.  

All five musical tasks began after a four measure preparatory count-off 

and lasted the equivalent of four consecutive choruses of the 12-bar blues form 

(48 measures). The source for the accompaniment track was a looped recording 

of a solo drummer playing “time” in a jazz swing feel, in 4/4 meter, at a tempo of 

160 beats per minute (bpm). I used audio editing software (Mazzoni, 2006) to 

isolate a four-measure sequence from an existing recording (Carman, 2005), 

which I then looped to produce an accompaniment track that corresponded with 

the length of the musical tasks. At the 160 bpm tempo each four-chorus trial 

lasted approximately 72 seconds. 

Secondary counting task  

The purpose of the current study was to investigate the demands that 

improvising jazz solos imposes on resources associated with conscious cognition. 

To examine this in a dual-task paradigm, the secondary task should require 

enough conscious attention that task interference would result in detectable 

effects on the participants’ performance in one or both of the tasks. Tasks 

involving counting are frequently used as secondary tasks in dual-task protocols 

(Cohen & Poldrack, 2008; Lavric, Forstmeier, & Rippon, 2000; Maxwell, Masters, 

& Eves, 2000), as are discrimination tasks, which require distinguishing a target 

signal interspersed within a series of task-irrelevant “filler” signals (Beilock et al., 

2004; Beilock, Carr et al., 2002; Gray, 2004). The secondary task I devised for the 

current study combined elements of both cue discrimination and counting tasks, 

and was similar to tasks used in previous research (Cohen & Poldrack, 2008; Wu 
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et al., 2004). The cognitive demands associated with these types of tasks arise 

from the attention needed to discriminate a target cue from the irrelevant ones 

and working memory for maintaining an accurate tally during counting tasks.  

The task I devised for the current study required participants to monitor a 

series of gentle “taps” that I applied intermittently to either the left or right side 

of their upper back, approximately at the centers of the shoulder blades. Among 

my concerns in selecting a secondary task for this study were that it not disrupt 

the physical actions necessary for playing musical instruments, nor require any 

visual or auditory attention, as task interference originating from these factors 

would be separate from interference caused by the tasks’ competing cognitive 

demands. The participants were instructed to keep count of the taps, but only 

those they felt on their right side. I applied these taps using the rounded tips of 

two styluses, one in each hand, while standing behind the participant. This 

arrangement ensured that participants could only perceive the taps tactilely, as 

my arms were out of their view. During these trials the participants were seated 

or standing, depending on conventions of their instrument and their preference.  

Tapping sequences 

In order for the tapping patterns in the secondary task to be consistent for 

all of the participants, I used presentation software (Microsoft PowerPoint, 

version 12.2.7) to create a graphical rendering of the timing and lateralization 

parameters for three separate tapping sequences, one for each of the three dual-

task trials (DTH, DTF, DTU). Beginning in the second chorus of each of three 

dual-task trials (DTH, DTF, DTU), series of the letters L and R (representing left 

and right) displayed on a computer monitor, which was placed so as to be visible 
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to me but outside of the participant’s view. Upon each letter’s appearance I 

applied a tap to the side it specified. 1  

When designing the sequences I sought to make the timing between 

consecutive taps unpredictable, and unrelated to the tempo of the drum track. 

The total number of taps in each of the three sequences varied, as did the number 

of right-sided taps the participants were to keep track of during each trial. 

Sequence A consisted of 27 taps (13 on the right), Sequence B consisted of 25 taps 

(15 on the right), and Sequence C consisted of 30 taps (14 on the right). The 

interval between taps ranged from one to three seconds, with the entire sequence 

distributed over the last three choruses of the trial. 

Count reports and confidence ratings 

After completing each of the three dual-task trials, the participants 

reported the number of right-sided taps they had counted. Along with their 

count reports, I asked the participants to rate their confidence in the accuracy of 

their count using a 10-point scale. I advised them to consider a confidence rating 

of 10 only for count reports they felt “completely confident” were accurate, and a 

rating of 1 for when they had “absolutely no confidence” in their count’s 

accuracy. 

In preparation for the study I conducted a series of pilot experiments to 

test the feasibility of various protocols and to refine the dual-task procedure that 

was ultimately used. Over the course of these pilot studies, several participants 

                                                
1 In addition to signaling the cue sequences, I used the presentation software to control the 
playback of the accompanying drum track. This enabled very precise and effortless coordination 
of the musical and counting tasks; with a single key press at the beginning of the trial, I was able 
to initiate both the playback of the accompaniment track, and cue the start of the tapping 
sequence display to begin after the 12 measures of drums passed. 
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revealed having prioritized their musical performances during the dual-task 

trials, in some cases intentionally ignoring the secondary task. While this 

response was likely in reaction to the demands imposed during dual-task 

conditions, and thus meaningful to the investigation, I was concerned that if 

participants were to intentionally ignore the secondary task there would be little 

or no evidence for task interference on their improvisations. Consequently, in my 

instructions for the main experiment, I advised participants to consider the 

musical and counting tasks as equally important. I also incentivized performance 

on the counting task, informing the participants that I would award them two 

dollars for each correct count they reported, and one dollar for count reports 

within one of the actual number. I considered these rewards suitably modest to 

encourage efforts in the counting task without placing undue pressure on 

performance. 

Summary of task conditions 

The order and task conditions of the six trials are summarized below: 

1. STF: Single-task, familiar: play solo in familiar key 

2. STU: Single-task, unfamiliar: play solo in unfamiliar key 

3. Counting task only2  

4. DTH: Dual-task, head: play blues theme four times while counting taps  

5. DTF: Dual-task, familiar: play solo in familiar key while counting taps 

                                                
2 Before the first dual-task trial, each participant performed the counting task alone, without 
playing music. This trial served to acclimate the participants to the task, and to establish that they 
could successfully manage the counting task when presented by itself. All of the participants 
reported the correct number of taps, and all expressed full confidence in the accuracy of their 
reports. 
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6. DTU: Dual-task, unfamiliar: play solo in unfamiliar key while counting 

taps 

Session 2 protocol 

The counting results represent only a partial account of participants’ dual-

task performance. In order to obtain a measure of the effects dual-task conditions 

might have had on the improvised solos, I arranged to meet with each 

participant for a second time. During these second sessions, which took place 12 

to 16 weeks after the first, I played back audio recordings of the improvisations 

to test whether the participants could distinguish the solos they played in dual-

task conditions from those they played in single-task conditions in the same key.  

Based on my own experience as a musician and my knowledge of jazz, I 

felt confident that the participants in the study would have keen knowledge of 

their own musical proclivities, and would be well equipped to detect evidence of 

task interference in their own performances. Of course, it was vital that the 

participants make their judgments “blind” to the task conditions in the 

recordings. In particular, I tried to minimize the possibility of their assessments 

being triggered by specific recollections of their solos from the first session. I had 

not informed participants at the time of the first session about plans for these 

later assessments. In addition, the lengthy interval between the two sessions was 

intended to allow time for memories of events in the solos to fade. Finally, I 

devised a procedure for the assessments, which I describe below, that used 

edited recordings and randomized presentation orders to obscure the contexts in 

which the solos were originally performed. 
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Task condition assessments 

All four of the improvised solos played in the first session (STF, STU, DTF, 

DTU) were four choruses in length. In addition to the recordings I had made of 

each solo in its entirety, I used digital editing software (Mazzoni, 2006) to create 

separate tracks for each individual chorus in the solos. This allowed participants 

to assess the task conditions of their full, complete solos as well as individual 

choruses excerpted from them.  

In the first part of the assessment procedure, the participants judged the 

task conditions for the individual choruses, determining whether they were 

played in single or dual-task conditions. Recall that during the dual-task trials 

the counting task did not start until the second chorus; consequently, the first 

chorus of the dual-task trials was essentially played in single-task conditions. In 

order for participants to evaluate an equal number of choruses in both task 

conditions (single and dual-task) and both keys (familiar and unfamiliar), I 

excluded the first chorus of all four solos from the individual chorus 

assessments. This resulted in participants judging the task conditions of the 

second, third, and fourth choruses from each of the four solos (STF2, STF3, STF4; 

STU2, STU3, STU4; DTF2, DTF3, DTF4; DTU2, DTU3, DTU4).  

I divided the presentation of the individual choruses by key so that the 

basis for comparisons would be the task conditions. The participants evaluated 

the six solo choruses from the familiar key in one sequence, took a short break, 

and then judged the six choruses from the unfamiliar key in one sequence.3 The 
                                                
3 For the most part, the two key centers each participant improvised in were a half step or 
augmented fourth apart (i.e., F and B, or F and E). As I was preparing the edited excerpts I 
noticed that evaluating unaccompanied melodies from such distantly related keys in close 
juxtaposition required a few moments to reorient one’s ear to the new tonalities each time it 
changed. To avoid this effect and facilitate direct comparisons within each key, I chose to present 
choruses from the same key together.  
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presentation order within each key was randomized for each participant. A 

sample presentation sequence of the six choruses in the unfamiliar key would be 

STU2, DTU4, DTU2, STU4, DTU3, STU3. I played back the recording of each 

chorus at least once, replaying it if the participant asked to hear it again. The 

participants then indicated whether they believed the chorus was played during 

a single or dual-task condition. To discourage them from using an elimination 

process to deduce how many choruses remained in each task condition, I did not 

inform the participants in advance about the number of individual choruses they 

would be evaluating. After the participants had completed their evaluations of 

the individual choruses, they performed similar assessments for the task 

conditions of the four full solos (STF, STU, DTF, DTU).  

Typicality ratings  

After assessing the task condition of each full solo, I asked the participants 

to assign a rating representing their estimate of how consistent the content and 

character of the solo was with their “typical” style of improvising. The scales 

used for these typicality ratings were printed on separate forms, one for each 

solo, and consisted of nine scale points arranged in a bipolar format, from -4 

through +4 (Figure 3.1). In addition to the numerical designations, the scale’s 

midpoint was labeled “typical”; the scale’s leftmost endpoint (-4) was labeled 

“much worse,” and the scale’s rightmost endpoint (+4) was labeled “much 

better.” I intended that these ratings would provide an estimate of how much of 

the participants’ normal improvisational capacity might have been altered in the 

dual-task conditions. Finally, to gain additional insights into the effects of task 

interference on the improvisations, I asked the participants to describe the 
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rationale for their assessments throughout the evaluation procedure and kept 

notes of their responses.  

 

Figure 3.1: Rating scale used for evaluations of solo typicality. 

 

RESULTS OF SESSION ONE 

For convenience, when referring to specific participants both in the body 

of the text as well as in tables and figures, I identify them using their years of 

experience as jazz musicians, P(years experience). The ten individual participants 

will henceforth be referred to as P42, P37, P33, P21, P20, P18, P10, P7, P5, and P2. 

Though somewhat inelegant, this system is efficient; the variance in experience 

among the participants is a key factor in this study. 

During the first session, each of the ten participants completed five 

musical tasks, STF, STU, DTH, DTF, and DTU. They performed three of these in 

dual-task conditions, during which the secondary task required them to count 

the number of taps they felt applied behind their right shoulder as they played 

(DTH, DTF, DTU). I evaluated performance in the secondary counting task of 

each trial through two measures: the accuracy of the count they reported, 

calculated as the absolute difference between the number of taps they reported 

and the number that occurred, and also the confidence they had in the accuracy 

of their count report, which they rated on a 10-point scale. The data for the group 

means in Figure 3.2 show there to be an overall decline in the measures of 

-4            -3            -2            -1            Typical            +1            +2            +3            +4 

Much worse                                                                            Much better 
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secondary counting task performance between the first dual-task condition, 

DTH, in which the musicians played a memorized “head” based on the 12-bar 

blues, and the second task condition, DTF, in which they improvised a blues solo 

in the key they had named as their most familiar. This decline is evident in the 

mean counting error, which increased from .5 in the DTH trial to 2 in the DTF 

trial, and in the mean confidence ratings, which fell from 7.8 to 5.9 between the 

two trials. The mean counting error decreased slightly from the DTF to DTU 

trials (2 to 1.7), but the mean confidence ratings declined consistently across the 

three dual-task conditions (DTH: 7.8; DTF: 5.9; DTU: 4.7).  

Figure 3.2:  Group means for measures of secondary task performance.  

DTH=Dual-task, head; DTF=Dual-task, familiar key; DTU=Dual-task, unfamiliar 
key. Left: Mean counting error across three dual-task conditions. Counting errors 
were calculated as the absolute difference between the count that was reported 
and the actual number of taps on the targeted side. Right: Mean confidence 
ratings across three dual-task conditions. Confidence ratings were based on a 10-
point scale. 
 

Individual results of counting task 

The individual results for the secondary counting task reveal a more 

heterogeneous and multifaceted account of dual-task effects among the 10 
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participants. The data in Table 3.1 represent the accuracy and confidence ratings 

of each participant for the three dual-task trials (DTH, DTF, and DTU). The count 

accuracy was calculated as the absolute difference between the number of right-

sided taps the participant reported after the trial and the actual number of taps. 

The confidence ratings were assigned on a 10-point scale, and given by the 

participants along with each count report.  

 

Table 3.1: Secondary task performance.  

DTH=Dual-task, head; DTF=Dual-task, familiar key; DTU=Dual-task, unfamiliar 
key. Counting errors were calculated as the absolute difference between the 
count that was reported and the actual number of taps on the targeted side. The 
participants rated their confidence for each count report based on a 10-point 
scale. The dash representing P18’s DTU counting error indicates his failure to 
report a count total after the DTU trial. 

In several cases, the confidence ratings revealed evidence of task 

interference that was not apparent from the count report accuracy alone. For 

 DTH Condition DTF condition DTU condition 

Participant Counting 
Error  Confidence Counting 

Error Confidence Counting 
Error Confidence 

P42 0 8 0 7 0 6 

P37  0 9 0 7 0 6 

P33  1 6 5 5 5 5 

P21  0 8 0 9 0 7 

P20  1 9 2 8 0 9 

P18  0 10 0 9 — 3 

P10  0 7 1 7 0 3 

P7  0 9 3 4 1 5 

P5  2 6 4 3 5 1 

P2  1 6 5 2 4 2 
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example, of the four participants who reported the correct count for both the 

DTH and DTF trials (P42, P37, P21, and P18), three gave lower confidence ratings 

for their DTH count than they had for the DTF count. Their reduced level of 

confidence provides the only measure of the change in demands these 

participants apparently experienced during the second task condition. In another 

case, P10 reported the correct count after the DTU trial, but rated his confidence 

as only 3 on the 10-point scale. This represented a substantial decrease from the 

confidence rating of 7 he had assigned for his DTF count report in the previous 

trial, even though that report was inaccurate. When I asked P10 about his drop in 

confidence with the DTU count report, he described being unable to closely 

monitor the taps in this trial, and characterized his count report as only an 

estimate for the total. Without the confidence rating to serve as evidence of his 

struggles, his apparently fortuitous estimate would have effectively obscured the 

significant task interference he experienced in this trial. 

The data in Figure 3.3 highlight the confidence ratings each participant 

gave with their count reports for the three dual-task conditions. The accuracy of 

the count report is also depicted in this figure, but rather than being plotted it is 

indicated by the symbol used for the data point of the associated confidence 

rating. These symbols show only whether the count report was correct, off by 

one or two, or off by at least three from the actual number of taps in that trial. 

This portrayal of the secondary task data helps to resolve concerns I had with 

depicting the counting error as the primary measure of performance, and 

conveys what I believe to be a more meaningful representation of the 

participants’ proficiency in the secondary tasks. 
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Comparing a participant’s confidence ratings across the three dual-task 

conditions helps to convey the demands the participant perceived in a given trial 

relative to the others. Among the distinguishing aspects of the individual 

confidence data are the precipitous drops that occur in the ratings of some 

participants between trials. The dotted lines in Figure 3.3 indicate confidence 

ratings that declined at least three points from the rating in the previous trial. 

Note that in all but one of the five trials where these steep drops occurred, the 

participant’s count report in that trial was at least three off from the correct total. 

The exception was the case I described above in which P10’s estimate for the 

number of taps in the DTU trial turned out to be the accurate count.  

Figure 3.3: Individual results of secondary counting task. 

DTH=Dual-task, head; DTF=Dual-task, familiar key; DTH=Dual-task, unfamiliar 
key. Data point symbols indicate whether the count report was correct (p), off 
by 1 or 2 (Ñ), or off by at least 3 (Ñ) from the actual number of taps in that trial. 
Dotted lines connect confidence ratings that decline by at least three rating 
points. 
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RESULTS OF SESSION TWO 

The results of the task condition identification procedure from the second 

session are presented in Table 3.2. Each participant assessed the task conditions 

of six individual choruses from each key, half of which were played in single-

task conditions and half in dual-task conditions. After these assessments, they 

also attempted to identify the task conditions in recordings of the full, unedited 

solos they played in the four task conditions (STF, STU, DTF, DTU).  

Individual chorus assessments 

The total number of correctly identified individual choruses among the 

participants ranged from as many as 11 out of 12 to as few as 4 (M = 7.4; Mdn = 

8). Recall that the choruses they assessed in each key were divided between 

single-task and dual-task conditions. The average number of choruses that 

participants correctly identified out of the six in the familiar key was 3.9; from 

the six in the unfamiliar key, the average number of correctly identified choruses 

was 3.5. Two participants (P21, P10) correctly identified all six of the choruses in 

the same key; none did so in both keys. Three participants (P42, P33, P2) 

correctly identified just two of the six choruses from the same key; P42 had this 

result in both his familiar and unfamiliar key chorus assessments.  

Full solo assessments 

Not surprisingly, the participants who were more accurate in the task 

condition assessments they made for the individual choruses were also accurate 

in their assessments of the full solos. In all five cases where participants correctly 

identified at least 5 of the 6 individual choruses in a given key, they correctly 

identified the task conditions of both full solos from that key. In the four cases 
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where participants correctly identified just 2 of the individual choruses in a key, 

they subsequently misidentified one or both of the task conditions in the full 

solos from that key as well. Generally, however, the evaluations made for the full 

solos were accurate. Even the participants who had mixed success in the 

individual chorus assessments tended to correctly identify the task conditions of 

their full solos. In all, 6 of the 10 participants correctly identified both of their 

familiar key solos (STF, DTF) and six correctly identified both of their unfamiliar 

key solos. Five participants correctly identified the task conditions in all four full 

solos; two participants misidentified the task conditions in all four full solos.  

