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Abstract 

Temporal Plane Shifting and Suspended Time in Something Like Your Lagrangian Point and 

Nothing Never Always Sometimes Changes 

 

Emily Praetorius 

 

This paper explores the compositional method of “temporal plane shifting” used to evoke 

states of suspended time in two of my compositions, Something Like Your Lagrangian Point 

(2019), for two pianists and two percussionists, and Nothing Never Always Sometimes Changes 

(2021) for alto flute/piccolo, tenor saxophone, violin, cello, and piano. Temporal plane shifting 

involves overlaying musical material of unrelated tempi—what I call “temporal planes”—to 

create an experience of time that parallels being in two different locations or states at once. I 

argue that this creates the feeling of “suspended time.” This paper begins with an overarching 

theory that, because our conceptions of time are bound with our conceptions of motion, states of 

entrainment are thus felt as locations in space. This argument is then expanded to explain the 

reasoning behind suspended time as the sensation of being in two locations at once. The rest of 

the paper uses the aforementioned pieces to explore how temporal planes are composed by way 

of instrumental juxtaposition, rhythmic juxtaposition, material limitation, and gestural repetition, 

and ends with a discussion of future considerations for the expansion of temporal plane 

composition.
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Introduction 

  I first became interested in the idea of temporal suspension in my own compositions 

after starting a routine meditation practice in 2017.1 During that time, I had come to realize that 

the increasing pace, overstimulation, and pressures of daily life had been leading to feelings of 

anxiety, disconnection, and a growing inability to sit contently with myself—peacefully and 

undistracted. This meditation practice was one of the ways in which I chose to slow down, 

reconnect with my body, and regulate my hamster-wheel of a mind. In short, it led me to the 

rediscovery of a self that can be in a state of intense focus, awareness, and internal stillness. 

While I was able to achieve these three states simultaneously and very acutely in meditation 

sessions, it remained a challenge to take this inner stillness with me into the outside world. The 

finitude of these focused, still states fueled my interest in attempting to reach this sensation 

outside of the confines of meditation and, even further, in the realm of composition.  

The combined states of focus, awareness, and stillness transformed my way of seeing and 

being in the world, and can be characterized predominantly by the dual sensation of achieving 

hyperawareness and non-reactivity. It is a duality that seems paradoxical to daily life, in which 

awareness is constantly breeding reactivity. I experience this state of mind as a feeling of internal 

“hovering,” or being both above and outside of ordinary physical or temporal sensations.  

Something Like Your Lagrangian Point (2018),2 written for two pianists and two 

percussionists, was intentionally composed with this feeling in mind. “Lagrange Points” or 

 
1 This meditation practice was a daily, self-guided session of 20-30 minutes, drawing from the disciplines of Zazen 

meditation and mindfulness meditation. I in no way claim to be an expert at, nor student of either form of 

meditation, but do acknowledge the long traditions behind both forms and continue to appreciate how 

transformational even a small amount of study has been to me. 
 
2 Premiered March 2018 by Yarn/Wire at Shapeshifter Lab in New York City. Three movements, 22 minutes. I will 

abbreviate the title of this piece as “Lagrangian” throughout this thesis to simplify the flow of reading. 
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“Lagrangian Points” are points at which the gravitational pulls of two large bodies cancel each 

other out, creating a point in space at which smaller bodies will remain in the same location 

between the larger gravitational forces during orbit. The title comes from the inner sensation of 

hovering one sometimes feels when experiencing mental, psychological, or spiritual in-between-

states, analogous to having one’s own, internal Lagrangian point. 

In this piece, I sought to relay this hovering sensation by compositionally blurring the 

temporal boundaries between performers. Although the compositional methods were mostly 

intuited at the time, retrospective reflection of the score has shown a pattern of blurring temporal 

boundaries primarily through contrasting strictly rhythmic figures against arrhythmic figures and 

pitting separate tempi against each other, either rhythmically or, as in the case of the second 

movement, literally. The initial idea of Lagrangian was in fact for a much larger work of six 

movements,3 with each movement exploring a different approach to organizing musical time and 

synchrony. The final piece was much smaller in scope, but the underlying framework of differing 

temporal organizations in the movements still remains: the first movement plays with the 

contrast between isolated and unison rhythmic phrases, the second movement explores the 

possibilities of composing and synchronizing two different tempi, and the third movement seeks 

to coordinate rhythmic interjections within a free-floating atmosphere with the assistance of 

timers. 

