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Noting Time1 
JEANNE BAMBERGER 

Signs, signs, signs, everywhere there’s signs 
Blockin’ out the scenery, breakin’ my mind 

Do this, don’t do that. Can’t you read the signs? 
 

Les Emmerson, Five Man Electrical Band 
 

 
Introduction 
 
The title, “Noting Time,” is meant to have double meaning: noticing time as it is 
continuously running on; stopping time to note it. The two meanings create an essential 
tension: When we are in action, we are moving with time, noticing it only as its events 
disappear. When putting actions and sound on paper, noting them, we are holding time and 
motion still to be looked AT.  And in between these two senses of noting, as I shall show, we 
germinate disagreements, conflicts, and sometimes even important resolutions. I will argue 
that recognizing these tensions, and confronting emerging conflicts, may provide a path 
toward understanding breakdowns in communication between educators and their students, 
especially those students who are best at navigating and learning in a world of action and a 
world in flux.  

I have pursued this agenda by making close analyses of students as they move 
between action, reflection, and representation (Bamberger, 1991, 1996, 2005, 2007). I 
continue to be fascinated by spontaneous inventions of notations because they show the 
complexity of this conceptual work and the evolution of learning involved as it is happening. 
Sometimes this complexity emerges by comparing one person’s work with that of another's, 
and sometimes it can be seen in watching just a single person as from moment-to-moment 
she transforms for herself the very meaning of the phenomena she is working with.  

But it is so easy to miss these remarkable transformations from action into description 
if we limit our looking and take as givens just those kinds of entities that are selected by our 
conventional notational symbols. Instead, I make the assumption that the moves from a 
student’s live performance to his noting that performance, serves as critical evidence of the 
student’s intuitive know-how—e.g., her selective attention, what he/she is attending to in 
listening and performing, and, in turn, how and what she/he selects for attention as note-able 
on paper. Such analyses have led me to ask the following questions, critical to the learning 
that is expected of students in school: 

How and why do we transform knowledge-in-action that seamlessly guides 
performances in and through time, into representations that hold still to be looked at 
and upon which to reflect? 

                                                      
1 Noting time 
 a.  Paying attention 
 b.  Notating  
The two meanings tend to defeat each other: A notation stops time, stops action, makes discrete   what is 
continuous, going on This contentious meeting between noticing time and stopping to note it, helps to account 
for why students are failing to learn in school, especially those who are best at navigating and learning in a 
world of action and in flux. 
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How is the selective attention implicit in a student’s moves between performance and 
invented notation different in specific ways from the selective attention that is implicit 
in the conventional notation for that performance? 
 

Most important, I argue that the goal of teaching and learning is not to overcome the powerful 
means that students use as they select for attention in managing themselves in the world 
around them. The goal is rather to help students understand and make explicit their 
knowledge-in-action, and then to build on that potential (Vygotsky, 1978; Tolstoy,).  In this 
way students who are seen as unable or unwilling to learn, gain respect for their already 
powerful know how, while also gaining access to a broader repertoire of possible foci of 
attention, permitting them to choose depending on when, where, and what for.  
 
Disparate Notations 
 
Multiple, often conflicting notations inevitably arise because all representations and 
descriptions are necessarily partial. They are so in two senses:  they are partial in being 
incomplete, and they are partial in that they favor, or are partial to the maker’s attention to 
certain aspects of the phenomena while ignoring others. And this is just as true of those 
notations that are the privileged provenance of communities of professional users as the 
notations invented by novice students.    For instance, Morrison says of the cartographers 
working notation:   

...each map is in a way a theory that favours certain approximations.  Procedures like 
selection, simplification, displacements to make room, streams, and roads so narrow 
that they would become invisible at true scale, enter inescapably” (Morrison, 1991). 

 
Thus, to understand the “theories” implicit in notation systems and to use their referents 
appropriately, we must focus on the particular “favoured approximations” that the notation 
assumes. The critical questions with respect to learning then become: 
 

How do we learn to look AT our effective actions so as to find and extricate selected 
and represent-able features from the meld? 
 
What features are initially privileged when the performance of a rhythm becomes a 
description of it? How do features selected for attention change and develop? 
 
Do description/notations influence the performances that the notation makers make?  
How can we tell? 