 Familiar Key Unfamiliar Key 

Participant 
Correct 

Chorus IDs 
(Out of 6) 

Full Solo IDs Correct 
chorus IDs 
(Out of 6) 

Full Solo IDs 

STF DTF STU DTU 

P42 2 No No 2 No No 

P37  5 Yes Yes 4 Yes Yes 

P33  3 Yes No 2 Yes No 

P21  6 Yes Yes 5 Yes Yes 

P20  3 Yes Yes 3 Yes Yes 

P18  4 No No 4 No No 

P10  3 Yes No 6 Yes Yes 

P7  4 Yes Yes 4 Yes Yes 

P5  5 Yes Yes 3 Yes Yes 

P2  4 Yes Yes 2 Yes No 

Table 3.2: Individual results of task condition identifications.   

STF=single-task, familiar; DTF=dual-task, familiar; STF=single-task, familiar; 
STU=single-task, unfamiliar. Numbers listed in Correct Chorus ID columns 
indicate the number of correctly identified individual choruses out of the six 
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presented in that key. Under Full Solo IDs heading, “Yes” indicates the 
participant correctly identified the task condition of the full solo; “No” indicates 
the participant did not correctly identify the task condition of the full solo. 

Typicality ratings 

Recall that in addition to the task condition assessments, the participants 

rated each of their four full solos based on their estimate of how the solo 

compared with a “typical” performance. Table 3.3 contains the ratings the 

participants assigned to each of their four full solos.  

 

Participant 
Familiar Key Unfamiliar Key 

STF DTF STU DTU 
P42 -2 +1 +2 +2 

P37  Typical -2 Typical -2 

P33  +1 +2 +1 +1 

P21  Typical -2 -1 -2 

P20  +1 +2 +1 +1 

P18  Typical Typical Typical -1 

P10  Typical Typical +1 -2 

P7  Typical Typical -1 -1 

P5  Typical Typical -1 Typical 

P2  +1 Typical Typical +1 

Table 3.3: “Typicality” ratings of full solos. 

STF=single-task condition, familiar key; STU=single-task condition, unfamiliar 
key; DTF=dual-task condition, familiar key; DTU=dual-task condition, 
unfamiliar key. Participants assigned ratings to their solos on a scale that ranged 
from -4 (much worse) to +4 (much better). The midpoint of the scale indicated a 
solo rating of “typical.” 
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Although the rating scale enabled participants to rate their solos up to 

four points worse or four points better than what they regarded as a being their 

typical level of playing, none of the ratings actually assigned were more than two 

rating points from typical. Within each key, there were never more than three 

rating points separating a participant’s single- and dual-task condition solo 

ratings. The narrow range in the ratings implies that the participants perceived, 

in general, only moderate effects of the task conditions on the content and 

character of the solos they played. The implications of the typicality rating are 

largely signified by their relationships with other measures of performance. I 

expand upon these ratings when I address participants’ individual cases in the 

sections that follow. 

 

DISCUSSION 

I investigated the hypothesis that in order to meet the demands of real 

time improvised performance, skilled jazz musicians develop the capacity to 

generate improvised melodies in a manner that requires little conscious 

mediation. To assess this capacity, I examined how musicians responded to the 

demands of improvising melodic jazz solos based on the 12-bar blues during 

dual-task conditions. I derived my findings by considering measures of 

participants’ secondary task performance along with evaluations that 

participants made of their own solos in a subsequent session. The combination of 

these solo evaluations and secondary task measures provides a fairly 

comprehensive account of how participants coped with the demands of 

improvising in dual-task conditions.  
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Several participants demonstrated a capacity to attend to a concurrent 

counting task while improvising a solo based on the 12-bar blues. For some, 

doing so might have compelled them to moderate the style and character of their 

playing. For two participants, this ability varied with the key of their solos: when 

soloing in a familiar key, they were able to accurately track the number of taps in 

the counting task; when soloing in an unfamiliar key, they could not. Others 

appeared unable to focus on the secondary task while improvising, no matter 

which key they played in.  

The efficiency with which the cognitive system can support complex, 

skilled behavior is generally a function of the individual’s familiarity with the 

task. All ten participants had identified jazz as their primary performance idiom, 

but the extent of their experience varied, as did their level of expertise. I expected 

these differences to be a factor in the results. To evaluate this factor, I 

distinguished participants based on their years of jazz experience. Though 

experience is clearly an imperfect gauge of jazz musicians’ expertise, comparing 

participants’ based on their length of experience provides useful context for 

interpreting the results.  

As indicated by the dashed lines in Figure 3.3, each of the five least 

experienced participants reported a confidence rating in either the DTF or DTU 

trial that represented a decline of three or more points from their rating in the 

previous trial. Note that a decline in confidence can only be discerned in its 

relation to a higher confidence rating in a preceding trial; consequently, I could 

only identify precipitous drops in confidence in the DTF trial (in reference to the 

preceding DTH rating), and the DTU trial (in reference to the preceding DTF 

rating). With one exception, these precipitous drops in confidence were each 
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associated with a count report that was least three off from the actual count in 

that trial.4 I regarded the trials in which these drops occurred as representing the 

participants’ “breaking points,” in which the demands of improvising precluded 

them from focusing sufficient attention towards the counting task.  

Least experienced (P2, P5, P7) 

Precipitous drops were evident in the DTF confidence ratings given by the 

three least experienced participants (P2, P5, and P7). These ratings, along with 

the inaccurate count reports accompanying them, suggest these participants 

experienced greater demands on their attention during the task of improvising a 

blues solo than they had in the previous trial, in which they played a 

precomposed blues theme from memory. The evidence for a breakdown in dual-

task proficiency between conditions is clearest in the results of P7, a participant 

who appeared to have little difficulty managing the dual-task demands during 

the preceding DTH trial. Though both P5 and P3 assigned conspicuously lower 

confidence ratings for their DTF count reports than they had with the preceding 

DTH trial, it should be noted that their ratings for DTH trial were relatively low 

to begin with. Considering P5 and P3 did not report the correct number of taps 

after any dual-task trial, it seems likely that they experienced difficulty with the 

counting task during all three dual-task conditions.  

In the second session evaluations, P5 and P7 were successful in 

distinguishing the task conditions of all four full solos (Table 3.2). P2 recognized 

his DTF solo but not his DTU solo. Their success in identifying the task 

                                                
4 As I noted earlier, P10 characterized his DTU count report as a fortuitous estimate. While this 
was the only trial in which a participant correctly estimated or guessed a count total, it 
underscores the importance of the confidence ratings in assessing participants’ dual-task 
proficiency. 
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conditions of the individual choruses were mixed. P5 correctly identified five of 

the six familiar-key choruses, and P2 correctly identified only two of the six 

unfamiliar-key choruses. Because these three participants performed poorly on 

the counting task, their subsequent task condition assessments are difficult to 

interpret. A high rate of accuracy in these assessments implies improvising in 

dual-task conditions appeared to have some effect on their performances, 

perhaps resulting from their unsuccessful efforts to focus on the counting. On the 

other hand, a low rate of accuracy in the task condition assessments might result 

from participants disregarding the counting task, essentially rendering the dual-

task into single-task conditions. The typicality ratings given by P2, P5, and P7 are 

similar for their solos in both task conditions, indicating the task conditions had, 

at most, a moderate effect on the improvisations of these participants.  

Effects of key familiarity (P10, P18) 

In contrast with their less experienced counterparts, the secondary task 

measures of P10 and P18 remained fairly stable across their DTH and DTF trials, 

indicating their ability to maintain their focus on the counting sequence during 

both conditions. For P10 and P18, the precipitous drops in confidence were 

evident in their ratings for the final dual-task condition, DTU. These drops reveal 

a strong effect of key familiarity on their counting task proficiency, suggesting a 

breakdown in their ability to attend to the counting task while soloing in an 

unfamiliar key. In their subsequent task condition assessments, P18 and P10 

failed to recognize their full DTF solo as being from a dual-task condition. Both 

participants rated these solos as typical of their improvisational style. These 

evaluations imply P18’s and P10’s familiar key solos were unaffected in dual-task 
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conditions. Along with their proficiency in the DTF counting task, these results 

provide evidence of a low cost process for generating music that I hypothesized 

would distinguish the performances of skilled jazz improvisers.  

The evidence for a low cost generative process supporting P10’s and P18’s 

DTF solos did not extend into their results for the unfamiliar key. P10 detected 

significant effects of the dual-task conditions on his unfamiliar key solos, 

evidenced by his ease in distinguishing them from his single-task condition solo 

in the same key, and by the poor typicality rating he assigned to his DTU solo. In 

contrast, P18 did not detect evidence of task interference when he evaluated his 

unfamiliar key solos. This would likely be attributed to his apparent disregard 

for the counting task during the DTU trial—recall that P18 failed to even offer an 

estimate a count total for this trial. By disregarding the counting task, P18 may 

have been able to preserve the same level of attention for his dual-task solo that 

he did for his single-task solo.    

Most experienced (P20, P21, P33, P37, P42) 

I observed no precipitous declines in the secondary task confidence 

ratings among the five most experienced participants. Excluding P33, whose case 

I will address separately below, the secondary task performance of the four 

remaining participants (P42, P37, P21, P20) was characterized by their accurate or 

nearly accurate count reports, and the relative stability of their confidence ratings 

across trials. Though the counting task measures of these four participants were 

comparable, their evaluations in the second session illuminated differences in the 

extent the dual-task conditions might have affected their improvisations. P42 was 

unable to distinguish his full dual-task condition solos in either key, and only 
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identified the correct task conditions for two of the six individual choruses he 

assessed in both keys. His DTF typicality rating was 3 points higher than his STF 

rating; his DTU and STU ratings were the same. Altogether, the results indicate 

P42 experienced little or no task interference during his dual-task solos, 

supporting the hypothesis.  

Compromising to count 

P37, P21, and P20 demonstrated an ability to maintain their focus on the 

counting task during both the familiar and unfamiliar key dual-task trials, but 

unlike P42, all three detected differences between their single- and dual-task 

condition solos during the second session evaluations. I was interested in the 

nature of these differences, as they presumably resulted from their attending to 

the secondary task. Perhaps the aspects of performance that were affected in 

dual-task condition would be those that skilled improvisers normally mediate 

through conscious attention.  

As indicated in Table 3.2, P37 and P21 were generally successful at 

distinguishing their single- from dual-task condition improvisations, correctly 

identifying the task conditions for all four complete solos as well as most of the 

individual choruses. P20 also recognized the task conditions for all four full 

solos, but was less successful when assessing the individual choruses, correctly 

identifying only three of the six individual choruses in each of the two keys.  

P37 and P21 both rated their two dual-task condition solos as worse than 

typical, and worse than their single-task condition solos from the same key. P21 

noted that the last three choruses of his DTF solo (the three choruses that were 

played in dual-task conditions) were largely oriented around simple bluesy 
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gestures, and felt there was no overall shape to the solo. He noted similar 

characteristics in his DTU solo, including a distinct difference between the 

quality of the first chorus and the remaining three. For P37, the features that 

signaled to him the dual-task condition in the familiar key solos included his 

observations of inconsistencies in the time feel. He also cited the overall shape, 

feeling the solo “didn’t go anywhere, really.” P37 characterized his DTU solo as 

“pretty diatonic, not many altered tones,” and noticed passing ideas that he felt 

he would normally have elaborated. In his view, the main deficiencies of his 

dual-task condition improvisations were their lack of harmonic sophistication, 

the less-frequent use of technically demanding elements such as double-timing, 

and the absence of longer-range coherency in the musical ideas.  

P20 observed his dual-task condition solos to be more restrained 

harmonically, and noted the prevalence of riffs and “blanketing” techniques. He 

felt these characteristics were not atypical of his improvisational style per se, but 

he would be unlikely to maintain this approach over several choruses. This point 

might explain the discrepancy between the accuracy of his single chorus and full 

solo assessments. Despite the musical accommodations P20 might have made 

during dual-task conditions, he rated both of his dual-task solos as better than 

typical, and equal to or better than the solos from single-task conditions. 

An exceptional case 

Skill and experience were clearly factors in participants’ performance 

during this study. These findings are qualified, however, by the dual-task 

performance of P33. His secondary task measures rank near the bottom among 

all participants, and his task condition evaluations in the second session suggest 
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there were no discernible differences between his single- and dual-task 

improvisations. Based on these results, it appears likely that P33 paid little or no 

attention to the counting task during all three dual-task conditions. The extent to 

which his poor performance in the secondary task was compelled by the 

demands of the task conditions is the relevant question. It is possible his 

performance was affected by the novel conditions of the experimental context. 

Researchers have described evidence of degraded performance of otherwise 

well-learned, proceduralized skills in certain performance contexts, including 

those perceived as being high-pressure or stressful (Baumeister, 1984). There 

were no indications P33’s improvisational skills were impaired, however. 

Perhaps the manner in which this participant improvises music requires more 

ongoing conscious regulation than it does for other comparably experienced jazz 

musicians, though this explanation would seem to be in direct opposition to the 

widely accepted theoretical positions my hypothesis is based on. In light of the 

small sample size of this study, the implications of this individual case are 

difficult to interpret, and would benefit from further examination. 

 

CONCLUSIONS 

Dual-task designs are frequently used to distinguish behavior that can be 

enacted “automatically,” outside of conscious control. The improvisations played 

in this study would not qualify as automatic in the strictest sense of the word. 

Taking into account all of the available measures of performance, there was 

evidence of task interference in the results of all the participants. For 

participants’ whose improvisations appeared unimpaired during dual-task 
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conditions, task interference may have only been evidenced by a small decline in 

secondary task confidence ratings between trials. The extent of these demands 

varied among the participants, generally as a reflection of their length of 

experience, and in some cases their familiarity with the key of the solo.  

Accounting for all of the available measures of performance in the solos 

and counting tasks, the most comprehensive evidence of dual-task proficiency 

was represented in the DTF and DTU trials of P42, and the DTF trials of P18 and 

P10. The secondary task results for these trials indicated that the participants 

were able to maintain focus on the counting task as they improvised. Their dual-

task proficiency was reinforced by their assessments during the second session. 

They were unable to reliably distinguish the solos in these dual-task trials from 

the single-task solos they had played in the same key. In addition, they rated 

their dual-task solos as typical or better than typical, implying that the quality 

and character of their solos were not noticeably impacted during dual-task 

conditions. 

The results of this study provide evidence that improvisers’ methods for 

generating music become increasingly proceduralized over time and experience. 

The notion that improvised melodies can be formed from implicitly regulated 

procedures may seem antithetical with conventional depictions of improvising as 

a process of artistically motivated decision-making (e.g., Berliner, 1994). This 

would be the case only if the intent of improvisational behavior concerned only 

the immediate content of the musical output rather than its broader, longer-

range implications. The characterization by Aarts and Dijksterhuis (Aarts & 

Dijksterhuis, 2000) of skilled actions as “goal-directed automatic behaviors” 

presents a useful perspective for interpreting the findings in this study, and for 
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considerations of the role nonconscious processes play in improvisational music 

more generally. In skilled behavior, the “activation of a goal leads to activation of 

a number of associated behaviors lower in the hierarchy” (Aarts and 

Dijksterhuis, 2000, p. 54). The relevance of this concept to jazz improvisation is 

borne out by the evidence in this study for a subsidiary level of behavior that 

experienced jazz musicians can enact “automatically” during improvisation. The 

attentional resources these musicians were able to reserve for counting taps 

would presumably be applied in the pursuit of superordinate musical goals in 

normal performance settings.  

Conceptualizing improvisational behavior within a hierarchical 

framework suggests a direction to continue this line of inquiry. There seems to be 

general consensus among writers that nonconscious modes of control free the 

improviser’s conscious resources to address higher level priorities during their 

performances (Berkowitz, 2008; Norgaard, 2008, in press; Pressing, 1984, 1988), 

but the specific manifestations of this higher level focus have received little direct 

scrutiny. In the following chapter, I describe my efforts to further pursue these 

issues through an examination of the intentions improvisers have for upcoming 

music during improvised solos. 
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Chapter 4  

Study 2: Representations of upcoming music during jazz 
improvisation 

The results of the study described in Chapter 3 demonstrate that 

experienced improvisers can generate music in a way that does not call for the 

full engagement of their attention and working memory. The ability shown by 

several participants to perform fluent solos while they concurrently attended to 

an unrelated cognitive task reveals the extent to which their behavior is 

regulated nonconsciously, a defining characteristic of proceduralized sensorimotor 

skills (Allport et al., 1972; Beilock, Wierenga et al., 2002; Nissen & Bullemer, 

1987). The extent of this capacity varied among the participants, though, 

generally in accordance with their experience, and also their familiarity with the 

key of the solo. These results illustrate how the cognitive demands on jazz 

improvisers can vary substantially not only as a consequence of their overall 

experience, but also the specific demands of the task at hand.  

The previous study’s results provide some degree of support for Johnson-

Laird’s (2002) model of improvisation. Citing the constraints of real time 

performance, Johnson-Laird proposed that skilled improvisers can generate well-

formed melodies without having to allocate working memory to form 

“intermediate” representations of the musical gestures they play in the course of 

their improvisations. Though Johnson-Laird’s arguments are founded upon 

generally accepted principles of capacity limits in cognition, the specification of 

an implicitly-regulated generative process in his model poses a conflict with 

some accounts of improvisational thinking in the pedagogical jazz literature, 

particularly assertions that the improviser’s primary means of originating 



 73 

musical ideas during performance entails forming prospective musical images 

(e.g., Coker et al., 1970; Gordon, 1989). Other writers have been more equivocal 

in proposing how musicians might represent their musical ideas, but in most 

accounts of improvisational thinking, the conceiving, or planning, of upcoming 

music is an integral part of the generative process (Berkowitz, 2008; Berliner, 

1994; Clarke, 1988; Kenny & Gellrich, 2002; Norgaard, in press; Pressing, 1984, 

1988).  