  At the time of composing Lagrangian, I was also extremely interested in creating 

psychological experiences for performers in which their foci would slide in and out of isolation 

from each other throughout the continuation of a piece. This is a process that performers 

 
3  The piece as a whole was to have the last movement connect to the first movement. The movements were to be 

composed in such a way that the performers could begin with any movement and finish once the performers had 

circled back to the initial movement they had started with.  
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experience most strongly in the temporal realm (by playing in unrelated temporal frameworks) 

and is one that by necessity involves alternative ways of synchronization. Nothing Never Always 

Sometimes Changes (2021)4 shows some of these methods of composing psychological isolation 

and alternative synchronizations.5 Written during the end of the first year of the COVID-19 

pandemic, this piece reflects the circular patterns of life I experienced during this time as well as 

the dual rawness I felt witnessing the devastation of unfolding events and the beauty of humanity 

coming together. Quite naturally, the emotions I was feeling at the time coincided with thoughts 

around time and isolation, pairing easily with my compositional interest in performer isolation 

and temporal asynchrony.  

The culmination of these larger compositional ideas—blurring temporal boundaries, 

performer isolation, and alternative synchronization—ultimately contributed to the concept and 

theorizations of what I am now calling “suspended time.” Suspended time is the feeling of being 

in two places or internal states at once (as with my experience of hovering states) when listening 

to a piece of music, either for a brief period of time or throughout an extended musical passage 

or song.  

This feeling is the embodiment of what we might recognize as an “in-between state,” or a 

type of stasis brought about from existing between two contrasting states of being. In suspended 

time, this feeling of in-between-ness arises from the awareness of two simultaneous, temporally 

 
4 For alto flute/piccolo, tenor saxophone, violin, cello and piano. Premiered July 2021 by members of Wet Ink 

Ensemble, digital premiere. One movement, 13 min. The title has been abbreviated to “Nothing Never” for the 

remainder of this thesis to ease the flow of reading. 

 
5 This included note length durations being dictated individually by bow lengths, breath lengths, and graphic 

estimations, and methods of synchronization relying on vamps and cues. 
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unrelated6 musical streams, which I am calling “temporal planes.” To clarify early on, the sense 

of suspended time is not the same as the sense of what is commonly referred to as 

“timelessness,” though the two are by no means mutually exclusive. This point will be reiterated 

in Chapter 1, but it is worth mentioning here that a sense of “timelessness” is more commonly 

used to describe states of psychological absorption7 and/or, a loss of higher order 

consciousness8—both of which involve descriptions of loss of temporal awareness. By contrast, 

the term suspended time is meant to describe the experience of feeling as if you are in two 

states/locations at once while hearing and being aware of two simultaneous, unrelated temporal 

planes in music. The sensation of suspended time, while perhaps personal to my own experience, 

is one that I have felt outside of my own compositions in such pieces as Charles Ives’ The 

Unanswered Question, György Ligeti's violin Concerto, and the song Remegio by electro-duo 

Isan—all of which contain what could be seen as contrasting temporal planes playing 

simultaneously.  

In reflecting on my own experiences of these pieces and my compositions, I developed 

the concept of “temporal plane shifting” to describe the act of gradually shifting one’s attention 

between simultaneous temporal planes throughout the musical passage in which they are layered. 

Through this act of gradual attention shifting from one unrelated rhythmic stream to another, 

 
6 Temporally unrelated in the sense that the perception of their simultaneous occurrences does not produce 

polyrhythm or polymetric alignment.  

 
7 “an extreme involvement or preoccupation with one object, idea, or pursuit, with inattention to other aspects of the 

environment” “Apa Dictionary of Psychology,” American Psychological Association (American Psychological 

Association), accessed March 14, 2023, https://dictionary.apa.org/absorption. 

 
8 non-sensory conscious experiences, including acts of thinking and (most especially), the “awareness of being 

aware,” David Clarke, Eric Clarke, and Lawrence M Zbikowski, “Music, Language, and Kinds of Consciousness,” 

in Music and Consciousness: Philosophical, Psychological, and Cultural Perspectives (Oxford: Oxford University 

Press, 2011), pp. 179-192, 184. 