 
To seek answers to these questions, we will need to engage the resilient paradoxes that arise 
when we confront the implications of “noting time:”  

To take measurements or to analyze and compare patterns we must arrest the flow of 
music and seek quantitative representations of musical events.  But music as 
experienced is never so arrested...To the extent we find it comprehensible, music is 
organized; but this is an organization that is communicated in process and cannot be 
captured or held fast.  Hasty, 1997: 3 

 
In everyday life in schools, we see children struggling with the symbolic conventions that 
implicitly entrain such paradoxes. Indeed, I have found that the most evocative situations, the 
most productive research questions happen in the real life of the classroom—the moments 
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that arise in trying to understand puzzling events that occur in the midst of working with 
students.  In these moments caught on-the-fly, teaching and research, instead of being 
separate and different kinds of enterprises, become a single mutually informing one. 

To probe the course of the struggles, that are often inherent in learning, I follow one 
student  as he moves between performing a rhythm,  seeking some way to capture and hold it 
still, and then again performing what he has noted. Focusing on the objects of attention that 
invention and convention each privilege, I will show that there are specific and critical 
differences between them, and that these, in turn, help to account for critical barriers to 
learning.  Going on to what might be required to coordinate these disparate representations, I 
will turn to a “common workspace” where math, music and science inform one another—a 
playground where imagination and creativity flourish in an unexpected affinity. 

 
The Current Working Environment 
Roxbury Community College Upward Bound Program 
The Neighborhood and the Students 
 
The setting for the current work reported here is the Roxbury Community College (RCC) 
Upward Bound program. The Target Area served by RCC Upward Bound includes the 
severest of Boston’s socio-economic problems. 29% percent of the population in Roxbury 
lives below the poverty line. In turn, the neighborhood High Schools targeted by the program 
represent some of the lowest performing schools in Massachusetts with dropout rates as high 
as 17%. 56% of students failed the 2005 10th 

grade MCAS English test, and 63% failed the 
MCAS math test – both mandatory for high school graduation in Massachusetts.  
The RCC Upward Bound Project provides instruction, remediation, counseling and other 
enrichment services to 60 participants from Target High Schools each year.  Academic 
instruction, arts instruction, computer & technology instruction, environmental sciences, a 
foreign language and other structured activities are explored in the academic year component.  
The summer component, while offering the above subjects, also offers other diverse 
enrichment activities for participants. 
 
The Math, Music, and Drumming Project (MMD) 
 
The MMD project was one component integrated into the larger Upward Bound program. We 
focused specifically on students in 9th grade (13-15 years old). MMD met twice a week for 
two and a half hours after school.  The staff included the director, a recent graduate in music 
technology from the Berkley School of Music, a professional African drummer originally 
from Africa, a mathematics specialist, and several part time music and math consultants 
including myself.  

The challenge we faced in developing the program was in finding effective and 
attractive ways to bring together the students’ excitement in making music, with the quieter 
and more reflective modes necessary for appreciating the mathematics inherent in the 
structures of the music they are making.   We recognized that our own learning was going to 
be critical—learning to appreciate the students’ already powerful know-how, to respond to 
their intuitive ways of learning, while also identifying and working with the kinds of barriers 
to understanding that we might see emerging in their work.     

While the task I describe, here, does not directly engage mathematics, the issues that 
accrue are linked to fundamental aspects of the problems students are coping with in 
understanding basic arithmetic as well as written language.   In particular, it is the issue of 
extricating stable and note-able features from the elusive, practical actions that pass by 
without leaving a trace.  
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In this regard I take particular notice of the distinction between two disparate but obstinately 
present aspects of musical events and structure:  properties of events are features that 
typically are measurable, usually in relation to a given unit; they are discrete,  context-
independent, and relatively easy to represent symbolically.  Events as functions are 
continuous, are entirely dependent for their meaning and use on the context in which they 
occur; they are relatively difficult to represent symbolically.  I argue that it is functions that 
we appropriate most naturally in our hearings of music and in our performances, while 
properties emerge primarily in response to a need or a requirement for communication 
through some form of visible representation. 
 
The Task 
 
The task that I discuss here, developed in the fourth week of the program after the students in 
the MMD had been briefly introduced to African drumming. During a discussion among the 
MMD staff about possible notational alternatives, we decided to ask the students to invent 
their own ways of representing a rhythm rather than choosing from among various available 
drumming notations. As suggested previously, we believed this would be a means for 
determining what the students, themselves, might be selecting for attention as they moved 
between performing a drum rhythm and making a notation for it. What we didn’t anticipate 
was the extent to which the process would illuminate the conceptual tensions inherent in 
these moves.  