Johnson-Laird’s (2002) model attempts to resolve what he regarded as the 

computational problem of generating well-formed melodies at the note-to-note 

level. Arguably, his computational perspective is incommensurable with the 

more ecologically-driven viewpoints in other theoretical works about the 

improvisational process, a point he acknowledges in the paper. Still, the conflicts 

that arise with this topic illustrate the need to confront it, and to consider how 

the cognitive constraints on improvisational behavior might be resolved within 

the improviser’s ability to formulate and pursue musical ideas as they arise in the 

course of performance. Several writers have characterized the expert 

improvisers’ implicit knowledge of the repertoire and various conventions of 

jazz performance as the basis for their ability to focus primarily on “higher level” 

priorities of performance (Berkowitz, 2008; Pressing, 1998). The recognition of a 

hierarchy in the priorities of jazz musicians suggests a productive avenue for 

conceiving of improvisational behavior. 

Hierarchical principles in complex behavior 

Hierarchical frameworks are common in psychological literature, and 

often are used in theoretical models of complex behavior (Aarts & Dijksterhuis, 
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2000; Pacherie, 2008; Rhodes et al., 2004; Trope & Liberman, 2010; Vallacher & 

Wegner, 1987). In general, hierarchical frameworks portray complex behavior as 

composed of subsidiary acts in lower levels that are integrated and subsumed in 

the acts that identify the higher levels of behavior. In theory, any number of 

levels can be objectively identified for a given behavior, but the one performing 

the behavior is subject to constraints that determine which levels are accessible 

(Vallacher & Wegner, 1987).  

In their theory of action identification, Vallacher and Wegner (1987) 

distinguished between lower level action identities reflecting the “how” aspects 

of behavior, and higher level action identities reflecting the “why” aspects of 

behavior. A broader conceptualization of these same principles form the 

foundation for Trope and Liberman’s (2010) construal level theory. The authors 

contrasted low level construals representing concrete, idiosyncratic information 

with the “relatively abstract, coherent, and superordinate” representations of 

high level construals. Much like the distinction between a conscious intention and 

its subsidiary acts, high level construals are capable of “retaining central features 

and omitting features that by the very act of abstraction are deemed incidental” 

(Trope & Liberman, 2010, p. 441). 

In a hierarchical model of action control, Pacherie (2008) distinguished 

between proximal intentions that specify specific, near-term acts, and distal 

intentions for overarching goals that are detached from the current situation, and 

“leave indeterminate many aspects of the action” (p.184). One of the implications 

of this framework is that the acts represented within the subordinate levels of a 

goal-directed behavior do not have to be consciously specified (Moors & De 

Houwer, 2006). This has significant consequences for how actions are regarded, 
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and controlled, during skilled behavior. Pacherie (2008) described how “explicit 

awareness of the sub-goals” is not necessary during familiar actions, “even 

though in principle they are accessible to consciousness” (p. 199). These 

viewpoints align well with cognitive principles of proceduralization and 

automaticity in skilled behavior, as they illustrate a framework for goal-

dependent behavior to occur without direct, conscious mediation.  

An application of hierarchical principles in jazz improvisation is 

suggested by Norgaard’s (2008, in press) reference to sketch planning, a process he 

described as allowing expert jazz musicians to envision only the rough outlines 

of upcoming music as they generate their improvisations. The absence of 

subsidiary detail in sketch plans is consistent with Pacherie’s (2008) description 

of distal intentions. In this respect, a sketch planning process would be a 

mechanism that allows improvisers to focus on an overarching musical goal 

while an implicitly regulated process manages the assembling of the component 

features. The ability of improvisers to guide their performance with reference to 

distal intentions would depend on the extent to which their conscious attention is 

needed to control the actions that comprise the proximal levels. 

Concerns with previous research 

Norgaard (2008, in press) derived his findings from interviews he 

conducted with jazz musicians who had just finished performing an improvised 

solo. During the interviews, the musicians were provided with both an audio 

recording as well as transcribed notation of their solo so that they could describe 

their thought processes in reference to specific parts in the solo. In particular, 

when referring to specific events in the solo, Norgaard instructed the improvisers 
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to consider the question, “Where did that come from?” Ericsson (2003) observed 

a particular risk asking subjects to reason about why they responded in a 

particular way, as this question compels them to “go beyond any retrievable 

memory of their processes to give an answer” (p. 14). Arguably, a similar issue 

arises when using recordings of musicians’ improvisations to prompt their 

recollections of their thought processes, a method employed by Norgaard along 

with other investigators (Hargreaves et al., 1991; Mendonça & Wallace, 2004). 

The perceptions musicians have of their recorded performance can differ in 

consequential ways from their perceptions while they were actually performing, 

reminiscent of a phenomenon in the attribution of behavior that social 

psychologists have characterized as the actor-observer difference (Jones & Nisbett, 

1972; Pronin & Ross, 2006). Certainly, the opportunity for musicians to 

objectively evaluate their just-completed improvisations can stimulate insights 

that are informative to investigations, but these viewpoints may not effectively 

capture the dynamics of their thinking during the actual performance. 

Purpose of the current study 

My objective in this study was to investigate musicians’ consciously-held 

intentions for upcoming music during an improvised jazz solo. As part of this 

examination, I evaluated how improvisers with different levels of experience 

conceived of upcoming music during performance, and considered what their 

prospective representations implied about how they controlled their behavior. 

Further examination of how improvisers represent their musical intentions is 

justified in light of the methodological concerns I described above. In particular, I 

felt it important to determine whether the rationales jazz musicians give for their 
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thinking after examining their extant performances are consistent with the 

perceptions they have in the course of improvising. The protocol I used in the 

current study was designed to resolve the actor-observer issue while still 

allowing improvisers to characterize their thought processes concerning specific 

points in their solos.  

 

METHOD 

Participants 

Twenty-three instrumental musicians participated in the study (including 

5 females). Among them were 7 saxophonists, 6 trumpet players, 3 trombonists, 2 

pianists, 2 guitarists, 1 bassist, 1 violinist, and 1 flutist. At the time of the study all 

of the participants were either students pursuing music degrees or members of 

the jazz division faculty in the Sarah and Ernest Butler School of Music at The 

University of Texas at Austin. I made efforts to recruit participants with varying 

levels of expertise in jazz. The jazz performance experience reported by the 23 

participants ranged from 3 months to 37 years (Mdn = 7 years). Among the 

participants with the least improvisation experience were music students who at 

the time of the study were in the third month of an introductory jazz 

improvisation course; the most experienced participants had had extensive 

professional experience performing in the jazz idiom. 

I met with each participant individually in a single session that lasted 

approximately one hour. The protocol used in this study was approved by the 

Institutional Review Board at The University of Texas at Austin, and all of the 
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participants gave their informed consent to take part. I made video recordings of 

all of the experimental sessions. 

Experimental protocol 

In communications with the participants before the session I informed 

them that they would be expected to play a precomposed melody of their choice 

and then improvise a solo based on the 12-bar blues. I also advised them that 

they would have the option of playing in the key of either F major or B-flat 

major. Once participants arrived for the session, I gathered basic information 

about their musical background, including details of their experiences in jazz 

performance. I gave them time to set up and tune their instrument to a reference 

pitch, and then read the instructions for the task: 

After the two bar count-off, I would like you to play one chorus of the 12-
bar blues head you selected, and then begin improvising a solo along with 
the accompaniment track. At some point as you are playing, you’ll hear 
the recording stop. You should consider this your signal to immediately 
cut short your solo and begin describing what you were intending to play 
next had you not been interrupted. Just to be clear, I don’t want you to 
talk about what you were playing; I want you to tell me what you can 
about the music you were intending to play. 

All of the performances were accompanied by a prerecorded rhythm 

section track that I played through a portable stereo system. There were two 

tracks available depending on the key in which the participant chose to play. 

Each track featured a three-piece rhythm section (piano, bass, and drums) 

playing an accompaniment based on the 12-bar blues, one in the key of F major 

and the other in the key of B flat major (Aebersold, 1976). Both were played in a 

swing feel at a moderate tempo. 
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In order to prepare the participants for the unique requirements of the 

task, I gave them an opportunity to practice the protocol until they were 

comfortable with the procedure. This usually entailed three or four trials. In 

particular, I wanted them to become accustomed to cutting short their solo and 

giving their verbal report as soon as I stopped the accompaniment track, without 

any additional prompting. When necessary, I also used these practice trials to 

clarify the information I wanted them to address in their reports. Once I 

determined the participant was suitably familiar with the task, I began the 

experimental phase of the study. 

Stop signals 

I sought to collect three reports from each participant. I timed the first stop 

signal to take place at the end of the first chorus, just after they had finished 

playing the head and just before they began the improvised solo. I initiated the 

remaining two stopping points ad hoc, one during a break between phrases, and 

the other at a point in the middle of a phrase. The exact length of time that 

participants played preceding each of these final two stop signals varied, as I 

determined the timing based on my perception of the phrasing in their solos. 

Generally, though, I tried to allow 60-90 seconds to pass before I stopped their 

solo. After the participants finished giving each report, I resumed playing the 

accompaniment track from the point it had left off. Once each participant gave all 

three reports, the session was complete. 
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RESULTS 

I first reviewed video recordings I had made of all 23 sessions in order to 

assess the scope of the data and determine how to evaluate the reports. The 69 

total reports varied in length, as some participants were more expansive in their 

descriptions than others, and in some cases I asked follow-up questions. To 

isolate the data relevant to my interests in the study, I examined each response to 

identify statements that directly referred to characteristics of upcoming music. 

Because I had instructed participants to report on this aspect immediately upon 

the signal to stop playing, I found most of this content in their initial comments 

at the beginning of the report. Even in cases where participants gave lengthier 

responses, these typically consisted of an initial description of the upcoming 

music followed by general ruminations about their thought processes. Once I 

isolated these descriptions in each report, I transcribed them and proceeded with 

my analysis. 

Expert and nonexpert comparisons 

I had expected that jazz improvisation experience would influence how 

participants thought about upcoming music in their solos, and would be an 

important factor in the distribution of the responses. In order to examine this 

factor systematically, I divided the participants into two groups based on the 

number of years they had been playing jazz.5 An expert group comprised the 7 

participants who reported having 10 or more years experience improvising jazz. 

                                                
5 Clearly, the length of a person’s performance experience is an inadequate 
criterion for determining their skill in jazz improvisation, though expertise in 
music performance is associated with comparable benchmarks of experience 
(Ericsson, Krampe, & Tesch-Romer, 1993). I adopted this criterion here only to 
facilitate comparisons based on the experience factor.  
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The remaining 16 participants, all of whom reported having fewer than 10 years 

experience improvising jazz, were labeled the nonexpert group. The mean length 

of jazz performance experience among the participants in the expert group was 

20.71 years (SD = 8.73, Mdn = 21); among the 16 nonexperts the mean length of 

jazz performance experience was 4.81 years (SD = 2.68, Mdn = 4.5). 

Analytical framework 

My interpretation of the data was based on theoretical models that depict 

intentional behavior in hierarchical frameworks (e.g., Pacherie, 2008; Trope & 

Liberman, 2010; Vallacher & Wegner, 1987). In particular, a model of action 

specification by Pacherie (2008) was influential in my thinking, as this work is 

concerned with the phenomenal dimensions of performing intentional actions. In 

devising a framework for representing the differences among the responses, I 

considered the scale and the scope of the plans the musicians described, as well 

as the musical characteristics the plans referenced. As the content of the 

responses were descriptions for musical information, the primary considerations 

in my analysis were the specificity with which the upcoming music was 

described, and what the responses implied in terms of when those intentions 

would be realized. Based on these determinations, I classified each report as 

representative of one of the three main response categories: Proximal Intentions, 

Distal Intentions, or No Plan. To further illustrate differences in the content of the 

reports, I determined several subcategories for representing the musical 

characteristics referred to in each response. The three subcategories for proximal 

intentions were Individual Notes, Pre-formed Material, and Repetition or 

Development. The two subcategories for distal intentions were Pitch Sketches and 
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Rhythm Sketches. Table 4.1 shows the main category and subcategory assignments 

for each participant’s three reports. 

 
 Jazz 

Experience 
(Years) 

 Proximal Intentions  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Distal Intentions  
No 

Plan Individual 
Notes 

Pre-formed 
Material 

Repeat or 
Develop 

Rhythm 
Sketches 

Pitch 
Sketches 

N
O

N
EX

PE
RT

S 

0.5       

1               

1.5       

2               

2.5       

4               

4       

5       

5.5               

6       

6.5               

7               

7       

7.5       

8               

9               

 31% 21% 6% 4% 23% 15% 

EX
PE

RT
S 

11                   

14               

15               

21       

22       

25                     

37       

  10% 5% 10%  5% 57%  14% 

Figure 4.1:  Response category distribution.  

Each row contains the category assignments for the responses of one participant, 
depicted as bullet points. The columns depict the main categories and their 
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associated subcategories. First row of percentage data represents distribution of 
nonexpert reports; the second row represents the distribution of expert reports. 

Main response categories 

No Plan 

Reports assigned to the category No Plan were those in which participants 

stated they did not have a plan in mind for upcoming music. I also assigned 

responses to this category if I could not discern any intention or plan for 

upcoming music based on the content of the report. The following three 

responses are representative of those I assigned to the category No Plan: 

There, I was totally lost. Was trying to figure out what sounded good, and 
I didn’t know where I was, and it sounded like something, changed. Like 
to another key, and I don’t know if that really happened or if it was just 
me sounding bad. (Alto saxophonist, less than 1 year experience)  

Yeah, I wasn’t, I was losing some train of thought there. I was struggling 
to think of new lines, so I wasn’t thinking too far ahead at all at that point. 
(Trumpeter, 2 years experience) 

 I don’t really know what I was going to play at that point. I think that was 
going to be my pause to figure out what I was going to do. (Trumpeter, 15 
years experience) 

Proximal Intentions 

Reports assigned to the category Proximal Intentions contained specific 

details about the upcoming music. In distinguishing the responses in this 

category, I considered Pacherie’s (2008) viewpoint of proximal intentions 

containing a “definite representation of the action to be performed” (p. 185), as 

well as the qualification that the actions they specify are “anchored” in time to 

the current situation. In the reports I assigned to this category, participants often 

named the specific notes they were preparing to play, or described or sang an 

impending phrase.  
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Distal Intentions 

Compared with reports representing proximal intentions, the reports 

assigned to the category Distal Intentions contained descriptions for upcoming 

music in terms reflecting broader, more abstract characteristics. In distinguishing 

these responses, I considered Pacherie’s (2008) description of a distal intention as  

both conceptual and at least partly descriptive. Because many aspects of 
an intended action will depend on yet unknown or unpredictable features 
of the situation in which it is eventually carried out, the initial description 
of the type of action leaves indeterminate many aspects of the action. (p. 
184).  

Differences between groups in main categories 

There was a significant difference between nonexperts and experts in the 

distribution of the responses among the three main categories, χ2(2, N = 69) = 

8.34, p < .016, Cramér’s V = .348 (Figure 4.1). Of the 48 total reports given by 16 

nonexpert participants, 28 qualified as proximal intentions (58%), and 13 as distal 

intentions (27%). This relationship was essentially inverted for the 7 expert 

musicians. Thirteen of their 21 reports (62%) reflected distal intentions, and only 

5 (25%) were characteristic of proximal intentions. Nonexperts reported having 

no plan in seven of their responses (15%); experts did so in three (13%).  

Subcategories of proximal intentions 

Individual Notes 

Reports assigned to the subcategory individual notes contained 

descriptions of imminent plans to play specific notes. Fifteen of the nonexperts’ 

48 total responses (31%) were assigned to this subcategory, making it the largest 

subcategory for nonexpert responses. Only two of the experts’ 21 responses were 

assigned to this category (10%).  
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Sample responses: 

I know I was about to play B but I wasn’t thinking much more further 
ahead than that. Probably just B to C maybe repeatedly, or go up, for just a 
few beats. (Flutist, 1 year experience) 

I was playing, in my key, a C-sharp, and I was going to suspend it across 
the bar, but I knew that it would conflict with the chord in the 2nd bar, and 
in some sense I was aware of that, and knew I would have to get off the 
note by the second bar. (Tenor saxophonist, 6½ years experience) 

Pre-formed Material 

Reports assigned to the subcategory pre-formed material contained 

descriptions of imminent plans to play specific gestures, typically a practiced lick 

or musical quotation. Nonexperts referred to pre-formed material in 10 of their 

48 responses (21%); only 1 of the 21 expert responses fell into this subcategory 

(5%). 

Sample responses: 

I was going to play a lick that I had tried playing last night, and I did half 
of it, just then. And I was like, wait, I remember the other half, so I was 
going to try it and see if it sounded good. (Alto saxophonist, less than 1 year 
experience)  

I wanted to go into this line, I kind of saw in my head, it’s one of the licks 
that I already know, it’s a really cool sounding ii-V lick. (Tenor saxophonist, 
5½  years experience) 

I definitely would have done this [plays], because I figure if you play a 
Charlie Parker head you should maybe start with a Bird quote. (Bassist, 21 
years experience) 

Repeat or Develop 

Reports assigned to the subcategory repeat or develop contained 

descriptions of plans for extending or elaborating the current or just-completed 
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musical material. Only 3 of the nonexperts’ 48 responses (6%) were in this 

subcategory, as were 2 of the 21 responses (10%) given by expert participants. 