 

https://dictionary.apa.org/absorption
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there are moments in which both temporal planes can be attended to at once, giving rise to the 

feeling of suspended time. 9  

Attending to two simultaneous, temporally unrelated streams is also possible in the visual 

mediums of dance, opera, and film, and while perhaps not giving rise to feelings of suspended 

time, can be interpreted as a form of temporal plane shifting. The pictures in Image 1 below 

show a still from Phillip Glass’s Opera Einstein on the Beach (1975) on the left and a still from 

Roger Avery’s film Rules of Attraction (2002) on the right. 

Image 1: Einstein on the Beach, dance sequence, Act 4 scene 3 (left) 10  and Rules of 

Attraction, split screen, 35:12 (right).11 

The Einstein image is taken from Act 4, scene 3 in the opera in which all the ensemble 

members perform multiple, separate choreographies at multiple, separate tempi. While possibly 

being overwhelming to process as a whole, the viewer is nevertheless able to shift their visual 

attention from one adjacent ensemble member to another without completely losing track of the 

first. In contrast to temporal plane shifting, however, each choreographed tempo is proportionate 

 
9 Being that simultaneous tracking of temporally unrelated rhythmic streams is quite difficult, the gradual shifting 

between temporal planes is a more accessible method of eliciting simultaneous perception. 

 
10 Théâtre du Châtelet's 2014 production of Einstein on the Beach: “Einstein on the Beach - Spaceship,” YouTube 

(YouTube, April 11, 2021), https://www.youtube.com/watch?v=xwF2JipCWTs. 

 
11 “The Rules of Attraction [Split Screen] (2002) HD.” YouTube. YouTube, December 4, 2015. 

https://www.youtube.com/watch?v=U_Z1vl6SCc8. 

 

https://www.youtube.com/watch?v=xwF2JipCWTs
https://www.youtube.com/watch?v=U_Z1vl6SCc8
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to the underlying tempo of the music, making them essentially all within the same fundamental 

temporal framework. This might make the Rules of Attraction example slightly more relevant, in 

which the tracking of the characters Sean Bateman (James Van Der Beek) and Lauren Hynde 

(Shannyn Sossamon) do not relate temporally but can nevertheless be experienced at the same 

time by the viewer (whether by attention shifting or true simultaneous visual processing). 

The biggest difference between these examples and attending to two temporal planes in 

music is, of course, that dance and film exist as visual mediums while music exists primarily as 

an auditory medium. Being that our visual memory is much stronger than our aural memory,12 

there is a necessity to somehow anchor musical temporal planes in the listener's mind in order to 

strengthen the listener’s aural memory. If the aural memory can be strengthened, the listener’s 

ability to attend to both temporal planes during plane shifting is strengthened. The underlying 

assumption in this paper is that the aural anchor of temporal planes is any compositional method 

that engages our ability to synchronize, or entrain, to external periodicities. The bulk of this 

paper will use Lagrangian and Nothing Never to show how temporal planes can be composed in 

such a way that might both enhance entrainment to periodicities within planes and keep separate 

the periodicities of each planes’ unrelated rhythmic streams. 

Figure 1 shows a visualization of my use of temporal planes, with each outlined by a 

separate-colored box. In this example, instruments are playing in their own temporal planes and 

are separated by metrically differing structures (written out rhythmically). The metric basis for 

percussion 1 is in the quarter note triplet (blue box), for percussion 2 it is the dotted eighth note 

 
12 Cohen, Michael A., Todd S. Horowitz, and Jeremy M. Wolfe. “Auditory Recognition Memory Is Inferior to 

Visual Recognition Memory.” Proceedings of the National Academy of Sciences 106, no. 14 (2009): 6008–10. 

https://doi.org/10.1073/pnas.0811884106.  
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of sixteenth quintuplet subdivisions (red box), and for pianos 1 and 2 they are based around 

differing, written-out ritardandi rhythms (green box and yellow box, respectively). 

 

 

Figure 1: Lagrangian, visualization of temporal planes, mm. 29 - 36 

The overlap between the planes in Figure 1 (mm. 31-33) represents a moment in which 

the listener might be able to gradually shift their attention from one entrainment anchor to the 

other, or in other words, from one plane to the other (the very process of temporal plane 

shifting). With neither of the temporal planes being perceived as metrically or rhythmically 

connected to each other, the hope is that the listener is able to remain entrained to each of the 

planes’ unrelated periodicities during the process of plane shifting.  