I focus, here, on the work of just one student whom I call simply J. I have chosen J’s 
work because it illustrates most dramatically the conceptual issues that emerged in the task, 
His work also turns out to illustrate what I believe to be a critical aspect of teaching and 
learning: the most interesting research questions arise when noticing and trying to account for 
surprising and often puzzling moments of learning that occur spontaneously in classroom 
settings. Noticing, for example, the enigmas that unexpectedly arise in J’s work, revealed the 
complexity of the transformations that can occur as students travel across sensory modalities, 
media, and modes of representation.  

The activity begins with the teacher, whom I call, G., drumming a rhythm that each 
student is to play back on his own drum.  After the students have each successfully played the 
rhythm, they are asked to find a way to write down the pattern so someone else could play it. 
G’s instructions for the notation task were as follows:  

So let’s take a five minute break or a ten minute break, and you invent some way to 
write it [the rhythm pattern]. For example, a lot of your classmates are not here in 
class today, so if you were to teach them, they have no idea about what I told you, 
what I just told you; but you have to find a way to narrate to them this  
whole idea just by using something that you have written. You cannot say anything to 
them, you cannot hum anything, or like play anything on the drum for them. OK?  

 
The language G uses in presenting the task to the students illustrates his evocative and 
respectful relationship to the group. He presents the notation task first in terms of a practical 
need—i.e., to teach the rhythm to the students who were not in class that day. Further, G 
refers to the drum pattern he has played as what I just told you—as if the rhythm speaks or G 
speaks through the rhythm. Continuing in a quasi story-telling mode, he asks the students to 
narrate [to the others] the whole idea just by using something that you have written. Through 
his language, G. frames the task as a collaborative one: Rather than some kind of test, 
“writing” the rhythm is likened to teaching the rhythm to others as if narrating or re-telling a 
story--but without speaking; just by writing it down to be read.  
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Looking back for a moment, at the beginning of the session before going on to the 
notation task, we see that J has a problem in drumming part of the rhythm pattern that G has 
played for the group.   This problem follows him throughout the notation task, as well. 

 

 
 

                                                                                Figure 1 
 
Problematic part 
 
To work on the problematic part of the rhythm, J adopts the strategy of carefully counting out 
the 8 drum strokes that G is playing in that bit. While the strategy is successful, the process 
creates an important by-product: J’s count-up carves out 8 discrete events, extracting them 
from the continuous flow of the rhythm, they are turned into 8 de-contextualized “objects.” 
As J moves on into the notation task, this object-making or objectifying of events is a first 
example of the conceptual distance that can be created between action and representation. In 
particular, it illustrates the distinction, and in J’s case, the conflict between events as 
properties and events as functions.  
 
Noting The Rhythm 
 
It is critically important that throughout J’s work in inventing “some way to write” the 
rhythm, we see him repeatedly going back and forth between correctly playing the rhythm on 
his drum, watching himself do that, and returning to working on his writing.  In watching 
himself drum the rhythm, J. seems each time to be asking a new question in search of 
emerging features that he can hold steady and that could be note-able.   
 J’s completed notation is striking in the kinds of features and the level of  detail that he 
includes.2 

                                                      
2 J’s up and down numbering is a residue from a previous exercise where the students were alternating between 
playing at the rim of the drum and in the center of the drum.  However, I. never mentions this aspect of the 
noatation nor does it play a role in his explanations. 
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Figure 2. J’s Notation 
 

 
 

Figure 3. Conventional Rhythm Notation 
 
In his notation (Figure 2) J clearly gives precedence to structural groupings or what are 
sometimes called temporal gestalts.3  Structural groupings (or “figures”) are entities such 
as phrases or motives, which are dependent for their meaning on the context in which they 
occur, their boundaries forming the momentary goals of musical motion (Bamberger, 
1996).  “Grouping structure” has been described as: 

…the most basic component of musical understanding, expressing a hierarchical 
organization of the piece into units such as motives, phrases, sections, etc.  (Lerdahl 
and Jackendoff, 1983).  

 
In his noting, J develops three levels of groupings—i.e., a structural hierarchy.  At the top 
level are the Sections: First Step, Second Step, and Last Thing.  At the next level, embedded 
within First Step, are two clearly bounded motives called First Thing and Second Thing.  And 
at the most detailed level, there are the individual drum strokes—1-2-3, etc.  
   