Sample responses: 

I was just going to keep that trill going, maybe changing one or two notes 
just to fit the chords, the same sort of fast motion, but not changing range. 
(Pianist, 2½ years experience) 

I was thinking about continuing that [sings phrase] and following that up 
with some variations. (Trumpeter, 7½ years experience) 

Subcategories of distal intentions 

Pitch Sketches 

Reports assigned to the subcategory pitch sketches made reference to the 

melodic or harmonic characteristics of upcoming music, but did not contain 

specific details about the content or when events would occur. Eleven of the 48 

(23%) responses by nonexperts were assigned to this subcategory. Twelve of the 

21 (57%) responses by experts were assigned to this subcategory, making it the 

largest subcategory for their responses. 

Sample responses: 

I was probably going to have a bluesy chorus, that’s what was going 
through my mind. (Tenor saxophonist, 6 years experience) 

I was kind of in the middle of playing some altered notes, and aside from 
that I’m not sure what was ahead. I was thinking of the idea of altered 
notes. (Trumpeter, 15 years experience)	  

Rhythm Sketches 

Reports assigned to the subcategory rhythm sketches made reference to 

the rhythmic characteristics of upcoming music, but did not contain specific 
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details about the content or when events would occur. Only 3 of the 69 responses 

mentioned rhythm sketches, 2 by nonexperts and 1 by an expert. 

Sample responses: 

That time I was just trying to play 8th notes in general. (Violinist, 1½ years 
experience) 

At that point in time I was kind of gearing up to play with rhythm... I was 
either going to go for something in triplets or maybe even the 16th level. I 
felt like I needed to get a gesture that was fast. (Guitarist, 37 years 
experience) 

 

Effects of stop signal timing on responses 

Recall that I predetermined criteria for the timing of each participant’s 

three stop signals: one to occur in the moment before their improvisation began, 

another at a break between two phrases, and a third to occur in the middle of a 

phrase. In my subsequent review of the responses, I did not detect any 

relationships between the timing of the stop signal and the content of the verbal 

reports. Consequently, I did not examine this factor further. 

 

DISCUSSION 

Across a range of sensorimotor skills, extensive practice grants individuals 

the ability to execute the routine, or step-by-step, components of behavior with 

little or no demands for consciously mediated control, a capacity regarded as a 

hallmark of proceduralized skills (e.g., Beilock, Carr et al., 2002; Gray, 2004). My 

findings in this study complement those reported in Chapter 3, and provide 

further evidence of the proceduralized basis of action control during skilled 

improvisation. Here, I examined how musicians with varying degrees of 
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experience in jazz conceived the upcoming music in their improvised solos, and 

what their plans might reveal about how they controlled their behavior. The 

majority of responses by participants with at least 10 years of jazz experience 

referenced upcoming music only in terms of its abstract outlines, suggesting their 

limited awareness of the specific, low-level components of their upcoming 

actions. The majority of responses by participants with fewer than 10 years of 

jazz experience made specific references to the impending notes and pre-formed 

phrases. The explicit detail in their responses reveals their efforts to assert control 

at a lower level of the activity.  

Prospective amnesia 

Beilock, Wierenga, and Carr (2002) referred to the absence of component 

features from experts’ retrospective reports as expertise-induced amnesia, 

describing how “high-level performance that is not controlled via the conscious 

mechanisms of working memory may be largely closed to explicit representation, 

retrieval, and report” (p. 1212). Though the improvisers spoke about upcoming 

events rather than recounting past ones in this experiment, there is evidence that 

mental simulations of future events share the same neural substrates as episodic 

memory for past events (Schacter, Addis, & Buckner, 2008). The phenomenon of 

impoverished episodic memory for highly skilled behavior might correspond 

with a similar lack of explicit detail in the plans for future actions. If so, this 

experience of “prospective amnesia” would not only account for the absence of 

musical detail in the distal intentions, it would also explain the No Plan 

responses by two of the most experienced participants. The proceduralized basis 

for generating music assures these improvisers of a consistent and well-formed 
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musical output even when an explicit plan is not in place. Consider the 

comments by one of these musicians in reference to his No Plan response:  

I had no clue about when I would start the next thing. But again, I had no 
fear about the situation. I had no plan, but it didn’t bother me that I didn’t 
have a plan. I trusted that something would come in. (Guitarist, 37 years 
experience) 

The ability to generate musical sequences without having to consciously 

render them in advance enables improvisers to focus their attention on other 

priorities, such as assessing the broader implications of their musical activity, or 

keeping track of how many times someone poked them in the back as they play. 

In turn, the absence of specific detail in the musical intentions of skilled 

improvisers is indicative of the flexibility the generative process can preserve. As 

Djiksterhuis and Aarts (2010) write, “When goals guide attention in good balance 

between focus and flexibility, the person can unconsciously execute individual 

action sequences that capture the essential structure of the skill and adjust to 

changes in circumstances” (p. 483). 

The perils of proximal intentions 

Considered with the results reported in Chapter 3, the findings in this 

study cast further doubt on suggestions by some writers that experienced jazz 

musicians rely upon a process of prospective musical imagery, or “pre-hearing,” 

to originate their ideas while improvising (e.g., Coker, 1964; Gordon, 1989). 

Within the classification system I applied in the current study, such a process 

would call for a mode of action selection based in proximally oriented intentions. 

Proximal intentions specify actions that are imminent, anchoring plans to the 

current situation (Pacherie, 2008). An improvisational process contingent on 

musicians’ forming explicit mental images for upcoming music would impose 
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strict boundaries on the musicians’ temporal awareness, and limit the flexibility 

and spontaneity that a more implicitly rendered process might support.  

The effects of focusing attention on the proximal levels of the 

improvisations were especially evident in the reports of the least experienced 

participants in the study. Unlike the more seasoned improvisers, the novices 

lacked a reliable means of generating music other than an inefficient process of 

selecting and assessing their actions on a step-by-step basis. Consequently, the 

plans conceived by the most novice participants were extremely limited in scope, 

or, in some cases, nonexistent.  

Conclusion 

The subsidiary components of musical ideas were largely unrepresented 

in the plans reported by the experienced improvisers in this study, providing 

further evidence of the sketch planning process that Norgaard (2008, in press) 

observed in the improvisational thinking of expert jazz musicians. The absence of 

specific detail in the musical intentions of skilled improvisers is consistent with 

the operations of a system optimized for generating a well-formed musical 

output at the lowest possible cognitive cost. The efficiency of this system would 

enable skilled improvisers to reserve conscious resources for focusing on other 

priorities. In the current study, I inferred this efficiency from the abstract nature 

of experienced improvisers’ intentions for upcoming music. 

It should be emphasized that the musicians in the two studies described 

thus far improvised their solos along with prerecorded accompaniment. The 

accompaniment tracks functioned as a referent for the solos, but precluded the 

musical interactivity that distinguishes ensemble performances in jazz. Pressing 
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(1988) observed that the efficiency of the generative process is a prerequisite for 

flexibility and spontaneity, including the improviser’s ability to respond to and 

interact with other musicians in the ensemble. The methods I have employed 

thus far have precluded consideration of the implications of these interactions, 

and the potential for interaction, in improvisers’ thinking. I investigate these 

implications in the next study.  
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Chapter 5 

 Study 3: Perceptions and priorities of jazz musicians during 
collaborative performance    

In the previous chapter, I examined how musicians with different levels of 

jazz performance experience conceive of upcoming music as they improvise 

melodic jazz solos. I found that participants with less experience were concerned 

with the smaller-scale, component elements of upcoming music, often making 

specific references to the pitches, patterns, or gestures they intended to play. This 

was in contrast with the more experienced participants, whose characterizations 

of upcoming music contained few or none of its specific features. Experts’ 

accounts implied that they conceived of upcoming music in terms of its broader 

attributes and implications, consistent with the process Norgaard referred to as 

sketch planning (Norgaard, 2008, in press). The differences I observed between the 

expert and nonexpert improvisers align well with Pacherie’s (2008) theoretical 

framework, in which she addressed the relationships between actions and the 

intentions that give rise to them. Using her classifications, the nonexpert 

improvisers tended to specify their upcoming actions in the form of proximal 

intentions, whereas experts were more likely to specify theirs in the form of distal 

intentions. Taken together, the results in both previous experiments lend 

empirical support to the proposition that experienced improvisers allocate less 

attention to the component, surface features of the music as they generate it than 

to their pursuit of more abstract, longer-range goals (Berkowitz, 2008; Johnson-

Laird, 2002; Kenny & Gellrich, 2002; Pressing, 1984, 1988).  
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Collaborative jazz performance 

Expertise in jazz improvisation clearly hinges on more than the efficiency 

of the process used to generate well-formed musical gestures. It is in the way that 

expert jazz improvisers apply this capacity in their pursuit of more ambitious 

performance goals that appears to distinguish artist-level players from aspirants. 

In the modern jazz idiom, artistry is widely perceived in musicians’ ability to 

thrive in small ensemble settings, as these represent the predominant contexts for 

performance. Ensemble performances in jazz are interactive and collaborative, in 

the sense that the musicians create their parts in a coordinated effort to present a 

coherent rendition of the tune being played, and maintain its formal and musical 

structure while engaging in spontaneous interplay (Berliner, 1994; Monson, 

1996).  

Collaboration and interplay are central to the activities of musicians in the 

jazz rhythm section, typically comprising a pianist, bassist, and drummer. When 

they are not soloing themselves, members of the rhythm section improvise an 

accompaniment for the soloist. Among the main musical functions served by the 

parts they create include articulating the metric pulse, and, for the pianist and 

bassist, providing a harmonic reference for the soloists in the ensemble (Monson, 

1996). Conventions of performance practice impose certain constraints on the 

form of these accompaniment parts, but in general permit a great deal of 

elaboration, spontaneity, and interplay.  

Cognitive implications of collaborative performance 

In order for musicians in a jazz ensemble to interact during performance, 

the musicians have to perceive each other’s activities. Monson (1996) makes this 

point clear: 
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The ongoing process of decision-making that takes place in the ensemble 
perhaps explains why musicians often say that the most important thing is 
to listen. They mean it in a very active sense: they must listen closely 
because they are continually called upon to respond to and participate in 
an ongoing flow of musical action that can change or surprise them at any 
moment. (p. 43) 

The emphasis on mutual awareness among members of the jazz ensemble 

has significant implications from a cognitive perspective. Berliner (1994) notes 

that the focus of musicians in ensemble contexts is subject to their “constantly 

fluctuating powers of concentration, the extraordinary volume of detail requiring 

them to absorb material selectively, and developments in their own parts that 

periodically demand full attention” (p. 362). In light of the limits of attentional 

capacity, the ability for improvising soloists to closely monitor both their own 

solos and the parts of other musicians in the ensemble would seem to require 

ongoing adjustments in processing. The same constraints should not be assumed 

to apply for the musicians accompanying the soloist, however. It is possible that 

stricter constraints on the formats of the accompaniment parts in mainstream 

practices would alleviate some of the cognitive demands of generating them, 

allowing accompanists greater flexibility in how they allocate their attention. The 

implicit primacy of the soloist’s part represents an important consideration in the 

dynamics of attention in ensemble performance, as the spontaneous musical 

activities of the soloist tend to direct the accompanists’ priorities in highly 

interactive contexts. 

The musicians’ priorities are also influenced to some extent by the 

practices associated with the instruments they play. In collaborative 

performances, musicians achieve a “shared sense of musical style” (Monson, 

1996) through a composite of distinct instrumental parts. The knowledge of 
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experienced jazz musicians is in this sense instrument-specific, a point reinforced 

by proponents of embodied perspectives of improvised music (Borgo, 2005, 2007; 

Gibson, 2006; Iyer, 2002, 2004; Pressing, 2002b). As Gibson (2006) writes, “the 

way in which musicians approach improvisation is, to a significant extent, 

affected by the instrument they play, so that the experience of improvisation is 

specific to the instrument being used” (p. 180).  

Existing research  

In most of the existing experimental studies of cognition in music 

improvisation, investigators examined musicians’ unaccompanied performances 

of melodic solos (Berkowitz, 2008; Berkowitz & Ansari, 2008; Hargreaves et al., 

1991; Limb & Braun, 2008; Norgaard, 2008, in press). The thinking of improvisers 

in collaborative performance settings has received very little empirical scrutiny. 

In an unpublished study, Mendonça and Wallace (2004) recorded narrative 

commentaries of jazz musicians from three duos as they watched videos of 

performances they had just completed. Mendonça and Wallace gave only 

passing consideration to the implications of the collaborative context in their 

analysis, focusing instead on the individual musicians’ “reasoning about time,” 

and production of musical ideas. In addition, the unpublished manuscript 

contains only a partial analysis of the results, making it difficult to draw 

conclusions from this work.  

A study by Seddon (2005) appears to be the only published work to date 

that directly investigated the collaborative dimensions of thinking in jazz 

performance. Seddon examined video recordings of a student jazz sextet over 

several rehearsals and a subsequent performance, and conducted a qualitative 
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analysis to identify the form and function of the verbal and non-verbal 

communications that he observed. The non-verbal exchanges included musical 

cues, as well as students’ body language, facial expressions, and eye contact. 

Seddon’s analysis yielded a framework for what he referred to as empathetic 

creativity, of which a key component is the level of attunement among individuals 

during creative collaboration. He distinguished between a level of sympathetic 

attunement, in which the players’ focus is on matters related to the cohesiveness 

of the performance, and a level of empathetic attunement, in which “an atmosphere 

of trust allows for creative risk-taking” (p. 58). Seddon suggested that empathetic 

attunement is a condition for optimal performance in ensemble jazz, and the 

basis for “the production of spontaneous musical utterances” that exemplify 

empathetic creativity. 

Methodological issues 

Seddon (2005) derived his findings by observing and interpreting video 

recordings of musicians’ activities; otherwise, much of what we understand 

about the thinking of jazz improvisers is derived from their self-reflections. The 

ethnographic studies by Berliner (1994) and Monson (1996) represent two of the 

more prominent scholarly works that utilized interview data extensively in 

reaching conclusions about improvisational thinking. In most of their interviews, 

however, the musicians spoke about improvisation in general terms, or 

recollected performances that had taken place years earlier. Other investigators 

have attempted to obtain more contemporaneous data through protocols in 

which jazz musicians give retrospective reports immediately following 

performances (Hargreaves et al., 1991; Mendonça & Wallace, 2004; Norgaard, 
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2008, in press). In addition to confining musicians’ descriptions to specific 

performances, retrospective reports that are close in time to the events they 

describe are believed to be more reliable than are recollections of more distant 

events (Ericsson, 2003; Sloboda, 1985). A potential limitation in these studies, 

however, lies with the fact that the musicians were provided with recordings of 

their just-completed performances to refer to in their accounts. As I noted in the 

previous chapter, it is possible that after listening to the recordings, the 

musicians’ perspectives were qualitatively different from the perspectives they 

had while they were playing.  

Purpose 

Despite the importance of collaboration and interplay in the 

improvisational practices of modern jazz, the cognitive implications of 

performing in ensemble settings have received little systematic scrutiny. My 

objective in this study was to investigate the thought processes of two expert jazz 

musicians during collaborative performances, using a methodology devised to 

promote greater reliability in verbal reports than in previous research. In 

particular, I sought to compare the musicians’ individual perceptions of the 

performance by marking specific moments of interest for them to refer to in 

subsequent reports.  

 

METHOD 

The two participants in this study were a pianist and string bassist, both 

accomplished jazz musicians with extensive professional experience. They were 

also very accustomed to playing together, with more than ten years of regular 
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collaborations in clubs and concert settings. The study took place in a single 

session lasting approximately 2 hours, during which the musicians selected and 

performed six tunes together. I asked them to select tunes that were very familiar 

to both of them, and asked that they both play improvised solos in each of the 

performances. The musicians followed a similar overall arrangement in all six 

performances. After a brief introduction, the pianist played a rendition of the 

tune’s melody (the “head”) while the bassist played an accompaniment. The 

head section was followed by each musician playing one or more solo choruses 

while the other accompanied him, then a restatement of the melody (the “out-

chorus”), in some cases concluding with an ad lib coda. This arrangement 

represents a customary approach to playing compositions drawn from the 

standard jazz repertoire. By tacitly adopting this plan, once the musicians agreed 

on a tune to play, they did not need to discuss any additional details concerning 

the organization of the performance. 

Signal markers 

In order to consider the musicians’ thought processes in reference to the 

same musical events, I devised a method of marking specific points of interest 

during the performances. Four times during each tune, I triggered a bell sound 

through a pair of wall-mounted speakers in the room. I explained to the 

musicians that these signals would identify moments in the performance that 

they should specifically describe when giving their reports. 

The use of signals as a means of prompting reports about awareness and 

“inner” experience is the basis for certain methods of psychological research, 

including descriptive experience sampling (Csikszentmihalyi & Larson, 1987; 
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Hurlburt & Akhter, 2006) and ecological momentary assessment (Shiffman, Stone, & 

Hufford, 2008). In advocating the benefits of these methods, Hurlburt and 

Heavey (2004) suggested that marking “a precise moment in a stream of ongoing 

awareness has the potential to reveal aspects of awareness that were previously 

unrecognized because…these aspects existed only for a fleeting moment” (p. 

117). It should be noted that the reliability of introspective reports has been 

challenged both in general principle (e.g., Nisbett & Wilson, 1977), and 

specifically with regard to examinations of cognition in jazz improvisation 

(Kenny & Gellrich, 2002; Seddon, 2005). As I have stated previously, additional 

concerns have been raised regarding accounts of experience derived 

retrospectively, particularly when participants are asked to reason about their 

rationale for a particular response, or when the reports are given long after the 

experiences they describe (Ericsson, 2003). I sought to accommodate some of 

these concerns by having the musicians give their accounts immediately after 

completing each tune. Additionally, in my instructions, I clarified the nature of 

the information I wanted the musicians to address in their reports:  

This information might include descriptions of what you were aware of, 
what you were thinking about, or what you were paying attention to at 
the time you heard the signal. Sometimes these kinds of thoughts are easy 
to describe, particularly when you can recall focusing on something in 
particular. Other times, you may find this information harder to describe; 
perhaps because you were not focusing on anything in particular when 
the signal sounded, or you may not be able to recall what you were aware 
of at the time. If this is the case, please say so.  