 This aural anchor of entrainment or entrained states, however, is not just a practical tool 

to enhance temporal plane perception. It is also fundamental to the underlying theory of how the 

act of temporal plane shifting gives rise to the feeling of suspended time. In Chapter 1 I will 
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argue that this is because the cognitive and conceptual intertwinement between temporal 

processing and spatial processing engenders the sensation of entrained states as locations. This 

creates a parallel between temporal shifting from plane to plane and physical movement from 

location to location. As will be elucidated further below, it is this concurrent conceptualization 

that ultimately allows for the extradimensional sensation of suspended time: because time and 

space are processed jointly, the perception of two separate temporal frameworks at the same time 

elicits the simultaneous feeling of being in two locations (or states) at once. 

Finally, it is worth noting that I consciously chose “suspended time” because the word 

“suspended” can mean both a temporary halting of a linear duration in time, as well as imply 

something that is hung, most usually in the context of holding an object in suspension. Like 

“hovering,” “suspended” conveys a sense of stillness in an in-between state, whether between 

two points in time or between two physical positions. As alluded to earlier, the dual definition of 

these in-between states in the word “suspended” as both temporal and spatial reflects the fact that 

temporal processing is conceptually and cognitively tied to spatial processing. 

While the bulk of this paper is comprised of exploring the compositional techniques of 

temporal planes, Chapter 1 will first lay the necessary groundwork for understanding how 

temporal plane shifting might create experiences of suspended time by synthesizing ideas about 

time, motion, difference, entrainment, and spatiotemporal processing. Chapter 2 shows these 

ideas in action by breaking down the compositional techniques and considerations behind 

temporal planes that I employ in Something Like Your Lagrangian Point and Nothing Never 

Always Sometimes Changes through methods of instrumental juxtaposition, rhythmic 

juxtaposition, material limitation, and gestural repetition. Chapter 3 will explore additional 

considerations on the arrangement of temporal planes, including thoughts on performer 
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experience, aural limitations of temporal planes, and future uses of and tools for temporal plane 

shifting and suspended time more generally. 
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Chapter 1. Temporal Plane Shifting and Suspended Time 

 

1.1 Time as Embodied Experience 

In this chapter, I will argue that because spatial and temporal processing are intertwined, 

states of entrainment are perceived as locations in space, providing the basis for how suspended 

time arises from temporal plane shifting. This argument will provide a foundation for 

understanding the reasoning behind the compositional methods of temporal planes which will be 

explored in Chapter 2. To begin this discussion, I establish how conceptions and perceptions of 

time merge with conceptions and perceptions of space and motion. 

Explanations of time as a phenomenon have been agonized over for centuries by 

philosophers such as Edmund Husserl, Henri Bergson, and Maurice Merleau-Ponty, and my 

perspective described in this chapter is but one more philosophical spin in the whirlpool of time. 

My point of view detailed in the next sections has been heavily influenced by Arnie Cox’s ideas 

of spatiotemporal perception and temporal metaphors elaborated in his book Music and 

Embodied Cognition.13 The particular focus of his work concerning perceptions of time and 

motion through the embodied connections between our concepts of past/present/future and our 

experiences of movement were particularly informative for my thoughts around suspended time. 

Though Music and Embodied Cognition is the primary source of my theories on temporal plane 

shifting, I acknowledge that there are entire bodies of work dedicated to the philosophizing of 

time which I continue to delve deeper into. For the purposes of this paper, however, I will focus 

 
13Arnie Cox, Music and Embodied Cognition: Listening, Moving, Feeling, and Thinking (Bloomington, IN: Indiana 

University Press, 2017). 
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primarily on how I am thinking through such ideas theoretically and practically in my 

compositional practice. 