1) Sections:  
        First Step, Second Step, Last Thing4 

2) Motives (embedded in Sections):  
                 First Thing; Second Thing 

       3) Drum strokes (embedded in motives):  
                          1-2-3… 
                                        

                                  Figure 4.  J’s Structural Hierarchy 
 
It is particularly interesting that the hierarchy of functional grouping structures (FGS) to 
which J gives priority, is not shown at all in conventional rhythm notation (CRN). It is 

                                                      
3 One might read J’s markings for and around figural groups as “bar lines” but, as will become clear, they are his 
invention for showing figural boundaries. 
4 Labeled “Last thing” rather than, for instance, Third step, this is the last in that sequence of repeated motives 
but the whole section stills stand alone as the final section.  
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equally significant that FGS is not only …[t]he most basic component of musical 
understanding, it is also critical to what we usually mean when we describe a performance as 
“really musical.” Specifically, structural groupings are the basis for performers’ decisions 
concerning the shaping and articulation of phrasing and the larger grouping of phrases into 
sections. These groupings are projected, for example, through string players’ decisions 
concerning bowing and fingering, or singers’ and wind players’ decisions concerning 
breathing. 

While J gives precedence to FGS in his noting, it is equally significant that he does 
not include the very foundation of CRN, namely, relative duration and metric grouping 
structure (see Figure 3.)  These stark differences between FGS measured durations of CRN 
illustrate the most pervasive difference between notational invention and conventions.  
Further, this particular difference also illustrates the distinction between, on one hand, 
representing the function of events within a context, and, on the other, representing the 
measured, context-free, discrete properties of events. Thus, J’s hierarchical groupings reflect 
and depend on patterns of functional relations among events, while durations, which he does 
not show, reflect the measured, objective properties of events.  This distinction is also critical 
to the surprising explanations that J makes concerning how his notation works.  
 
Explaining  
 
After J had completed his notation and with G’s patient and supportive questioning, J 
explains his notation, step-by-step, “narrating,” pointing, and tapping as he goes along.  
[Please follow Figure 2 while reading the conversation that follows]. 

G:  [Looking at the notation] So what does first-//-How do you read it?5 
 
J:  First step like-//-The first thing you have to do is like-//-do one, two,  
and three, and keep going, like again, one, two, and three. 
[gestures with his hand in time with his speaking]. 
 
G: So read like-//-so put your finger on the steps that you’re-//-let’s say we’re playing 
the first step. 
 
J: [Following the numerals with his finger, tapping in time with his narrating] Okay.  
One, two, three-//- Then I’ll say, you do again, one, two, three.  

 

 
 

Figure 5. Following—1-2-3 
 
 

                                                      
5 -//- indicates a brief pause. 
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G:  Okay 
 
J:  And then, when they’re done with that, I say, after that, you have to do the 
same thing but eight times. Like one, two, three four, five, six, seven, eight. [J 
counts out the eight events in Second Step at the same rate as the events in First 
Step.] 

 
 

Figure 6.  Counting Second Step 
 

J: And then after that, I say, you have to repeat the first step-//-is one, two, three. 
Noticing a problem with Second Step, G proposes a plan: 

G:  Oh, that’s a nice way to-//-So let’s see-//- Let’s read it from here      
[points to the top of J’s notation].  Let’s hear you play it. 

 

 
 

Figure 7.  J’s “score” 
 
J now plays the rhythm on his drum while still closely following his “score.” He fumbles a bit 
on arriving at Second Step, counts 1 2 3 4 5 6 7, stops, says “darn,” and starts again from the 
beginning. This time, still following his “score,” he once again plays Second Step as 8 even 
strokes at the same basic rate as the events in First Step. Transcribed into CRN, Figure 8 
shows J’s drumming performance of the rhythm:  
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   J:   1  2   3            1   2   3             1     2     3    4     5     6   7     8     1   2   3 
 

 
   First step                                      Second step                                Last thing 
 

Figure 8. J’s Performance 
 

 
Discussion 
 
So far, following or reading from his score, J has played and “narrated” the rhythm 3 times.  
The first time, stopping after First Step upon G’s request to put your finger on the steps; the 
second, a full performance tapping and pointing with his finger along the “score;” and a third 
performance in response to G’s Let’s hear you play it.  This time, J plays the rhythm on his 
drum instead of tapping with his finger, but still, he is reading from his score as he drums.  
In each of these performances, whether pointing on the notation or drumming, J consistently 
plays Second Step as 8 distinct, durationally equal events at the basic rate of the events in 
First Step. Indeed, in his explaining, he says, after playing and describing First Step: …after 
that [First Step], you have to do the same thing but eight times. His actions clearly 
demonstrate that “same thing” means to continue on to play the events in Second Step at the 
same rate as the events in First Step.  
In short, despite having played Second Step correctly a number of times while developing his 
notation, J now literally reads what he has written rather than what he (and G) had previously 
played. His own written marks, 8 evenly spaced numerals, gain a credibility that overrides his 
fleeting memory of past and passing actions. J’s invented notation, holding still as a text, 
becomes instructions to himself. The text usurps what the instructions were originally 
intended to instruct—he plays the text he has invented. 