Signal timing 

I determined the timing of the four signals in each tune as the 

performances unfolded. My decision to mark a particular moment with a signal 
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reflected two main criteria: the musicians’ place within the formal organization 

of the tune, and my perception of specific activity in one or both musicians’ 

parts. Within the jazz idiom represented in this study, the chorus section of the 

tune serves as the large-scale unit of organization for the performance, defining 

the boundaries for most of the major sections and transitions in the arrangement. 

I was interested in how the musicians’ perceptions of the performance might be 

affected by their proximity to these places in the form, so I cued 12 of the 24 

signals near one of these chorus boundaries. Of these 12 signals, 11 occurred 

during a bass or piano solo, and one occurred near the end of the opening 

melody statement, just before the pianist played a solo break.   

I cued the remaining 12 signals in reference to spontaneous activity that 

transpired during the performance, irrespective of the musicians’ proximity to 

the chorus boundaries. These signals often marked points where I observed some 

sort of conspicuous interplay or exchange between the musicians, either ongoing 

or just passed. I was interested in the musicians’ perspectives of these moments, 

and how their role at the time (i.e., soloist or accompanist) might inform their 

perceptions of the musical activity. Of these 12 signals, 10 occurred during a bass 

or piano solo, and 2 occurred during the closing melody statement of different 

tunes. 

Altogether, I cued 21 of the 24 signals during improvised solos, including 

15 during piano solos and 6 during bass solos. This distribution was largely 

circumstantial, as the pianist soloed proportionately more than the bassist. In 

addition, the more overt interactions that I observed occurred during the piano 

solos.  
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Initial commentaries and secondary accounts 

Immediately upon the completion of each tune, the musicians moved to 

separate areas of the room and used handheld digital video cameras to record 

their recollections about the four points of interest in the performance when the 

signals were sounded. While they gave these initial commentaries, I played a 

masking sound over loudspeakers in the room to prevent the musicians from 

overhearing each other’s descriptions. During this part of the procedure, I was 

able to observe but not hear the musicians during the commentaries.  

After they both completed their initial commentaries, I played back four 

audio excerpts from an audio recording of the performance they had just 

completed, each excerpt containing 15-20 seconds of the music leading up to each 

signal. After listening to an excerpt, the participants recorded a second account 

of their recollections for that signal. In my instructions, I suggested that they 

consider these secondary accounts an opportunity to either confirm or amend 

what they had reported in their initial commentaries.  

Upon completing their secondary accounts for the four excerpts, the 

musicians returned to their instruments and chose the next tune. This same 

procedure was followed for all six of the tunes they played. Once the musicians 

finished recording their recollections for the last tune, the session ended.  

 

RESULTS AND DISCUSSION 

I derived my analysis and conclusions primarily from the content of the 

musicians’ initial commentaries. These commentaries were recorded 

immediately after each tune, and they contained the participants’ recollections of 

the four target signals that occurred during the performance. To facilitate my 
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analysis, I divided the transcripts of the initial commentaries into separate 

reports, each containing the musicians’ complete description for one of the 

signals in the tune. Organizing the data in this way made it easier to directly 

compare the two musicians’ reports for the same signals. The pianist’s six 

commentaries contained reports for all 24 signals. The bassist’s commentaries 

contained reports for 23 signals (in one of the commentaries the bassist referred 

to only three of the four signals).  

For the remainder of the chapter, I refer to specific signals using two 

numbers, the first representing the tune in which the signal occurred, and the 

second indicating when the signal took place in the sequence of four signals. 

Using this system, the third signal in the second tune would be identified as 2.3. 

The transcribed reports, details of the six tunes, a chronology of events in the 

arrangement, and descriptions of the musical activity at the time of the signals 

are included in the Appendix. 

Reliability of the initial reports 

 My analysis of the verbal data hinged on the musicians’ ability to 

recollect the signals and the musical events surrounding them. To establish the 

reliability of the reports in the initial commentaries, I compared them to the 

secondary, excerpt-based accounts. In some cases, I sought additional 

corroboration for the musicians’ descriptions by referring to the audio recordings 

of the performances.  

The musicians frequently qualified their initial commentaries with 

concerns for the accuracy of their memory, though in most cases they were able 

to confirm their recollections once they heard the recorded excerpts of the 
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performance. Still, there was some evidence of inaccuracies in the initial 

commentaries. Both participants identified two signals they were unable to 

specifically recall. For the pianist, these signals occurred in separate tunes, both 

during a piano solo (3.1, 6.4). For the bass player, the signals occurred during the 

same bass solo (2.3, 2.4). Both musicians were aware these signals occurred 

during their solos, but were not able to provide any details of their thinking in 

these moments.  

The bassist described only three signals in his initial commentary for the 

third tune. After I reviewed the recording of the performance, I concluded that 

the description he associated with the second signal was more likely an account 

of events near the third signal. I found other evidence that the musicians 

misremembered the timing of certain signals. When he listened back to the 

performance excerpts in the secondary reports, the pianist realized that he had 

misremembered the timing of two signals in his initial reports (2.2, 3.2). In both 

cases, he recollected musical activity that had taken place at a different point 

during his solo.  

The report transcriptions in the Appendix are annotated with details of 

the discrepancies just described. Aside from these cases, the musicians’ initial 

commentaries were generally consistent with their secondary, excerpt-based 

accounts. This indicated that the musicians could recollect events from their just-

completed performances without referencing recordings or transcriptions of 

what they played, and that I could use the musicians’ initial reports as the basis 

for my analysis.   
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All ears on the solo  

The level of detail contained in the musicians’ reports varied, as did the 

kinds of musical activities they described. In evaluating the reports, I considered 

what the musicians’ perspectives signified about their priorities and goals, and 

how their attention was allocated to pursue them. I was particularly interested in 

how the musicians’ perceptions of the performance might have been affected by 

their role as the accompanist or soloist, and by the implications of the specific 

musical activity when the signals occurred.  

As I examined the reports for signals that occurred during improvised 

solos, I observed that descriptions of these points from the soloist’s perspective 

focused almost exclusively on aspects of their own performance, whereas almost 

every one of the accompanist’s reports (when the bassist was accompanying the 

pianist and when the pianist was accompanying the bassist) referred to the 

soloist’s part. These disparities in focus are a clear demonstration of the primacy 

ascribed to the soloist’s part by both musicians. This was somewhat expected; the 

improvised solo is conventionally recognized as the principal musical part in a 

collaborative jazz performance. That said, the almost total absence of references 

to the accompanist’s part in the soloist’s commentaries was somewhat 

surprising, especially considering portrayals of the musical interplay in jazz as 

reciprocal, even conversation-like (e.g., Berliner, 1994; Monson, 1996). As a 

knowledgeable observer throughout the session, I saw or heard nothing to 

suggest the disparities in the reports reflected any disinterest or detachment by 

the musicians. On the contrary, I perceived two highly skilled musicians who 

were genuinely invested in the performance, and whose collaborative efforts 

conveyed a great deal of mutual sensitivity. This sensitivity was almost certainly 
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enhanced by the participants’ lengthy association as performers. In fact, the 

musicians’ implicit awareness of each other’s musical predilections may explain 

why certain aspects of their collaboration and interplay were left unstated in the 

reports.   

Signals associated with performance boundaries 

Twelve of the 24 signals occurred near the end or soon after the beginning 

of a chorus section in the performance. I found the timing of the signals in 

relation to these formal boundaries to be a prominent factor in the musicians’ 

reports. The following sets of reports are from two different tunes, but relate in 

both cases to a signal that occurred shortly after the beginning of the piano solo 

(1.1, 5.1). In both of his reports, the pianist referred to characteristics of his 

phrasing, while the bassist described assessing the stylistic feel being established 

in the piano solo in order to determine a complementary approach in his own 

part. The musicians’ priorities at these points appear to have promoted 

differences in their level of awareness of the performance. The pianist’s 

descriptions indicate a more proximally oriented focus, directed toward the 

compositional implications of individual phrases. In contrast, the priorities 

reflected in the bassist’s reports suggest a more comprehensive awareness of the 

unfolding musical activity. 

Signal 1.1: Piano solo (1st solo chorus, m.5, shortly after the start of solo)  

PIANIST: OK, so for the first signal I was into the beginning of the solo 
and I was thinking about the pacing of the solo and how long my phrase 
was going to be. And right at that moment I was holding up and ending 
the phrase a little shorter than I thought.  

BASSIST: The first ding, I think, was right at the beginning of [the 
pianist’s] solo, and I was deciding at that point whether or not I was going 
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to go into a walking bass line, or stay in a busy 2, which is what I was 
doing on the head. So I was listening to the way [the pianist] was playing 
his phrases and it sounded pretty “bop” to me, pretty fluid, so I figured I 
would just bust into walking, so that’s kind of what I was doing up to that 
point. 

Signal 5.1: Piano solo (1st solo chorus, m. 4, shortly after the start of solo) 

PIANIST: The first signal came right when I was wrapping up the 
development of my second phrase. I was thinking about [inaudible] my 
second phrase, the first iteration of it, so I was thinking about, ok, let’s let 
that motive finish itself out, finish out an answer and then now it’s time to 
move on to something else. 

BASSIST: The first signal, uh, was, kind of at the beginning of [the 
pianist’s] solo if I remember, and what I was thinking there was, I was 
listening of course to how he was playing and I was trying to decide if I 
wanted to go into a walking three or keep it as sort of a Scott LaFaro, Bill 
Evans ‘three’ based on how [the pianist] played, and the way he was 
playing was pretty broken and fragmented so I kind of kept it that way. 

Points where the musicians’ priorities and awareness were more aligned 

occurred as they approached the end of choruses, at which point the players 

became alert to the musical signals for impending transitions. This is 

demonstrated in the next set of commentaries, in which the musicians described 

a signal that occurred near the end of a bass solo.  

Signal 3.4: Bass solo (solo chorus, m. 43, approaching the end of the solo) 

PIANIST: I believe the last one was near the end of the bass solo, about 4 
bars before, and I was thinking about how that solo’s going to end and 
whether the melody was going to return at the end of the section.  

BASSIST: Then the other was at the end of the bass solo and right at that 
point I was deciding, ok, I’m just going to do one chorus and I’m going to 
make it really clear to [the pianist] musically that I’m wrapping it up so I 
kind of played a descending, maybe like an E-flat, I can’t remember 
harmonically what I did but I played some sort of descending line and 
then when I got to the last ii-V before the upcoming chorus I played 
something really low and descending so he could really tell I was headed 
down to playing bass again, which is a pretty common bass trick. 
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As the bassist indicated in his report, logistical information can be 

exchanged effectively through musical gestures. In addition to communicating 

an intention to end a solo, soloists can use musical activity to communicate their 

intention to extend the solo for another chorus. I cued seven signals as the 

musicians approached chorus boundaries during piano solos (1.2, 1.3, 3.2, 3.3, 

5.2, 6.2, and 6.3). Two of these signals (1.3, 3.3) occurred near the end of the last 

chorus of the piano solo; the remaining signals occurred near the end of a middle 

chorus of the solo. In three of the pianist’s reports for these middle chorus 

endings (1.2, 5.2, 6.3), he described his intentions to build momentum or energy. 

Conversely, in reference to the two signals that occurred near the end of his solo, 

the pianist described his plans to “wind down” (1.3, 3.3). Although the pianist 

did not specifically characterize his intentions to communicate his plans to the 

bassist, he was likely aware this information would be implicit in his actions. 

Experienced jazz musicians are sensitive to the logistical implications of the 

chorus boundaries, and recognize the various methods used to communicate 

their intentions musically.  

Signals associated with spontaneous musical activity 

In addition to the signals near the chorus boundaries, I cued 12 signals in 

reference to specific activity that transpired in the musicians’ parts. Often, these 

signals marked points where I perceived some kind of overt musical exchange or 

interplay. I was interested in the extent to which these events were also salient to 

the musicians, and how they perceived the events and their own role in them. I 

cued two signals shortly after a soloist had played a particularly striking gesture, 

one during a piano solo (4.2) and the other during a bass solo in the same tune 
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(4.3). It was evident that these events were conspicuous to the musicians; both 

the soloist and accompanist alluded to these gestures in their reports. The 

accompanists’ commentaries in both reports describe their efforts to ensure 

stability, the bassist by reinforcing the time feel (4.2), and the pianist by leaving 

space in his accompaniment (4.3).  

Signal 4.2: Piano solo (2nd solo chorus, m. 15, shortly after conspicuous activity) 

PIANIST: At the next one I was just looking for a way out of [laughs], sort 
of out of the run that I had created so I had a descending line going and I 
was just thinking about let’s get to a landing place, where am I going to 
land, and, not really looking for a particular pitch, just thinking about 
where my hand might run out and where I might be able to bring that line 
to a consonant point.  

BASSIST: Then the next signal was kind in the middle of his solo and I 
remember that I was just about to go with him rhythmically on this sort 
of, fast pattern that he was playing and then I kind of felt that we were 
going to lose the time so right when that signal hit I remember that he was 
playing something kind of frantic and really crazy so I just kind of started 
walking really hard at that point, to sort of bring back the time.  

Signal 4.3: Bass solo (2nd solo chorus, m. 15, shortly after conspicuous activity) 

PIANIST: And the third one, [the bassist] had a fast triplet cross-rhythm 
going, and I was trying to get out of the way of that, my basic thought was 
stay out of the way, and then when can I get back in to, gracefully, to add 
something to that, and kind of let him almost finish that out before he 
came back in and then I brought a chord back in right around the time of 
that ding. 

BASSIST: The next signal was a similar situation but it was during my 
solo. I was kind of playing something crazy and a little arrhythmic and 
fast, and he was just kind of comping really lightly, and just kind of 
holding onto the time. So I remember at that signal I was kind of playing 
around with the beat a little bit and kind of, making the beat a little more 
elastic and letting [the pianist] just kind of hold down the time. 

As the previous sets of commentaries illustrate, conspicuous activity in the 

soloist’s part can directly precipitate a response from the accompanist. Similar 
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exchanges are described in the bassist’s reports for signals 2.2, 3.1, and 6.4, all of 

which occurred during piano solos. I observed these moments to be particularly 

climactic and intense, and my decisions to mark these points were based on my 

perceptions of overt interplay between the musicians. Interestingly, the pianist 

misremembered the timing for one of these signals (2.2), and was unable to recall 

any details for the other two (3.1, 6.4). Perhaps this indicates the pianist’s deeper 

absorption in his performance at these moments, limiting his ability to process 

information not directly relevant to his intentions. 

Hooking up  

An intriguing aspect of interactivity in the performances concerns the 

origins of the musical exchanges. In the examples I just described, the 

accompanist’s response was clearly precipitated by the activity in the soloist’s 

part. Other instances of conspicuous interplay are harder to attribute. I observed 

that the bassist’s occasional use of pedal points in his accompaniment seemed to 

be a factor in several interactions (3.1, 3.3, 5.4, 6.2). In the following set of reports, 

the pianist recounted his thinking concerning a harmonic turnaround at the end 

his first solo chorus, noting the pedal point played by the bassist at the time.6 The 

bassist described using the pedal point as a neutral foundation so that he could 

hear how the pianist would address the harmony for the turnaround. Both 

musicians commented positively on the musical effect resulting from this 

interaction. 

                                                
6 The pianist’s description for signal 6.2 was one of only two reports in which the soloist 
described specific activity in the accompanist’s part; the other was the bassist’s report for signal 
4.3. 
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Signal 6.2: Piano solo (1st solo chorus, m. 31, approaching the end of a chorus 

within the solo, bassist playing pedal point) 

PIANIST: I believe the second ding happened in the last few bars of the 
tune where I was deciding what, right before that I hadn’t made a 
commitment as to what turnaround to play, which was kind of a 
substitute Bb major, B major, C major, B major, so I was in the middle of 
executing that, and I’m pretty sure the bass was playing an F pedal 
against that so that worked out pretty well. 

BASSIST: And the next signal was at the very end of [the pianist’s] first 
chorus and I was pedaling on F so I could hear what he was doing 
harmonically. Like I said at the end of the form a lot of times that’s what 
I’ll do so, and he put a G flat in there which is pretty common so it was 
kind of cool. 

Based on the musicians’ commentaries, the interplay in this moment 

appears to have been incidental, perhaps originating from the bassist’s logistical 

concerns about the turnaround. The bassist noted that he often uses a pedal in 

these situations, so it does not appear that his decision to do so here was 

precipitated by any specific activity by the pianist. Similarly, there is no evidence 

in the pianist’s account of this signal that suggests the bassist’s pedal point 

directly influenced his decision-making at that juncture.  

Another pedal point occurred during the out-chorus of a tune, as the 

pianist restated the melodic theme of the tune (5.4). The bassist had begun to 

play a tonic pedal point near this signal and in his report attributed the pianist’s 

activities to his perception of the bassist’s pedal. The pianist did not refer to the 

pedal point in his report, however, instead recounting his process for 

reharmonizing the melody. 

Signal 5.4: Out-chorus (Head, m. 25, during bassist’s pedal point) 

PIANIST: The fourth one was during the melody, on the way out. Pretty 
much at that point just thinking about the melody and trying to 
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harmonize it in an interesting way just by adding a couple of different 
pitches, and I was thinking what pitches could I add to the chords, either 
extensions in the voicing or some kind of extra note that I could throw in 
there just for a little more spice. So I was thinking about, just trying to 
grab some sounds that would work there, that were a little less 
conventional than just standard voicings.  

BASSIST: The last signal I remember was towards the second half of the 
head out, and I was thinking, alright, I’m going to go from playing kind of 
these broken, semi-busy bass line to playing more long tones and let [the 
pianist] kind of play more lush chords. And he totally took that cue—if 
you listen to it at that spot he kind of makes some of those chords altered. 
He takes like, C and A minor and D minor and G7 and makes them all 
altered dominant, or something like that, if I remember correctly. He sort 
of filled in the space that I left, without the void of rhythm he filled with 
more of a harmonic kind of sound. So that was kind of cool. So, what I 
was thinking there was just sort of opening up a little bit. 