Before delving into more philosophical descriptions of time, it is worth mentioning that 

temporal and spatial relations already share cross-domain cognitive processes. Studies have 

shown there to be “strong overlap between motor and timing regions in the brain,” including in 

the supplemental motor area of the cerebral cortex (the primary part of the motor cortex 

responsible for controlling movement).14 Aside from observed brain activation, this connection is 

also seen in the overlap between disorders of motor movement and disorders of timing.15 For 

example, it has been shown that there is significant underestimation of time durations in persons 

with left spatial neglect (a disorder involving inattention to spatial and sensory stimuli on the left 

side of the body) due to damage of the right hemisphere of the brain.16  

These neurocognitive connections, while reaffirming for any abstract theories of time that 

arise from our lived experience of space, are merely empirical findings and not suggestive of 

how one might experience time as “spatial” in the sense that it evokes sensations of space or 

movement. This spatial experience is what underlies the feeling of suspended time as one of 

being in two states/locations at once and requires an understanding of time as connected to 

physical motion, making time more of an embodied phenomenon rather than something that 

exists externally to us through which we pass.  

 
14 Rose De Kock et al., “How Movements Shape the Perception of Time,” Trends in Cognitive Sciences 25, no. 11 

(2021): pp. 950-963, https://doi.org/10.1016/j.tics.2021.08.002, 1-2. 

 
15 De Kock, “How Movements,” 2. 

 
16 Mario Bonato, Marco Zorzi, and Carlo Umiltà, “When Time Is Space: Evidence for a Mental Time Line,” 

Neuroscience & amp;Amp; Biobehavioral Reviews 36, no. 10 (2012): pp. 2257-2273, 

https://doi.org/10.1016/j.neubiorev.2012.08.007, 2261-2262. 
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Put simply, via our movement in space, we create an unfolding of time, as in Bergson’s 

often used line-metaphor from Duration and Simultaneity: “I draw my finger across a sheet of 

paper without looking at it, the motion I perform is, perceived from within, a continuity of 

consciousness, something of my own flow, in a word, duration.”17 This embodiment sets us in 

the position of being our own creators of time through our lived consciousness, or a concept 

known to phenomenologists as “lived time,” which, rather than existing outside of us, is 

“enacted—it only exists as part of the unfolding dynamical system that emerges between an 

embodied consciousness and the world.”18  

That we can create an existence of time through acts of consciousness makes music one 

of the extraordinary mediums through which temporal experience is simultaneously internally 

created and externally expressed. This is no doubt why music has been a temporal playground 

for philosophers, composers, and listeners alike. For myself, temporal plane shifting has been a 

compositional attempt at evoking a temporal sensation not commonly felt in both music and day-

to-day life. As mentioned in the introduction, the sensation of suspended time is not one of 

“timelessness,” but rather is one that seeks to parallel the duality of hyperawareness/non-

reactivity felt in hovering states of meditation. In suspended time, this duality is reflected in a 

musical experience through the sensation of being in two physical locations at the same time 

without having actually, physically moved. To begin to explain how this phenomenon works in 

my pieces, I will now define time as a quality of motion in the next section. 

 

 
17 Henri Bergson, Mark Lewis, and Robin Durie, Duration and Simultaneity: Bergson and the Einsteinian Universe 

(Manchester: Clinamen, 1999), 34. 

 
18 Mariusz Kozak, Enacting Musical Time: The Bodily Experience of New Music (New York: Oxford University 

Press, 2020), 34. 
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1.2 Spatiotemporal Motion, Distance, and Difference 

From an historically empirical point of view, there have commonly been understood two 

types of time: objective time,19 and subjective time.20 Both are what we usually think of when 

describing and using time in our day-to-day lives. Time as a tool of measurement from one event 

to another is commonly known as objective time. Objective time is static and atemporal, in that it 

exists as an abstraction of its utility. In contrast, subjective time is our internal experience of a 

duration as a comparison to its objectively measured duration—an experience that may differ 

drastically from its corresponding objective time (and from person to person) in terms of event 

sequence, pacing, and/or duration estimation.21 In this way, subjective time exists always in 

relation to its corresponding objective time. One common example of subjective time’s 

relationship to objective time would be the experience of sitting in a waiting room (particularly 

in the pre-smart phone days) and having felt like an hour has passed (subjective time) when it in 

fact has only been 15 minutes (objective time).  

Ontologically, however, we can define time as merely an existing byproduct of motion. 