In trying to account for what has happened, recall that J initially had trouble 
drumming Second Step at the beginning of the project.  And to help solve the problem, his 
strategy was to carefully count-up the 8 drum strokes that G played during the problematic 
section. It seems likely that now, in trying to manage the problematic Second Step, J turns to 
his earlier strategy.  That is, he now enumerates and performs the 8 “count-objects” that he 
had singled out from G’s on-going performance.  These de-contextualized “objects” thus 
replace the more elusive memory of his own previous performances when Second Step’s 
events were functioning members of the continuously unfolding rhythm. 

J’s narration and his performances illustrate the potential risks we face in stopping 
time to extract, hold still, and note events as discrete, measured properties.   Hasty puts the 
matter this way: 

...By transferring the concept of number to time, we exorcise becoming, 
transition, and indeterminacy and replace them with a static, instantaneous 
being. In this way we can gain control over time—the past is never truly 
lost, and the uncertainty of the future can be dispelled by the operation of 
addition applied to the variable t. 
               C. Hasty (1997: 9)  
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Confronting The Problem 
 
In the spirit of respecting students and believing in their abilities to manage themselves, G 
doesn’t just tell J what is wrong and how to fix it. Instead, he says:  

G: Yah, that’s uh---I understand what you’re doing. Do you remember what we 
played? [G drums his original rhythm] You see what you played just a moment ago 
was…  

 
But as G begins to play Second Step, J interrupts and says:  
 

J: I’ll say, go fast.  
G: Go faster, Okay. Well you want to write that here somewhere?  

 
     J recognizes that the difference between the two performances has somehow to do with 
“fastness,” but he fails to single out just the Second Step for attention. Annotating his “score” 
at G’s suggestion, J adds three arrows and writes, Do all of this faster. 
 

 
 

Figure 9. J's  Annotated Score 
 
G:  Do all of this faster? 
J:  All of this together, faster. Like… 

 
Abandoning reading from the "score" now, and playing freely "by ear," J does indeed drum 
the whole rhythm "faster" in tempo.  But he also plays Second Step "faster" than First Step—
i.e., he plays it correctly.  But this is a different sense of "faster." 

G:  O.K. that’s very close.  But, if you say, do all of these faster,  
So wouldn't someone be-//- well, actually let's wait and see…. 

But again there is a surprise:  To demonstrate his annotation (Do all of this faster?), J does, 
indeed, drum the whole rhythm “faster, than a “faster” tempo in comparison with previous p 
performances—i.e., an increase in the rate of the underlying beat. And he also plays Second 
Step “faster” but the tempo remains the same throughout. That is, J keeps the same beat, but 
correctly plays twice as many events per unit beat in Second Step in comparison with the 
events in First Step. 
         How can we account for J’s correct performance, here?  It seems possible 
that by abandoning his attention to the “score,” he is freed from the results of his 
analytical search for secure notability and its discrete count-objects. Instead, J is 
carried along by the feel for the continuously unfolding rhythm; His previously 
familiar action path of performance takes over. This final performance seems a 
beautiful illustration of the essential tension: on one hand, the risks involved in 
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making, believing in, and following note-able events on paper--standing steady, 
discrete, context-free; and on the other, playing “by ear” as one is following 
familiar “action paths”--invisible, context-driven, embodied sounding events. 
Hasty describes the tension:  

 
This tension between the fixity of what can be grasped as order in abstraction and 
the fluidity of felt order in experience arises whenever we attempt to submit an 
esthetic experience to analysis. (Hasty, 1997: 3) 

 
The puzzlements in J’s work help to address the relevance of questions raised at the outset: 
• How why do we transform the knowledge-in-action that seamlessly guide 
performances disappearing in time, into representations that hold still to be  
looked at and upon which to reflect?  
• What is the influence of representation on performance? 
Leaving us with the further question:  
•  How can educators help students appreciate and build upon their knowledge-in-action so as 
to coordinate it with broader repertoires of new, emergent features?  
With respect to the last question, what strategies would help J appreciate the importance of 
the hierarchical grouping structure he favors, while developing means for coordinating these 
intuitive structures with representing time relations—the feature that conventional rhythm 
notation favors?  And how can these two aspects be integrated so as to address the special 
issue of differentiating among the possible meanings of “faster?”  
  