As the previous sets of commentaries demonstrate, the implicit familiarity 

these players have with each other’s musical proclivities along with their 

extensive knowledge of idiomatic practices can obscure the origins of the various 

interactions that take place. It is certainly possible that the bassist’s pedal point 

may have elicited the actions of the pianist on a nonconscious level, or that the 

bassist misjudged his role in the pianist’s activity during this sequence. Perhaps 

this represented a moment where a confluence of variables (i.e., the place in 

form, the energy level, register, musical feel, tempo) made this sort of exchange 

likely to take place.  

Cognitive factors in the musicians’ perceptions 

Cognitive models of attention describe how the signal strength of 

information in a given context is modulated by active behavioral goals 

(Dijksterhuis & Aarts, 2010; Knudsen, 2007). From this perspective, I expected 

that the musicians’ perceptions of the musical activity, along with their 

recollections of their experience, would be biased by their priorities and 
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intentions during the performance. The musicians’ expertise represents a vital 

part of this equation; both musicians had acquired extensive cognitive 

specializations for processing information in a collaborative jazz context, 

affecting the information they prioritized and attended to during these 

performances.  

Pashler, Johnston, and Ruthruff (2001) characterized the interactions 

between high-level goals and recent stimuli as the basis for most human 

behavior; this seems an appropriate framework for evaluating the priorities and 

perceptions suggested in the musicians’ reports. Their reports showed evidence 

of both an intention-based, or top-down, mode of information processing, as well 

as a stimulus-based, bottom-up mode of processing (Pashler, et al., 2001). Top-

down attention was allocated for monitoring information relevant to the 

logistical implications of the performance, often directed to the musical activity 

near transitional boundaries. In general, I inferred this mode of attention in 

reports describing the musicians’ anticipating information that would help direct 

their upcoming actions. Examples of this top-down process are suggested in the 

accompanist’s reports for signals 2.3, 3.4, and 6.3, and the soloist’s reports for 

signals 3.4 and 4.4. The bassist’s vigilance towards the harmonic decisions of the 

pianist also indicated a top-down focus in his attention, evident in his comments 

for signals 1.2, 4.1, 5.4, and 6.2.  

Bottom-up, stimulus-based attention seemed to be the basis for some of 

the spontaneous exchanges that occurred during the performance. Examples 

included points where the accompanist referred to “hooking up” with the soloist 

(2.2, 6.4), or reacted to a conspicuous gesture in the soloist’s part (4.2, 4.3). In 
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these cases, I inferred this mode of processing from the accompanists’ 

spontaneous responses to specific activity they perceived in the soloists’ part. 

Over the course of these high-level, collaborative performances, the 

interactions between the musicians’ goals and their responses to momentary 

information give rise to a more complex dynamic in their attention than can be 

depicted as any single mode or process. The commentaries for signal 4.4 provide 

a useful illustration of the complex information processing that supports the 

performance of expert jazz musicians. This signal occurred seven measures into 

the chorus that followed the bass solo. The musicians describe their reasoning 

about the events taking place and their vigilance for the exchanges of 

information in this moment:  

Signal 4.4: Initiating trading (1st chorus of trading 8’s solos, m. 7) 

PIANIST: That was right at the point where we were going to do some 
trading, there I had initiated some trading and that was right at the end of 
my trading so I thought ok, I’m going to react to what the bass is doing 
and drop into a comping situation, hoping that he’s going to play a line, 
pretty sure that he knew we were trading at that point, and so I was pretty 
confident about that. 

BASSIST: Then the last signal I remember hearing was right at the spot 
where I was wondering if he was going to play another solo chorus, if he 
was going to play half a solo chorus and then play half a melody, or if we 
were going to start trading, so right when the signal hit was kind of [the 
pianist’s] wind up into his first 8 of his trading so that was a spot where I 
was really paying attention to if we were going to trade or continue on 
with the tune. 

These reports show the importance of the musicians’ ability to interpret 

the implications of events as they transpire, and to be prepared with appropriate 

responses. Their comprehensive knowledge of the idiom and its conventions 

delimits the meanings of musical information in a given situation, facilitating the 
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efficient communication of their intentions through the content of their musical 

gestures. This mode of communication is evident in the bassist’s account above, 

in which he spells out the delimitations relevant to the events transpiring near 

the signal. The musicians’ ability to process these exchanges in a mostly implicit 

manner would help to explain the absence of references to the accompanist’s part 

in the soloist’s reports. Rather than a sign of the soloists’ disregard for the other 

player, these reports illuminate the seamlessness with which a sensitive 

accompanist can interpret and support the intentions of the soloist. Assured of 

this support, the soloist is able to concentrate his efforts on the developments in 

his improvisation. 

CONCLUSIONS 

The studies in chapters three and four highlighted the efficiency with 

which experienced improvisers can generate well-formed melodic solos. The 

protocols in these experiments examined this capacity in unaccompanied 

performances, and used significant interventions in order to derive the data. In 

the current study, I investigated the perceptions and priorities of two expert jazz 

musicians in a more natural performance setting. This enabled consideration of 

the collaborative dimensions of their performance, including the perceptions of 

both the soloist and the accompanist during improvised solos. It should be noted 

that the duo format represented in this study is somewhat atypical in jazz; a 

more standard formation would feature piano, bass, and drums. I discussed this 

point in a subsequent discussion with the pianist, who noted that the presence of 

a third member allows one musician to “stay at home,” reinforcing the time feel 

while the other musicians engage in more dynamic interplay. The added stability 
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provided by a third member would represent an important factor in the 

performance, and in the musicians’ priorities and perceptions. 

The commentaries of the two musicians in this study illuminated a range 

of factors that informed their perceptions and their priorities for the 

performance, including their recognition of the implications of transpiring 

events, and their ability to both communicate and interpret meaningful 

information through musical expressions. Of course, the musicians’ perceptions, 

and what they could verbally articulate about their experiences, represent only a 

limited facet of the information processing that enables performance at this level. 

The musicians’ expertise and their long professional association predicts that 

much of what transpires during their performance is not mediated through 

conscious thought, or is represented in perceptions that are too ephemeral to 

recall. 
  



 116 

Chapter 6:  General Discussion 

In previous chapters I described three studies in which I investigated the 

cognitive dimensions of improvising music in the jazz idiom. My research 

focused primarily on how cognitive resources are called upon and allocated in 

order for improvisers to successfully function within the constrained 

performance contexts of jazz. When considered together, the results from these 

investigations contribute to a complementary account of improvisational 

behavior in jazz. Specifically, they point to the conclusion that expertise is 

founded on the application of specialized procedures for generating a well-

formed musical output at the lowest possible cognitive cost. The efficiency of 

these procedures preserves the improviser’s conscious resources to be flexibly 

applied in the pursuit of various active and overarching musical goals. 

Based on the findings in the research, it appears that an expert 

improviser’s attention is primarily allocated for evaluating the development 

potential of the musical output that is generated, and for shaping the output by 

responding to it in various deliberate and spontaneous ways. Characteristics of 

these operations correspond with the processes Norgaard (2008, in press) 

referred to as evaluative monitoring and sketch planning. The goals that improvisers 

pursue during performance vary in scale and scope, but appear to be generally 

directed toward maintaining coherency in the succession of their ideas and in the 

overall shape of the solo.  

In terms of the cognitive operations underlying skilled improvising, an 

extensively proceduralized process for generating music would serve at least two 

critical functions during improvisational performance. First, by ensuring a 
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consistently well-formed musical output at a low cognitive cost, the process 

resolves what would arguably represent the most computationally demanding 

part of the improvisational process—the note-to-note assembly of musical 

sequences (Johnson-Laird, 2002). In addition, this output provides a reliable 

stream of fertile musical gestures for the improviser to select from and then 

elaborate into coherent, larger expressions. Berliner (1994) characterizes such a 

process in the following description: 

Within a performance’s normal stream of events, improvisers typically 
allow their adequate inventions to pass by without necessarily treating 
their elements motivically. Rather, they await the appearance of figures 
that especially interest them, then explore their implications. (p. 195) 

The assembly of these coherent, larger structures engages processes 

comparable to evaluative monitoring and sketch planning, which appear to 

engage the explicitly regulated components of the generative system. That said, 

it is important for this system to be dynamic and flexible, so that the 

contributions from implicit and explicit systems to the performance are not 

confined to any particular level of musical activity. This flexibility might result in 

explicit control being asserted at a lower level of activity when the rate of 

production slows, for example. Among the factors that can influence the 

allocation of musicians’ cognitive resources during performance are their 

currently active goals, their familiarity and proficiency with the improvisational 

referent, and characteristics of the musical interplay.  

 

A SENSORIMOTOR FRAMEWORK FOR JAZZ IMPROVISATION 

In the second chapter I reviewed literature from various domains that 

contribute to an understanding of jazz improvisation from a sensorimotor 
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perspective. Music improvisation calls for the fluent production of novel, 

stylized action sequences in real time, constraints that underscore the need for 

the actions to be produced as efficiently as possible. Efficiency in sequential 

behavior is largely attributed to the effects of repeated practice. When a motor 

sequence is reinforced, its subsidiary acts become integrated, resulting in 

sequences that are encoded, and can be retrieved, as a single response (Verwey & 

Dronkert, 1996; Wu, Chan, & Hallett, 2008). The importance of integrated motor 

sequences in facilitating skillful music performance is further suggested by 

findings that the process of action integration binds the movements to a 

stereotyped temporal structure, and that this rhythmic organization is a cardinal 

feature of implicitly regulated action sequences (Sakai et al., 2004).  

The importance of action integration during jazz improvisation is evident 

in the formulaic nature of improvised musical sequences. Weisberg et al. (2004) 

assessed the frequency of formulaic materials in several extant improvisations by 

historically significant jazz musicians, finding that substantial portions of the 

solos were composed of formulaic sequences of varying lengths. It is interesting 

to note that the highest frequencies occurred among segments that were four or 

five notes in length, which corresponds with findings that the structural limits of 

a single motor chunk are five elements or less (Verwey, 2003). As I described 

above, action integration is thought to be the basis for automaticity in the 

performance of motor sequences (Sakai et al., 2004), suggesting that pre-formed 

or formulaic gestures would be the primary output of a highly proceduralized 

process for generating music. 
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STUDY 1: DUAL-TASK PROFICIENCY 

In Study 1, I investigated the hypothesis that skilled jazz musicians can 

generate well-formed melodic improvisations in a manner that requires little 

conscious mediation. Using a dual-task design, I operationalized this capacity 

based on two measures: the participants’ ability to perform a secondary counting 

task while they simultaneously improvised blues solos, and their ability in a 

subsequent session to discriminate recordings of solos they had played in these 

dual-task conditions from solos that they had played in single-task conditions. 

Four out of the 10 participants performed the counting task proficiently during 

their familiar key solos and their unfamiliar key solos. Two other participants 

performed the counting task proficiently during their familiar key solo only. The 

remaining four participants were unable to perform the counting task 

proficiently during their solos in either key.  

Of the six participants who counted proficiently during at least one of the 

dual-task improvisation conditions, three were unable to reliably distinguish the 

single- from dual-task condition solos they played. I took this as evidence that 

their improvising was not significantly impaired during the dual-task conditions.  

Two participants from this group of six observed evidence of impairments in 

their solos from the dual-task conditions, reflecting compromises they had to 

make during their improvisations in order to monitor the counting task. The 

musical effects were fairly pronounced for one of these participants, a pianist 

with 21 years of jazz improvisation experience, as they resulted from his strategic 

decision to play much more simply during dual-task trials. The compromises 

recognized by the other participant, a pianist with 37 years of experience, were 

more subtle and possibly not intentional; he identified fewer technically 
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demanding elements in the solos, certain note choices that struck him as 

uncharacteristic, and noticed ideas he let pass by that he would normally have 

elaborated. Both musicians also observed an absence of overall shape, or longer-

range coherency, in their dual-task condition solos.  

It seems reasonable to consider the musical features that participants 

described as being absent or impaired in their dual-task condition solos as 

aspects of performance that would otherwise result from on conscious 

mediation. For the musicians above, the attention they allotted for keeping an 

accurate tally of taps during the counting task might in normal circumstances 

have been applied for elaborating an interesting phrase, or conceiving the shape 

of their next chorus.  

Whether or not some of the improvisers had to compromise their normal 

standards of performance in order to monitor the counting task, their ability to 

sustain even a satisfactory musical output when consciously mediated resources 

were otherwise engaged demonstrates the highly proceduralized processes by 

which experienced jazz musicians are able to generate music. The efficiency of 

the generative process allows skilled improvisers greater flexibility in what 

aspects of the performance they attend to while they play. It also serves as a vital 

“safety net” during performance, ensuring the improviser of a consistent source 

for well-formed musical gestures. Berliner (1994) assigns a similar function to 

improvisers’ use of “holding operations” to bridge gaps between more 

substantive musical ideas. Such a process was characterized by one of the expert-

level participants in Study 2: 

I mean, there is a number of things you can be doing while you’re waiting 
for the next idea to come. You can be playing some sequential thing, you 
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can be playing nothing, you can be playing a single note or double stop. 
That affords you two things, that gives you something to play that 
requires no thought while you are collecting your wits about you figuring 
out what to do next. It’s a technique for resting before you carry on again. 

The results of the first study contributed empirical support for Johnson-

Laird’s (2002) assertion that improvising does not call for intermediate 

representations of musical gestures in working memory. The main rationale for his 

claim is that the cognitive processing necessary to form prospective mental 

representations is too inefficient to meet the demands of improvising well-

formed melodies in real time. It struck me that this viewpoint, along with my 

findings in the first study, appears to be in conflict with accounts of an 

improvisational process in which jazz musicians derive their musical ideas 

primarily by “prehearing” them (e.g., Berliner, 1994; Coker et al., 1970; Gordon, 

1989).   

One might argue that prospective imagery may in fact be an important 

feature of the improvisational process in natural performance settings, when 

resources allocated for a counting task would otherwise be available to form 

vivid representations for upcoming music. I sought to investigate these issues 

further in the second study. If the improvisational process entails the execution 

of consciously preconceived musical gestures, then improvisers should be 

cognizant of their musical ideas in their prospective form, and be able to describe 

their intentions before they are realized.  

 

STUDY 2: REPRESENTATIONS FOR UPCOMING MUSIC 

In the second study I examined the awareness musicians had for 

upcoming music as they improvised melodic solos. Upon my signal, participants 
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(N = 23) immediately suspended their performance of a 12-bar blues solo and 

reported their knowledge of, or plans for, the upcoming music in the solo. I 

found that the most conspicuous differences among the participants’ responses 

was in the proximity of the plans they described to the point they stopped 

playing, and also the level of specificity with which they characterized the music.  

I defined two main categories for classifying the responses. Adopting 

terminology introduced by Pacherie (2008), I classified as proximal intentions 

descriptions for upcoming music that were limited in scope but specific in detail, 

and as distal intentions descriptions that were more abstract, leaving many details 

unspecified. The character of these descriptions is compatible with the sketch 

plans described by Norgaard (2008, in press). I found a significant difference in 

the distribution of responses between the 7 expert participants, all with 10 or 

more years jazz improvisation experience, and the 16 remaining nonexpert 

participants, all with fewer than 10 years jazz improvisation experience. The 

responses by nonexperts were mostly representative of proximal intentions; 

these participants often identified the individual notes or pre-formed gestures 

they expected to play. In contrast, the responses by the expert participants were 

mostly representative of distal intentions. These results highlight the increasing 

abstraction between jazz musicians’ representations of the music they are 

playing and its component features as skill develops.  

 

STUDY 3: PERCEPTIONS DURING COLLABORATIVE PERFORMANCES 

In the third study, I examined how two expert jazz musicians, a pianist 

and bassist, perceived their musical activities during collaborative performances 
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of six tunes from the standard jazz repertoire. The participants both had 

extensive professional experience performing jazz, and played together on a 

regular basis. This study allowed me to address questions of how attention is 

allocated in a more dynamic, natural performance context, where musical roles 

shift between soloist and accompanist, and where various interactions and 

exchanges can occur. I derived my findings from the content of verbal reports 

given by both musicians upon finishing each of six tunes. I had asked that in 

these accounts they recollect four specific points in each tune, which were 

marked with audible signals, and describe their perceptions of the musical 

activity that was taking place. This protocol allowed me to compare both 

musicians’ responses in reference to the same events in the performance.  

The factors that exerted the most pronounced influence on the musicians’ 

perceptions and priorities were the musicians’ roles in the performance at the 

time of the signal (i.e., accompanist or soloist), the proximity of the signals to 

formal boundaries within the tune, and the implications of musical 

developments in one or both of their parts. Comments given from the soloists’ 

perspective were generally similar in content to my findings in the second study 

and in the study by Norgaard (2008, in press), indicating evidence of a 

prospective focus on upcoming events in terms of their broader, abstract 

implications, and an evaluative mode of self-monitoring used for considering 

ongoing events and their implications. The commentaries given by both 

musicians when they were in the role of accompanist suggested an ongoing 

monitoring process as well, but one driven by the implicit primacy of the 

soloists’ part. The accompanists described efforts to respond to or anticipate 

events during the solo, reflecting their overarching goal to provide 
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complementary support as well as an acute sensitivity to the logistical 

implications of the soloists’ activity. There were occasional intersections where 

the soloist and accompanist appeared to focus on the same priorities. In most of 

these cases, their shared perceptions were motivated by logistical concerns, such 

as coordinating the transitions that occurred at the boundaries of solo choruses. 

Less frequently, these intersections resulted from a conspicuous event that drew 

both players’ attention to the interplay.  

The results of this study suggest that the musicians’ perceptions of their 

performance are ultimately shaped by their intentions. These intentions are 

situational responses to the unfolding events, but they are guided by the 

overarching goals the musicians associate with their part in the performance. 