Motion does not only signify movement from physical point A to physical point B. It also carries 

with it in tandem a temporal interval between the departure from point A to the arrival of point 

B. Conceptually then, time is inextricably bound with motion in that “our experiences of 

 
19 Aki Pasoulas, “Timescales and the Factors Influencing Time Perception,” Organised Sound 25, no. 2 (2020): pp. 

221-231, https://doi.org/10.1017/s1355771820000138, 221. 

 
20 William J. Matthews and Warren H. Meck, “Temporal Cognition: Connecting Subjective Time to Perception, 

Attention, and Memory,” Psychological Bulletin 142, no. 8 (2016): pp. 865-907, 

https://doi.org/10.1037/bul0000045, 866. 

 
21 Our perception of subjective time is highly malleable and has been shown to be influenced by a variety of factors 

such as perceptual salience, emotional state, attention, and cognitive load. For a thorough description of factors 

impacting subjective time, I recommend William J. Matthews and Warren H. Meck’s Temporal Cognition: 

Connecting Subjective Time to Perception, Attention, and Memory, listed in the bibliography. 
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temporality in general and in the specific case of locomotion have a shared phenomenology...the 

general and specific cases coincide on a daily basis, which includes every time we move from 

place to place and every time we reach for something”.22 This puts the act of temporal 

experience as one of being in flux: “the thing and the state are only artificially taken snapshots of 

the transition; and this transition, all that is naturally experienced, is duration itself”.23 In this 

way, the experience of time exists not as an object or an abstraction, but as an interval of 

conscious existence.  

While motion through space carries with it the passing of time, it also creates a spatial 

distance. So too is this spatial distance between “here” and “there” intertwined with the temporal 

intervals between "now” and “then” (with “then” being either the past or future). To show this 

through the motion-as-time model, when I start at point A, I am in the “now” before moving to 

point B, at which I will arrive in the future (“then”). From this point of view, one might redefine 

both spatial and temporal distance by their markers of difference, with the markers of spatial 

distance being locational difference (between “here” and “there”) and the markers of temporal 

distance being the sequential difference (between “now” and “then”). Although embodied by the 

same acts of consciousness, the spatiotemporal nature of motion becomes split into two concepts 

through our separate organizations of time and space (a split born out of practicality): spatial 

difference creates what we conceptualize as a physical distance while sequential difference 

creates what we conceptualize as a duration. 

Music is the primary exemplar of time’s inextricable bond with motion. What Arnie Cox 

calls musical motion describes this intertwinement as the phenomenon of perceiving having 

 
22 Cox, Music and Embodied Cognition 121-22. 

 
23 Bergson, Duration and Simultaneity, 30. 
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moved from point A to point B in a musical experience without having actually, physically 

moved.24  In the time domain, the perception of musical motion relies on the ability to 

cognitively cohere memory, presence, and anticipation as one fluid process. The process of 

remembering what was heard in the past informs what is being heard in the present and the 

anticipation of what will be heard in the future. This fluid process is what gives us our notions of 

musical progression (harmonic, rhythmic, formal, etc.), and in some ways could be seen as the 

root of all experience of musical form.25  

Musical motion parallels the spatiotemporal processing of actual motion because the 

temporal markers of now and then are bound with our concepts of memory, presence, and 

anticipation (past, present, and future), through our experience of movement. In Cox’s own 

words: “...the keys to this spatialization of temporal relations among musical events are that (1) 

the experiences of anticipation, presence, and memory in the domain of music are literal and are 

fundamentally the same as in the domain of actual motion, and (2) this experience brings along 

the spatial-locomotive correlations from the domain of actual motion. As a result, musical 

motion seems or feels like actual motion because the phenomenology of anticipation-presence-

memory is shared by both domains.”26 

 
24 Cox, Music and Embodied Cognition, 132. 

 
25 The word progression in this sense is used to describe an experience of musical forms as one that is predominantly 

based on the fulfillment of composed expectations in both micro and/or macro structures.. This is not to imply that 

all musical form must revolve around progression. A musical form can also have a defined shape in attempting to 

not have progression. No matter the intention, however, both forms are still dependent on the memory-anticipation 

process, whether by activating it or negating it. 

 
26 Cox, Music and Embodied Cognition, 125. 
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Musical motion, while emerging from Cox’s thoroughly philosophized explanations,27 

can also be easily observed through the spatial language we use in describing temporal markers 

in music, namely with the use of such words as “approach,” “arrival,” “departure,” and 

“passage”.28 The language of atemporal aspects of music, such as pitch range and instrumental 

layering, is also spatial in nature, as can be seen in the phrases “wide” voicing, “background” 

texture or “close” pitches.   