Going On:  A Common Workspace 
 
As a mediating link for J, I would propose making explicit and visible the existence of an 
underlying temporal unit, the “beat.”   Indeed, while J has not explicitly noted the beat, he has 
done so implicitly, even in his invented notation.    

For example, in his notation and especially in his performances and narration while 
explaining them, he has made and kept a steady pulse, beginning already in First Step and 
deliberately continuing it on into Second Step.   More implicitly, in his performances, he is 
also responding to the role that relative duration plays in actually generating the structural 
grouping boundaries he has privileged in his notation.  Specifically, his repeated performance 
of longer durations on the third events of “first thing” and “second thing,” actually generate 
the boundaries, the bundling, of the two inner motives (1-2-3; 1-2-3) he has so carefully 
marked off.  The strategy, then, would to help J develop further this already present but silent 
participant in his understanding and representation of the target rhythmic structure. 
 

                     
                        Figure 9a. J’s grouping boundaries 

 
The general principle of the relation between duration and boundary-making is this:  When 
shorter durations lead into a relatively longer duration (all else being equal), the shorter 
durations attach themselves to the longer duration, the longer duration then generating a 
grouping boundary Lerdahl and Jackendoff, 1983). This principle of temporal grouping is 
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analogous to the visual gestalt principle of proximity or contiguity that states: when we 
perceive a collection of objects that are closer to together, we see them as a collection or as 
forming a group.  Thus, in the illustration, below, we initially see three groups and only later, 
if needs be, 8 individual objects. 
 

 
 

Figure 10. Three groups rather than 8 individual objects 
 
So here we have the possibility for making a functional intersection that would helping J 
coordinate structural grouping which he favors, with duration, which he did not note.   The 
intersection lies mainly in an aspect of rhythmic structure that is often not noticed.  It is the 
proportional time relations among events in a performed rhythm figure that actually generates 
the underlying beat in real time.  Furthermore, it is the beat, as a temporal unit, which we use 
to measure the varied durations that generated it. 

This most perfect example of a recursive relationship is mirrored in Shakespeare’s 
example of nature’s recursion: “...fire Is consumed with that which it was nourished by.”  In a 
similar recursive manner, the beat is generated by that which it, in turn, measures.  And 
generalizing still more broadly, this recursive relationship helps us to differentiate between 
different musical meanings of J's expression, "going faster." 

Going Faster 1:  An increase in the rate of the unit beat, itself—what we call an 
increase in tempo.   Technically an increase in tempo is an increase in the period where 
periodicity is the quality of events repeatedly occurring at regular intervals in time. 

Going Faster 2:  The rate of the beat (tempo) remains the same but the number of 
events per unit beat increases. Technically this is an increase in the frequency of events 
within a given period.  Thus, doubling the number of events per beat in Second Step is an 
increase in frequency while the period remains the same. 

 
This second sense of going faster is clearly illustrated by the opening of  “Winter” from 
Vivaldi’s Seasons.   Notice that the rate of the beat, the tempo, is established by the strings 
iteratively playing a regularly recurring time interval (the beat or period).  But when the solo 
violinist enters, he is “going faster” in the sense of playing more notes in relation to that 
underlying beat (an increase in frequency) while the beat continues on at the same rate.   It is 
this sense that J’s Second Step is also going “faster.” 

Returning now to J’s noting and the problematic issue that both G and J approach 
when J tells his readers to Do all of this together, faster,   The problem is that he is referring 
only to “Faster 1”--i.e., his readers should play the whole rhythm at a faster tempo.  While 
this “faster” doesn’t take into account the differences between the two meanings, the two 
meanings are, in fact, illustrated by J’s final, correct performance: On one hand, he plays the 
whole rhythm in a faster tempo as in Faster 1, but on the other hand, he also drums Second 
Step so there are more notes per beat—faster in the sense of Faster 2. 