Even though both musicians might have had access to the same musical 

information in the performance context at the time each of the signals occurred, 

their accounts only rarely referenced the same events taking place. In general, 

though, a common thread is evident: The skill these expert improvisers bring to 

their performance is founded upon their capacity to be flexible in both actions 

and attention, which work in balance to ensure that proximal events serve the 

overarching goals of performance. 

 

PRIORITIES AND PRINCIPLES FOR JAZZ PEDAGOGY 

The findings I report in this document complement existing theoretical 

positions on psychological constraints and their ramifications for improvisational 

behavior in music (e.g., Norgaard, 2008, in press; Berkowitz, 2009; Johnson-Laird, 

2002; Pressing, 1988, 1998). In order to meet the demands of generating novel, 
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well-formed musical sequences in real time, improvisers must develop various 

strategies and procedures that allow them to render these sequences in as 

efficient a manner as practicable. The gradual refinement of these procedures 

promotes the influence of nonconscious processes in determining the 

improvisers’ behavior, particularly as it applies to generating the proximal level 

of musical actions. The contributions from these nonconscious resources were 

highlighted in the first two studies.  

The effectiveness of instructional approaches in jazz improvisation can be 

evaluated in terms of how well they communicate the priorities of expert 

improvisers, and the extent to which learners have opportunities to pursue these 

priorities in some form during their own practice and performance. Determining 

opportunities for novice improvisers to think like experts would seem especially 

challenging. In the second study I found that less experienced improvisers 

tended to focus on the proximal content of their improvisations rather than on 

the longer-range contingencies that inform the decisions of more advanced jazz 

musicians. The proximal focus of inexperienced improvisers might be a natural 

consequence of the skill-learning process, but it also raises important questions 

about the influence instruction might have on improvisational thinking.  

The evidence that experienced improvisers can originate musical gestures 

with minimal conscious attention calls into question certain depictions of 

improvisational thinking observed in jazz pedagogy, notably claims that 

prospective imagery, or prehearing, represents a principal means of generating 

musical ideas while improvising (e.g., Coker et al., 1970; Gordon, 1989). It 

appears instead that skilled improvisers conceive of their ideas in broader, more 
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abstract terms, with the specific content of the musical sequences determined 

primarily by operations based in procedural memory. 

In a recent magazine interview, John Scofield, an acclaimed jazz guitarist, 

described how he conveys the nature of improvisation to younger players 

(Wissmuller, 2009). His comments illustrate some of the issues that confront jazz 

educators: 

I try to make an analogy between verbal conversation and improvising. 
When I’m talking to you, I’m talking in sentences, but I’m trying to 
express a larger idea that may ultimately be a couple of paragraphs long 
or something. I go from one idea to another. Improvising with melodic 
phrases is the exact same thing. I’d start to explain it like that—you 
develop a vocabulary and then you start to form sentences and 
paragraphs, and then on a good day, maybe you can conceive of a whole 
page of ideas in a larger musical conversation. (pp. 35-36) 

In Scofield’s account, improvisers aspire to connect a series of ideas in a 

way that conveys some larger meaning. This priority is generally supported in 

my findings. He goes on to prescribe a skill-learning sequence in which students 

work to “develop a vocabulary” as a preliminary step towards being able to 

articulate more substantive musical ideas. The language metaphors Scofield uses 

in depicting the skill-learning process are instructive here, as they reveal his 

perspective on what represents a unit of ideation in improvisational thinking. 

Extending the language analogy to consider the specific content of the 

vocabulary, it is clear that during early stages of learning improvisers are ill 

equipped to generate music approaching the syntactical sophistication in 

performances by expert jazz musicians. On the other hand, using a simpler 

vocabulary, the semantic intentions of expert improvisations might be 

approximated during performances by learners. 
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Thinking like an expert improviser 

An enduring tenet of effective teaching is that learners benefit when they 

are given opportunities to practice thinking and acting like experts (Bruner, 

1960). Proponents of this approach to teaching believe that expert thinking 

should be regarded as an ongoing part of the learning process, not only the 

culmination of it. The pedagogical challenges lie in first elucidating the 

characteristics of expertise in a particular domain, and then devising experiences 

that preserve the essential nature of expert behavior and are accessible to 

novices. Music learning is well-suited for this approach, due to the recognition 

that fundamental qualities of expert musicianship, such as expressivity and tone, 

do not necessarily require technical or intellectual abilities beyond the reach of 

the developing player (Duke, 2005; Duke & Byo, n.d.). To apply these principles 

in jazz improvisation instruction, the teacher would need to determine the 

conditions for improvising that might enable novices to pursue the same types of 

goals and intentions that drive the behavior of experienced improvisers.  

As the findings in this paper help to make clear, a key component of 

experienced improvisers’ thinking is their ability to generate a well-formed 

musical output at a minimal cognitive cost. This capacity helps musicians to 

efficiently resolve what would otherwise represent the most computationally 

demanding aspect of the generative process—specifying the immediate, note-to-

note level of the musical output. From the perspective of action control, this 

output represents the subsidiary level of improvisational behavior, its 

components enacted as a consequence of higher level, consciously held 

intentions and goals.  
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The distinction between an underlying process that determines the 

specific content of the musical sequences and a consciously mediated process of 

decision-making and goal pursuit that form the basis for decision-making in jazz 

has important pedagogical implications. Jazz musicians acquire and refine their 

ability to generate well-formed musical sequences over spans measured in years 

and decades. The musical vocabulary contained in the improvisations of 

seasoned players can be exceptionally sophisticated. Numerous systems have 

been introduced to codify the constituent tonal materials of music in the jazz 

idiom. 

Several writers have criticized what they regard as an overemphasis on 

tonal principles in many jazz methodologies, and the improvisational practices 

these methods appear to foster (Bailey, 1993; Birkett, 1994; Borgo, 2007). Birkett 

expressed his concerns with chord-scale theory, writing, “While it certainly gives 

students notes to play, it does not seem to offer reasons for playing anything in 

particular” (p. vi). Borgo’s objections are broader, based in his aversion for 

“systems thinking” in principle, and what he views as the enduring challenges 

students will face when their learning experiences overemphasize “inscribed 

forms knowledge” rather than promoting the “embodied and experiential 

qualities of improvisation” (p. 67). The rationale for these criticisms is that 

methods that direct the aspirant’s focus toward the theoretical implications of the 

music fail to effectively communicate the musical priorities of expert 

improvisers. 

In instructional applications, strategies derived from these systems are 

typically applied to ease the demands associated with one dimension of 

performance: pitch selection (e.g., Aebersold, 1992; Coker, 1997; Reeves, 1997). 
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The improvisational referents used in these methods are chosen for their 

harmonic stability, such as a standard 12-bar blues or a modal tune, and 

encourage students to improvise over them using notes chosen from a single, 

compatible scale. The premise is that by limiting pitch choices in this way, the 

learner can avoid playing “wrong” notes. The promotion of scales as a delimited 

resource for harmonically compatible pitches is extended in later learning stages 

through the principles of chord-scale theory (Mehegan, 1959). The applied study 

of chord-scale theory is a cornerstone of contemporary jazz pedagogy and a 

fundamental topic in most of the established improvisational methods (e.g., 

Aebersold, 1973-2011; Baker, 1988; Coker, 1964, 1997; Haerle, 1987; Reeves, 1997, 

2001). 

Promoting musical coherency 

One of the priorities I observed in the performances of skilled improvisers 

is their ongoing concern for musical coherency. This quality can be assessed in 

the emergence of thematic relationships or long-range developments in the 

succession of ideas during the solo. Interestingly, techniques for establishing 

musical coherency in improvised music are often prescribed outside of the jazz 

idiom, in methods for children. The Orff approach to music instruction, in which 

children improvise using tuned percussion instruments, is a representative 

example (Kratus, 1995). Orff instruments are typically limited to the notes of a 

single pentatonic scale, but rather than harmonic compatibility, the underlying 

rationale for these limitations is to allow children to focus on structure and 

coherence in the improvisations, using devices like repetition, elaboration, and 

call and response (Brophy, 2005; Kratus, 1991). Though the use of these and other 
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structural devices in jazz improvisation is appreciated, and incorporated in 

instruction to some degree by teachers who perceive a benefit in doing so, the 

predominant emphasis in published improvisational methods and materials is 

on melodic and harmonic concepts (Witmer & Robbins, 1988).  

Strategically limiting the materials available to learning jazz improvisers is 

not in itself a flawed approach; rather, it should be incorporated as a means of 

facilitating improvisational thinking in other dimensions. This brings to mind the 

use of blanketing techniques by some participants in the first study as a means to 

alleviate the demands of soloing in the dual-task conditions. Generally, 

blanketing refers to a method of deriving melodies from a limited collection of 

pitches, typically used over a sequence of changing chords that originate from 

the same key. Several of the participants who alluded to using this technique 

observed that doing so helped them to consciously detach from the solo, or to 

“go on autopilot.”  

Though on the surface it might appear that blanketing benefits 

experienced improvisers in the way that limiting pitch selection benefits novices, 

the cognitive advantages do not seem to result from alleviating demands on a 

pitch selection process. Rather, it appears that the key characteristic in the music 

generated from skillfully applied blanketing techniques is that the sequences are 

well-formed at the point of production. That is, the lower level, note-to-note 

features, revealed in characteristics of small-scale melodic contour, the metrical 

placement of chord tones, and accenting schemes, all reflect idiomatic features of 

jazz melodies. That these melodies could be generated by experts in a dual-task 

setting is in line with my proposal of improvisational skill being served by an 

implicitly regulated process for constructing coherent, well-formed musical 
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gestures. By virtue of the gestures’ being well-formed at the point of production, 

the implicitness of this process can enable the soloist, in normal performance 

conditions, to consciously focus on the various possibilities for manipulating and 

elaborating these materials into the larger-scale ideas that give an improvisation 

coherency across longer spans.7  

The cognitive advantages of blanketing techniques are not gained from 

their delimiting the improviser’s note choices, but in the efficiency of the 

operations that assemble the notes into well-formed sequences. Considering this, 

it would seem that limiting novice improvisers’ choices to the notes of a scale 

would offer little cognitive benefit unless there are generative strategies in place 

that can operate on these materials at reduced cognitive cost. The principles of 

chord-scale theory are without question an essential concept in modern tonal 

improvisation, but there is a difference between regarding it as a theoretical 

classification system and applying it as a method for generating improvisations. 

Based on the findings here, it might be more productive to have students work 

with limited materials, including those derived from chord-scale theory, in ways 

that allow them to focus on musical coherency as the main priority in improvised 

performances.  

With these basic priorities in place, it becomes more challenging to 

generalize the ideal path for an advancing learner. The rigorous practice that is 

necessary to develop improvisational expertise becomes increasingly specific to 

the instrument and the musical idiom as skill advances. The implicitly regulated 

                                                
7 Recall from the discussion in Chapter 3 that for one of these improvisers, the blanketing 
strategy appeared to come at the cost of melodic coherency. This reinforces the idea that 
coherency represents a higher level, conscious priority for improvisers in more natural 
performance conditions. 
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control so important to sensorimotor skill in time-pressured contexts is largely 

the result of extensive routinization, and is enabled by responses that have been 

reinforced through their frequent recall and application in practice and 

performance situations.  

The suggestion that the performance of experienced improvisers is largely 

founded on routine procedures would almost certainly be met with resistance by 

many practitioners. Jazz musicians often express their desire to avoid routine 

gestures when they improvise, describing routines as expedients for those times 

when they are unable to come up with original ideas (Berliner, 1994). The 

emphasis that jazz musicians place on originality and spontaneity can appear to 

be in conflict with fundamental principles of sensorimotor learning, 

underscoring the inherent pedagogical challenges in promoting behavior that 

appears to make simultaneous demands on novelty and exceptional motor 

control. 

 

THE MERIT OF EMPIRICAL RESEARCH IN JAZZ IMPROVISATION  

The studies I describe here contribute to a modest literature that 

endeavors to investigate the cognitive processes of improvising musicians in 

controlled empirical settings. The challenges confronting this kind of research are 

acknowledged here and have been noted by other authors (Kenny & Gellrich, 

2002; Seddon, 2005; Sloboda, 1985). As Kenny and Gellrich wrote,  

The fact that improvisers themselves cannot access their own 
subconscious processes at the moment of creation poses enormous 
practical problems for researchers. In addition, the creative impetus for 
improvisation often depends on volatile performance variables (e.g., 
interaction with audience, fellow musicians, acoustic considerations), all 
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of which are extremely difficult to replicate under controlled experimental 
conditions or reliably account for with post-event analysis. To date, such 
practical considerations have precluded any serious examination of the 
thinking-aloud verbal protocols of improvising musicians. (p. 121) 

Clearly, the experimental settings and the various manipulations used in 

the studies I conducted placed the musicians in unfamiliar situations, and 

precluded elements of jazz performance normally present in settings that are 

more natural. Concerns for the research protocols’ unintended effects on the 

cognitive processes of the participants in these studies cannot be dismissed. Yet, I 

would argue that jazz improvisers work to develop an arsenal of skills that 

ensures they will perform proficiently in various demanding conditions. As 

Ericsson and Lehmann (1996) contend: 

One of the marks of expert performers is that they can display their 
superior performance reliably upon demand. To achieve this control, 
expert performers need to master all relevant factors—including 
motivation. Hence, expert performers should be able to reproduce their 
superior performance on representative tasks presented under controlled 
laboratory conditions, and their performance can therefore be subject to 
scientific analysis. (p. 277) 

This point was reinforced by the consistently high caliber of the 

performances I observed among the experienced improvisers in these studies. I 

believe that jazz improvisation represents an ideal domain for applied behavioral 

research in areas directly relevant to the idiom and beyond, including 

sensorimotor expertise, creativity and divergent thinking, and social cognition. 

The conventions of performance practices in jazz ensure a range of well-defined 

competencies among experienced jazz musicians that would facilitate 

comparative studies. Also, the music generated during improvisation provides a 

natural source of richly rendered behavioral data. Analytical methodologies that 

examine the musical content of improvised performances represent a promising 
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direction for further studies. Works by Norgaard (2008, in press), Weisberg et al. 

(2004), Pressing (1987), and Finkelman (1997) contribute useful models for this 

approach.  

Without question, experimental investigations of cognition in jazz are at a 

nascent stage, when crude interventions are often necessary to facilitate more 

targeted studies going forward. The investigations I describe here represent as 

much an inquiry into how to systematically examine improvisation as they 

represent inquiries into the behavior itself. The interest in the improvisational 

behavior of jazz musicians will continue to inspire questions from a number of 

different perspectives, with each examination offering an opportunity to 

contribute new insights and further refine our understanding of this remarkable 

expression of music and musical behavior. 
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Appendix: Initial report transcriptions for Study 3 

The following transcripts are edited from the participants’ initial 
commentaries, which they recorded immediately after finishing each tune. I 
divided each commentary into separate reports for each signal that was 
referenced. For each tune, I provide information about the tune itself, including 
its formal dimensions and the chronology of events in the arrangement the 
musicians performed. In addition, for each signal, I indicate where within the 
form of the tune and the progress of the arrangement the signal occurred, and 
my rationale for marking that point in the performance. 

 

TUNE 1: BYE, BYE BLACKBIRD (DIXON/HENDERSON) 
Formal dimensions: 32 bars, ABCAˈ 
Arrangement: 8m intro, theme, 2 choruses piano, 1 chorus bass, theme, tag 
ending 
Performance tempo and duration: 150 bpm; 4:50 

Signal 1.1: Piano solo (1st chorus of solo, m.5)  

Chorus boundary (Shortly after start of piano solo) 

PIANIST: OK, so for the first signal I was into the beginning of the solo 
and I was thinking about the pacing of the solo and how long my phrase 
was going to be. And right at that moment I was holding up and ending 
the phrase a little shorter than I thought.  

BASSIST: The first ding, I think, was right at the beginning of [the 
pianist’s]’s solo, and I was deciding at that point whether or not I was 
going to go into a walking bass line, or stay in a busy 2, which is what I 
was doing on the head. So I was listening to the way [the pianist] was 
playing his phrases and it sounded pretty bop to me, pretty fluid, so I 
figured I would just bust into walking, so that’s kind of what I was doing 
up to that point.  

Signal 1.2: Piano solo (1st chorus of solo, m. 26) 

Chorus boundary (Approaching the end of a chorus within the piano solo) 

PIANIST: When the second signal happened I was thinking about where 
the solo was going in terms of the direction of what was happening, and 
looking to build it heading into the next chorus.  

BASSIST: The second ding I believe was somewhere in the middle of [the 
pianist’s] solo...oh, I remember, there was a substitute chord coming up, a 
possible substitute chord, and I was kind of listening if he was headed 
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that way, it was the difference between a D7 and an A flat 7 or something 
like that, and I was kind of listening to his line to see if it was headed that 
way and it was. 

Signal 1.3: Piano solo (2nd chorus of solo, m. 27)  

Chorus boundary (Approaching the end of the last chorus of the piano solo) 

PIANIST: The third signal, I believe it was about 4 bars from the end I was 
thinking about winding down the solo, what the last phrase was going to 
be, the character of the phrase being winding down.  

BASSIST: (see note) And then the next ding was, um… Huh. Oh, the next 
thing I remember was after my bass solo, it was another substitute chord 
kind of deal where I was wondering if he was going to play a B. 

NOTE: The bassist appears to have misremembered this signal, as it actually 
occurred before his solo. 

Signal 1.4: Out-chorus (m. 3) 

Logistical implications (Communicate intention to play out-chorus) 

PIANIST: The fourth signal, I was thinking about the melody, playing a 
variation of the melody that would make it sound slightly different than 
what it was while I was playing it the initial time, so I was going to quasi-
improvise the melody. I was thinking how can I change up the melody 
just a little bit to get some variety. 