This linguistic overlap in fact aligns with the cross-modal cognitive processing of music 

as being both aural and spatial, especially when it comes to pitch perception. More specifically, 

numerous cross-cultural studies have shown that “‘higher’ pitch is actually perceived as emitted 

from a higher location in space,”29 and that “even stronger than the association of pitch and 

spatial height is its dynamic counterpart – correspondence between pitch direction and vertical 

movement direction (up/down).”30 

In summary, because of both the phenomenological and cognitive duality of spatial and 

temporal processing, experiences and concepts of time emerge from our experiences and 

concepts of motion through the combined perception of sequential and spatial differences. The 

markers of such differences in space are locations “here” and “there” while the markers of 

differences in time are “now” and “then.” The span between each difference is perceived 

simultaneously as duration in time and distance in space, while the movement creating these 

 
27 see Chapter 5, “Temporal Motion and Musical Motion” in Music and Embodied Cognition, pgs. 109-134 
 
28 Cox, Music and Embodied Cognition, 124. 

 
29 Wöllner Clemens and Zohar Eitan, “Cross-Modal Experience of Musical Pitch,” in Body, Sound and Space in 

Music and beyond: Multimodal Explorations (Abingdon, Oxfordshire: Routledge, 2018), pp. 49-68, 51. 
 
30 Clemens, Body, Sound and Space, 51. 
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spans is perceived as spatiotemporal motion. The linked, spatiotemporal markers of “here/now” 

and “there/then” exist as abstracts of our ability to remember and anticipate. This binds memory, 

presence, and anticipation with our perceptions of spatiotemporal differences, creating the 

correlations of “here/now/presence” and “there/then/memory or anticipation.” 

Because the medium of music exists primarily through the existence of heard or felt 

sequential differences, the musical experience processed through our functions of memory and 

anticipation is inextricably bound with our spatiotemporal conceptualizations. This ultimately 

gives rise to Cox’s phenomenon of musical motion, or the feeling of physical motion in music 

without physically moving. Below is a table which summarizes and organizes the relationships 

between spatial motion and temporal processing in music. 

Table 1: organization of connections between spatial motion and temporal processing 
 

 Spatial Temporal Musical 

Difference Type location sequential event aural event 

Conceptualization 

of Differences 

physical distance duration progression 

Correlation of 

Markers 

here now presence31 

 there then (past) memory 

 there then (future) anticipation 

 

The spatiotemporal nature of temporal processing in music leads us closer to an 

explanation of temporal plane shifting and suspended time. I will now lay the foundation for one 

 
31 The constant updating of what we deem to be an immediate present from our memory is encapsulated in what is 

known as the specious present, which is “the window of time within which the present moment of perception and 

thought are still grasped.” Susan Hallam et al., “Memory for Music,” in The Oxford Handbook of Music Psychology 

(Oxford, United Kingdom: Oxford University Press, 2018), pp. 107-117, 107. 
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more intermediate concept in order for this explanation to be complete, namely, the concept of 

musical entrainment as location. 

 

1.3 Entrainment as Location 

Entrainment is the “synchronization of some aspect of our biological activity with 

regularly recurring events in the environment.”32 Our attention to reoccurring events occurs in 

everyday situations, from the dripping of a faucet to the blinking of a crosswalk light. These 

periodicities can not only catch our attention at the forefront of our consciousness, but also 

subconsciously activate this entrainment process by way of “neural oscillation patterns [that] 

synchronize with environmental phenomena.”33 While stemming from subconscious 

neurological activity, entrainment still relies on our aural limits of sequence perception, 

including limits to inter-onset-intervals (IOIs), or the duration between onsets of more than one 

event. These limits are shown in Table 2 below. 

 

 

 

 

 

 

 

 
32 Justin London, Hearing in Time: Psychological Aspects of Musical Meter (New York: Oxford University Press, 

2012), 4. 