I asked myself, how could we help J differentiate explicitly between his directive to 
play “all of this faster” and the “faster” in his earlier and correct  final performances of 
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Second Step?  Could making this distinction also potentially address the distinction with 
respect to “faster” phenomena in the natural world, as well? 
Merging Worlds 
One kind of element shared by objects in the common workspace where math, music, and 
science live together, is a pulse or temporal unit—what we have been calling a beat. The 
beat’s action, a functioning periodicity, is a way of making time palpable by marking off 
continuous time and motion into discrete, regularly recurring events. A beat is natural: we 
feel a beat, we follow a beat, babies keep a beat as they nurse, street kids do it.   And it is also 
potentially a measure, a counter, an embodiment of a constant.   

Periodicities are one way our physical selves merge with both the built world—
pendulums, pistons, clocks, blinking lights and window wipers, and with the natural world—
waves, a heart beat, a dripping leaf, and the rain on the roof.  While we share this regularly 
recurring time unit with nature and machine, we need to puzzle over, to push our 
imaginations to see how it works, how the worlds intersect—what generates a beat in musical 
performance, how do pendulums make a beat, how does a beat change, and what does it 
mean when musicians ask you to “bend” a beat?  I propose that exploring these questions 
among media, sensory modalities, and modes of representation will help J and others to better 
understand musical rhythm structure and how, specifically, we create the coherence we 
intuitively feel. 

....To posit a central (cortical) ‘pacemaker’ as a device that might 
account for our ‘time sense’ is to ignore the fact that all processes take 
time and that their durations—their particular ways of ‘taking time’—
are inseparable from what these processes become.  Hasty, 1997: 168-
169 
 

Impromptu:  Alternative Representations 
 

While I cannot test these proposals with J since the group moved on to other things, 
the computer music environment, Impromptu, which I developed, has helped other students 
explore related issues around noting time.  The math/music connection is made quite explicit 
in these situations particularly by moving across and integrating modes of representation, 
media, and varied sensory modalities.   In working with others, these situations engendered 
both reflection and controversy6  For example, the environment includes, specifically, 
multiple modes of representation—several kinds of graphics, numbers with differing 
functions, along with instrumental genre that attract differing sensory modalities. In the light 
of the proposals for furthering J’s work, students are encouraged to make their favored 
features explicit and to coordinate them with new features and relations that emerge as they 
continue their explorations (see Bamberger, 2003) 

As an example consider J’s noting of First step juxtaposed with First step as it is 
represented in the “rhythm bars” graphics in Impromptu and in CRN:  

 

   
 

Figure 11a. J’s First step 
 

                                                      
6 Mathematics educators (Lesh, et al., 1997) have argued, “...translation activities across representational 
contexts provide critical learning opportunities for students, enriching and coordinating understandings of core 
ideas.” 
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Figure 11b. Impromptu graphics for First step 
 

        
     Figure 11c. CRN7 

        
Impromptu graphics and J’s noting both clearly show the structural groupings, “First Thing” 
and “Second Thing,” that J so carefully marked off and labeled within his First Step. 
However, differences in the way these grouping boundaries are made visible, also focuses 
attention on the different musical aspects that the graphics represent.  J gives sequential, 
(ordinal) numbers to the events, and he actually marks boundary lines around them to contain 
or bundle up the events in groups. In the Impromptu graphics, events are neutral lines and 
most important, boundaries are made visible by the relatively larger space between these 
events/lines.   The space shows groupings in two ways.  First, purely visually, the space 
creates groupings as in the gestalt proximity principle defined above and shown in figure 10.  
Second, in Impromptu’s graphics a larger space actually represents a relatively longer space 
of time—i.e., space is an analog of time.  Indeed, it is the longer durations (technically, the 
longer attack time between events) that actually generate the groupings that J has noted with 
his boundary lines.  While both of these representations are iconic—i.e., they are two ways of 
picturing temporal and grouping relations, conventional notation, in contrast, is entirely 
symbolic. 

 J’s graphics and Impromptu graphics actually communicate different kinds of 
information: J’s drawing effectively tells us about the rhythm grouping structure but only 
implicitly how to play it.  In contrast, Impromptu’s space-for-time graphics show us the 
temporal relations that have actually generated those boundaries. This adds a whole new 
feature to those that J has privileged.  

Neither noting, however, shows us exactly how much longer the boundary events are.  
This only becomes clear if we find and add to the space-for-time graphics the underlying beat 
that is actually generated by the rhythm pattern.  