BASSIST: The next ding was after my solo and it sounded like [the pianist] 
was kind of vacillating between playing the melody and still improvising 
around the melody, and so I was kind of just listening to see where he was 
headed with that, because I’ll tend to make my bass lines a little more 
inside and in one register if someone’s playing the melody as opposed to 
still soloing, I’ll probably use the bass a little more. 
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TUNE 2: I HEAR A RHAPSODY (GASPARRE) 
Formal dimensions: 32 bars, AABA 
Arrangement: Theme, 2 choruses piano, 2 choruses bass, 1 piano, ending 
Performance tempo and duration: 180 bpm; 4:39 

Signal 2.1: Piano solo (1st chorus of solo, m. 21)  

Conspicuous activity (pianist played long ascending phrase into high register) 

PIANIST: The first signal I had just finished with an idea and just decided 
right before that signal that the idea was finished and I needed to come up 
with another idea to play that had different melodic material. 

BASSIST: The first ding I remember was in the middle of [the pianist’s] 
first solo chorus and what I remember about that was there was sort of a 
dynamic thing happening. He was getting louder and kind of pushing the 
dynamic up and I was sort of going with him there. 

Signal 2.2: Piano solo (2nd chorus of solo, m. 3) 

Conspicuous interplay (Pianist’s cross-rhythm joined by bassist) 

PIANIST: (see note) On the second signal I worked my way up high right 
before that signal and had a somewhat sequential thing going up high and 
I was thinking, OK, I need to work my way back down. I made my trip up 
and I’m going to work my way back down into the middle register. And 
again that was right at the point where I had concluded an idea; I felt like 
the idea I had played was finished and needed a different idea that just 
went into a downward direction.  

NOTE: After hearing the recorded excerpts, the pianist indicated he had 
misremembered this signal in his initial report.  

BASSIST: The second ding I remember we had kind of hooked up on 
some rhythmic thing, something that he was playing, maybe a triplet-y 
thing, I can’t remember, and I kind of was, had just started joining him on 
that, so both those first two dings were he and I kind of hooking up on 
some extra-musical, some outside the changes kind of thing.  

Signal 2.3: Bass solo (1st chorus of solo, m. 9) 

Incidental activity 

PIANIST: The third signal was eight or nine measures into the bass solo. 
At that point I was thinking about is the bass working on any particular 
motive is he playing any particular motive that I can relate to or capitalize 
on so to speak or communicate with and at that point he was just kind of 
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playing up a scale I believe, so there wasn’t any distinctive idea at that 
point so I just played a long chord. 

BASSIST: (see note) The third and fourth dings were during my solos, and 
really, um, I don’t [laughs], I don’t know what I was...I mean, I was just 
basically sort of playing a fluid solo naturally out of [the pianist’s] solo, so 
you know, there’s really not much else I can think of that I was thinking of 
during those third and fourth dings, I kind of just shut my eyes and I 
really… When I solo I really kind of like to visualize the piano and kind of 
imagine my solo lines kind of weaving across the keyboard, so. But there 
really wasn’t anything specific I was thinking of that jumps out during 
any of those moments.   

NOTE: Though the bassist accurately recalled that the signals occurred during 
his solo, he was not able to provide any additional details of the musical activity 
for this signal, or the one that followed it.  

Signal 2.4: Bass solo (1st chorus of solo, m. 27)  

Chorus boundary (Approaching the end of a chorus within the bass solo) 

PIANIST: The fourth one was near the end of the first chorus of the bass 
solo. So at point I’m thinking about the pacing of the bass solo, whether it 
was going to end or whether it was going to go into the melody, and I 
wasn’t sure at that point which was going to happen. So I was just 
monitoring, listening, thinking about what are my strategies if I return to 
the melody if that’s going to happen, or if there’s a bass solo and I won’t 
return.  

BASSIST: [No separate commentary. See bassist’s report for signal 2.3] 
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TUNE 3: INVITATION (KAPER) 
Formal dimensions: 48 bars, ABCABˈ 
Arrangement: Theme, 2 choruses piano, 1 chorus bass, theme, short tag 
Performance tempo and duration: 200 bpm; 5:09 

Signal 3.1: Piano solo (1st chorus of solo, m. 23)  

Conspicuous interplay (intensity increasing in piano solo; bassist playing pedal points) 

PIANIST: (see note) So I’m a little less certain about where the signals 
were. The first one, during my solo, but I don’t have a real strong 
recollection of what I was thinking about at that point. So I hope that 
when it comes back to the playback we’ll hear that. 

NOTE: Though the pianist recalled this signal occurred during his solo, he was 
unable to report any details of the musical activity. 

BASSIST: So the first ding was at a spot in [the pianist]’s solo where I felt 
like we were just about to enter more of a McCoy kind of...he was starting 
to play harder and I was thinking, start hinting at pedal points, so I think 
right after that ding I started playing the first pedals. But I was already 
breaking the bass lines up there if I remember correctly. 

Signal 3.2: Piano solo (1st chorus of solo, m. 45) 

Chorus boundary (Approaching the end of a chorus within the piano solo) 

PIANIST: (see note) The second one was in the bridge, I remember 
associating it with the form, because I just finished the sequence of an idea 
there and just kind of brought an idea to its resolution. So I was thinking, 
OK, that’s the resolution of an idea, that idea is done and it’s time for a 
new idea. 

NOTE: After hearing the recorded excerpt, the pianist indicated he had 
misremembered this signal when he gave his initial report.  

BASSIST: (see report for 3.3, and note) 

Signal 3.3: Piano solo (2nd chorus of solo, m. 38)  

Chorus boundary (Approaching the end of the last chorus of the piano solo) 

PIANIST: The third one I believe was around—and again I’m a little hazy 
about this, I apologize for that—the third one was I think around the end 
of the solo, thinking about pacing at that point, time to wind down soon. 
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BASSIST: (see note) The second one, I was busting loose from the moving 
quarter note and I was playing like an eighth note, like pedaling on C but 
not just playing long tones, like playing more of an aggressive [sings], kind 
of an eighth note, machine gun bass note under the piano because it’s kind 
of seemed like that’s where the tune was getting pretty intense.  

NOTE: The bassist only described three of the four signals in his initial summary 
for this tune. Based on the recording of the performance, it appears the description 
he associated with the second signal was more likely an account of the activity 
near the third signal.  

Signal 3.4: Bass solo (m. 43) 

Chorus boundary (Approaching the end of the last chorus of the bass solo) 

PIANIST: I believe the last one was near the end of the bass solo, about 
four bars before, and I was thinking about how that solo’s going to end 
and whether the melody was going to return at the end of the section. 

BASSIST: Then the other was at the end of the bass solo and right at that 
point I was deciding, OK, I’m just going to do one chorus and I’m going to 
make it really clear to [the pianist] musically that I’m wrapping it up so I 
kind of played a descending, maybe like an E-flat, I can’t remember 
harmonically what I did but I played some sort of descending line and 
then when I got to the last two five before the upcoming chorus I played 
something really low and descending so he could really tell I was headed 
down to playing bass again, which is a pretty common bass trick. 
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TUNE 4: IT COULD HAPPEN TO YOU (BURKE/VAN HEUSEN) 
Formal dimensions: 32 bars, ABABˈ 
Arrangement: 8m intro, theme, 2 choruses piano, 2 choruses bass, trade 8’s, 
theme, vamp 
Performance tempo and duration: 208 bpm; 4:57 

Signal 4.1: Piano solo break (Head chorus, m. 30) 

Chorus boundary (Approaching piano solo break) 

PIANIST: At the first beep, it was right at the end of the melody, so I was 
thinking about how I was going to play the break, what harmony I was 
going to play, was I going to go up a half-step. And that’s what I decided 
to do right before that beep.  

BASSIST: It was the end of the melody and I played, I was waiting to hear 
if [the pianist] was going to play, um, an E7, or an E major 7, instead of an 
E-flat, so I kind of set up the B-flat, basically I give him the option to do 
whatever he wants because the E would sound fine over an E-flat or if he 
just plays a regular turnaround or whatever, so I was just kind seeing 
what he wanted to do there and I heard that he was kind of hinting at an 
E7 in his solo break so… 

Signal 4.2: Piano solo (2nd chorus of solo, m. 15) 

Conspicuous gesture (Fast, dramatic run in piano solo) 

PIANIST: At the next one I was just looking for a way out of [laughs], sort 
of out of the run that I had created so I had a descending line going and I 
was just thinking about let’s get to a landing place, where am I going to 
land, and, not really looking for a particular pitch, just thinking about 
where my hand might run out and where I might be able to bring that line 
to a consonant point.  

BASSIST: Then the next signal was kind in the middle of his solo and I 
remember that I was just about to go with him rhythmically on this sort 
of, fast pattern that he was playing and then I kind of felt that we were 
going to lose the time so right when that signal hit I remember that he was 
playing something kind of frantic and really crazy so I just kind of started 
walking really hard at that point, to sort of bring back the time. I feel like 
if I jump with him when he’s doing stuff like that and it’s not totally 
together it might get off a little bit. 
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Signal 4.3: Bass solo (2nd chorus of solo, m. 15)  

Conspicuous gesture (Fast, dramatic run in bass solo) 

PIANIST: And the third one, [the bassist] had a fast triplet cross-rhythm 
going, and I was trying to get out of the way of that, my basic thought was 
stay out of the way, and then when can I get back in to, gracefully, to add 
something to that, and kind of let him almost finish that out before he 
came back in and then I brought a chord back in right around the time of 
that ding. 

BASSIST: The next signal was a similar situation but it was during my 
solo. I was kind of playing something crazy and a little arrhythmic and 
fast, and he was just kind of comping really lightly, and just kind of 
holding onto the time. So I remember at that signal I was kind of playing 
around with the beat a little bit and kind of, making the beat a little more 
elastic and letting [the pianist] just kind of hold down the time. 

Signal 4.4: Piano solo, initiating trading (1st trading 8’s solo, m. 7) 

Logistical implications (Communicate intention to trade 8’s) 

PIANIST: That was right at the point where we were going to do some 
trading, there I had initiated some trading and that was right at the end of 
my trading so I thought ok, I’m going to react to what the bass is doing 
and drop into a comping situation, hoping that he’s going to play a line, 
pretty sure that he knew we were trading at that point, and so I was pretty 
confident about that. 

BASSIST: Then the last signal I remember hearing was right at the spot 
where I was wondering if was going to play another solo chorus, if he was 
going to play half a solo chorus and then play half a melody, or if we were 
going to start trading, so right when the signal hit was kind of [the 
pianist’s] wind up into his first 8 of his trading so that was a spot where I 
was really paying attention to if we were going to trade or continue on 
with the tune. 
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TUNE 5: EMILY (MERCER/MANDEL) 
Formal dimensions: 40 bars, ABAˈCD 
Arrangement: 8m intro, theme, 2 choruses piano, 2 choruses bass, theme 
Performance tempo and duration: 140 bpm; 5:33 

Signal 5.1: Piano solo (1st chorus of solo, m. 4) 

Chorus boundary (Shortly after start of piano solo) 

PIANIST: The first signal came right when I was wrapping up the 
development of my second phrase. I was thinking about [inaudible] my 
second phrase, the first iteration of it, so I was thinking about, ok, let’s let 
that motive finish itself out, finish out an answer and then now it’s time to 
move on to something else. 

BASSIST: The first signal, uh, was, kind of at the beginning of [the 
pianist’s] solo if I remember, and what I was thinking there was, I was 
listening of course to how he was playing and I was trying to decide if I 
wanted to go into a walking three or keep it as sort of a Scott LaFaro, Bill 
Evans ‘three’ based on how [the pianist] played, and the way he was 
playing was pretty broken and fragmented so I kind of kept it that way. 

Signal 5.2: Piano solo (1st chorus of solo, m. 37) 

Chorus boundary (Approaching the end of a chorus within the piano solo) 

PIANIST: The next ding was, I believe, near a point where I was thinking 
about pacing, deciding whether to push on to another chorus or to stop. 
I’ll have to verify that to make sure listening back but that’s where I 
remember that one. 

BASSIST: (see note) The second ding if I remember it was in kind of the 
same spot in the second chorus of [the pianist’s] ’s solo, and I was kind of 
doing the same thing, and I was thinking, is he going to kind of step it up 
and should I start walking, but he didn’t, he kind of kept playing kind of 
fragmented and lyrically, so I just kept it kind of like an open sound. 
except I got a little busier because he was getting a little busier, but he 
wasn’t playing, like, fluid 8th notes so I didn’t feel like I needed to walk 
straight quarters, so that’s what I was thinking then. 

NOTE: Though the bassist appears to have misremembered the timing of this 
signal in relation to the form, his account is consistent with the musical activity 
that was taking place at the time of the signal. 
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Signal 5.3: Bass solo (2nd chorus of solo, m. 6) 

Conspicuous gesture (Fast, dramatic run in bass solo) 

PIANIST: The third one was in the bass solo, A major chord, [laughs], I 
remember it lined up with that A major chord, but what I was thinking 
about there was the bass had just gotten out of developing, playing 
through a fairly busy motive so I wasn’t playing much at that point, but 
then I was thinking OK now we’re in open water, a little less activity there 
and so I’m going to play a long chord at that point, sort of keep the 
foundation going, keep the harmony happening right there, just lay out 
the harmony, cause it had just come from a point where I wasn’t playing 
as much. 

BASSIST: The spot where it signaled during my solo was right when I was 
just gearing up to play one of my kind of ‘macho’ bass runs, you know, 
[sings], one of those, took a bebop lick and learned the fingerings for it and 
could transpose it, is basically [laughs] what that is. I was trying to play 
pretty lyrically up to that point and then that was like a spot for me to 
play something macho. 

Signal 5.4: Out-chorus (Head, m. 25) 

Conspicuous interplay (Dense harmonies in piano; bassist playing pedal points) 

PIANIST: The fourth one was during the melody, on the way out. Pretty 
much at that point just thinking about the melody and trying to 
harmonize it in an interesting way just by adding a couple of different 
pitches, and I was thinking what pitches could I add to the chords, either 
extensions in the voicing or some kind of extra note that I could throw in 
there just for a little more spice. So I was thinking about, just trying to 
grab some sounds that would work there, that were a little less 
conventional than just standard voicings.  

BASSIST: The last signal I remember was towards the second half of the 
head out, and I was thinking, alright, I’m going to go from playing kind of 
these broken, semi-busy bass line to playing more long tones and let [the 
pianist] kind of play more lush chords. And he totally took that cue—if 
you listen to it at that spot he kind of makes some of those chords altered. 
He takes like, C and A minor and D minor and G7 and makes them all 
altered dominant, or something like that, if I remember correctly. He sort 
of filled in the space that I left, without the void of rhythm he filled with 
more of a harmonic kind of sound. So that was kind of cool. So, what I 
was thinking there was just sort of opening up a little bit. 
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TUNE 6: SOMEDAY MY PRINCE WILL COME (MOREY/CHURCHILL) 
Formal dimensions: 32 bars, A Aˈ 
Arrangement: 16m intro, theme, 2 choruses bass, 3 choruses piano, theme, tag 
ending 
Performance tempo and duration: 148 bpm; 5:20 

Signal 6.1: Bass solo (1st chorus of solo, m. 12)  

Conspicuous gesture (Bassist played striking phrase)  

PIANIST: So the first one happened during the bass solo, I was thinking 
about supporting the idea that [the bassist] was playing which was kind of 
this descending idea, following it on through its development so keeping 
my texture similar while he was following that idea through its 
development.  

BASSIST: The first signal...was during my bass solo, and honestly what I 
was really thinking was, man, this solo is NOT happening (laughs), so I 
was not happy with what I was doing and by that point I was thinking 
OK I’ve got to get out of this so unfortunately (laughs) that’s kind of what 
I was thinking there. I didn’t feel like my solo had settled in. 

Signal 6.2: Piano solo (1st chorus of solo, m. 31) 

Performance boundary (Approaching the end of a chorus within piano solo) 

PIANIST: I believe the second ding happened in the last few bars of the 
tune where I was deciding what, right before that I hadn’t made a 
commitment as to what turnaround to play, which was kind of a 
substitute Bb major, B major, C major, B major, so I was in the middle of 
executing that, and I’m pretty sure the bass was playing an F pedal 
against that so that worked out pretty well. 

BASSIST: And the next signal was at the very end of [the pianist’s] first 
chorus and I was pedaling on F so I could hear what he was doing 
harmonically. Like I said at the end of the form a lot of times that’s what 
I’ll do so, and he put a G flat in there which is pretty common so it was 
kind of cool. 

Signal 6.3: Piano solo (2nd chorus of solo, m. 30) 

Performance boundary (Approaching the end of a chorus within piano solo) 

PIANIST: I believe the next signal came about a chorus later right when I 
was around the same thing so I was thinking about returning to that 
turnaround, playing through that turnaround again. I had already 
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committed to that by the time the bell rang but in the moments right 
before the bell rang I was thinking about playing that turnaround again, 
keeping the momentum going into the next part of the solo.  

BASSIST: So, and then the next signal, I know he was probably going to 
play the same thing there but I was also, the next signal was at the same 
spot in the form on the next chorus, and I was thinking, do I pedal 
through this or do I go to the tonic, cause if he was going to play the 
melody I would have gone down to the tonic so I was kind of paying 
attention to what he was doing in his solo and it was obvious that he was 
going to go on and take another chorus. 

Signal 6.4: Piano solo (3rd chorus of solo, m. 14) 

Conspicuous interplay (Intense part of piano solo; bassist playing pedal points) 

PIANIST: (see note) I don’t have a…I know it was later on in the solo but I 
don’t have a clear picture of what I was thinking about so I’m going to 
wait on that one until I hear it and hopefully that will jog my memory. 

NOTE: Though the pianist accurately recalled that this signal occurred during 
his solo, he was unable to report any details of the musical activity. 

BASSIST: The next signal was basically I was thinking I want to hook up 
with him rhythmically and harmonically so there was this section of like 
3-6-2-5-1’s where he was playing all like dominant chords and like playing 
them chromatically down and substitutions so I was playing those, I was 
trying to play the tonics that I thought he was hearing and I was also 
trying to catch his rhythms so it was some sort of like pretty obvious spot 
where we were doing that together. 
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