   

 
 

Figure 12. First Step and the underlying beat it generates 
 
If we clap the on-going beat, “keeping time” to the events in First Step, our clapping will 
coincide with the lower lines that are beat—the time unit that the rhythm is generating.  
Using the beat as a unit of measure, now, it is clear that  the duration of the boundary event is 
doubled since two beats go by for each single boundary event.

6  

Looking at the rhythm in Second Step together with the underlying beat, it is clear 
that two events go by for each beat.  Thus the “frequency” in Second Step has doubled, but 
                                                      
7 CRN, in turn, shows metric boundaries which, in this case, happen to coincide with the motivic or structural 
groupings. 
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the underlying beat remains the same. This corresponds to the sense of “getting faster” in the 
Vivaldi excerpt (Fast 2). 
 

 
 

Figure 13. First Step, Second Step and Last thing 
 
Finally, looking at J’s noting together with Impromptu’s spatial analog graphics, we see 
another important difference:  Comparing the two notations, we have an example of how 
selective focus can also result in “seeing” equivalences differently. With J giving precedence 
to the hierarchical structure of the rhythm and its three parts, he “sees” each of the three steps 
as equally significant. This equality with respect to structural significance is then reflected in 
his noting--each step is made equal in space. Impromptu, in contrast gives precedence to 
measuring duration and to its graphic representation in the space/time analog. This is 
reflected in showing First Step and Second Step plus Last thing as equivalent in time/space—
8 beats and 8 beats. 
 

 
 

   Figure 14a. Three, time/space equal parts 
 

      

         
 

    Figure 14b and c. Two time/space equal parts 
 

As a result of these differences, another critical difference emerges: Impromptu 
graphics do not note, in fact blur over, the three level structural hierarchy that J so clearly 
represents. Altogether, then, Impromptu graphics clearly present an alternative representation 
to J’s noting, but still one that intersects with J’s invention.  Each is favoring some aspects 
that are shared, some that are different, but they are understandable in terms of one another. 
In this way each notation helps to inform, to validate, and to enrich the other  
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Conclusions 
 

In the introduction to this article I explained that the title, “Noting Time” was 
intended to have double meaning, the two meanings presenting an essential tension. I have 
chosen to make a close analysis of J’s work because it illustrates and illuminates so clearly 
the nature and also the generative potential of this tension. On one hand, J is noticing time as 
embodied by functional gestures, his knowing-in-action—those aspects that disappear as time 
goes on.  On the other hand, by putting actions and sound on paper, noting them, he is 
holding time and motion still to be looked AT. In turn, G’s patient and respectful probing and 
J’s response to it has shown how close attention to the juxtaposition of action, notating, and 
reflection may provide a path toward learning as well as a path towards communication 
between educators and their students.  And this is especially true of students who may be 
failing to learn in school, but are able to manage an outside world that is often in flux.   

My intention has not been to promote a theory or to provide advice. Rather, I have 
focused on J’s work as a means of illustrating how inventing a notation can provide a source 
for discovering the conflicts between the notational conventions that students are expected to 
learn and use in school and those that emerge as privileged in students’ invented notations. 
J’s invented notation, in particular, reveals specific and critical differences between the 
aspects to which J, as a novice, gives priority and the aspects that conventional rhythm 
notation privileges. Further, the conflicts that emerge in J’s work, demonstrates that students’ 
failure to learn, may result from the more extreme fact that conventional notations are 
actually referring to kinds of entities and relations that have no referents at all in students’ 
note-able or immediate experience. The challenge then becomes one of helping students 
recognize and appreciate the efficacy of the powerful know-how that they do have access to.   

In J’s case this knowledge-in-action meant his careful “chunking” and detailed 
representation of the three functional sections of the rhythm pattern and their embedded 
levels. In turn, G’s effective recognition of J’s work gives J both the confidence and the base 
from which to grapple with the symbolic conventions, such as those measuring temporal 
relations, that are expressing distinctly different features and ways of knowing them. The 
future challenge is to develop strategies for integrating these new, emergent features with 
those to which students such as J are already noting. In this way students who may, in typical 
school situations, be seen as unable or unwilling to learn, gain respect for their already 
powerful knowledge-in-action, while also gaining access to a repertoire of other possible foci 
of attention, permitting them to choose depending on when, where, and what for. Finally, I 
argue that for this program to be successful, it is essential that both teachers and students seek 
to make explicit, and to share their musical knowledge--how and what they know and the 
assumptions that underlie that knowledge. Building on this knowledge together is the 
foundation of a relationship in which teaching and learning may become a reciprocally 
generative enterprise.  
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