 
33 Jason D. Noble, “What Can the Temporal Structure of Auditory Perception Tell Us about Musical 

‘Timelessness’?,” Music Theory Online 24, no. 3 (2018), https://doi.org/10.30535/mto.24.3.5, 8. 
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Table 2: IOI durational perception limits and corresponding BPM34
 

IOI Duration Perception BPM 

2ms or less simultaneous onsets - 

3-25ms separate events, order undiscernible - 

25-100ms separate events, order ambiguous - 

600ms  maximum pulse salience 100 

100ms separate events, order discernable 60 

1200-1800ms sequence perception becomes lost 

(pulses perceived as isolated events) 
33-50 

 

Of particular interest to me is the event separation time of around 600ms, or 100 BPM at 

which maximum pulse salience occurs, which corresponds to the “average walking pace and 

heart rate, as well as the tempo subjects spontaneously choose when asked to tap at a 

comfortable pace.”35 This aspect will be touched upon in greater detail in the final chapter of this 

paper where I examine how maximum pulse salience might be employed with temporal planes as 

material for future creative investigation. 

The ability and preference36 to synchronize with an external source’s periodicity forms 

the basis of how we perceive rhythm and meter in music, as “we actively seek to generate 

 
 
34 Far right column of table my own calculations, rest of table compiled from Noble, “What Can the Temporal 

Structure,” 7. 
 
35 Noble, “What Can the Temporal Structure,” 8. 

 
36  “...various actions—vocalizations, movements of the limbs, breathing—all are intertwined and temporally 

connected with one another. The human capacity for entrainment—aligning with the rhythmic aspects of external 

stimulus—thus is seen at the earliest stages of life.” Richard Ashley, Renee Timmers, and Richard Ashley, “Music 

and Communication,” in The Routledge Companion to Music Cognition (London: Routledge, Taylor & Francis 

Group, 2019), pp. 479-488, 486. 
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temporal structure through our attending behaviours.”37 According to David Huron in his book 

Sweet Anticipation—Music and the Psychology of Expectation (2006), this attentiveness to 

periodicity need not be limited to occurrences at strictly even intervals, but rather falls under the 

general umbrella of temporal predictability. He notes that “it is important only that the listener be 

experienced with the temporal structure, and that some element of the temporal pattern be 

predictable,”38 as in the case of the trajectory of a bouncing ball visualized in Image 2, in which 

the aperiodic sequence of each bounce is nevertheless temporally predictable because of our 

experience with this kind of temporal pattern.39  

 

Image 2: visual representation of predictable sequence of a bouncing ball40 

Being that the ability to entrain requires the external stimuli to be periodic or at least 

temporally predictable, entrainment then must also inform (or perhaps is informed by) our 

internal understanding that there is a lack of qualitative difference in the temporal markers of 

“now” and “then.”  

 
37 London, Hearing in Time, 25. 

 
38 David Brian Huron, Sweet Anticipation: Music and the Psychology of Expectation (Cambridge, MA: MIT Press, 

2008), 187. 

 
39 Huron, Sweet Anticipation, 187. 

 
40 Huron, Sweet Anticipation, 187. 
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For example, when I hear the steady beat of Beyoncé's Halo,41 I am both subconsciously 

entrained to its underlying pulse through neurobiological mechanisms and perceptually entrained 

to it through its perceived predictability. Having heard the temporal distances between previous 

bass drum hits IOIs as being equidistant, I subconsciously predict when the next bass drum hit 

will be.42 This predictability coincides with a lack of difference between temporal markers of 

“now” and “then,” being that each temporal distance has been perceived as the same and is 

predicted to continue to be the same. 

Because of this lack of difference between temporal markers, I would hypothesize that in 

an entrained state, the processing of the periodic stimuli no longer engages the same 

conceptualizations of spatiotemporal motion but instead implies paradoxically a type of stasis. 

This is not to say that all music we can become entrained to is qualitatively “static,” but that our 

conceptualization of spatiotemporal motion becomes predominantly one of stasis (or perhaps 

better yet, steadiness) rather than one of change. For example, coming back to Halo via Cox’s 

idea of musical motion, I would not describe my experience of each hand clap or the hand claps 

on a whole as having “gone somewhere” in the sense that I experienced musical motion through 

them. This quality is also reflected in such musical aspects as groove or ostinato, in which the 

consistent temporal predictability feels foundational rather than part of a progression or 

trajectory. Some types of music purposefully utilize this type of stasis, such as in perpetual 

motion compositions or subgenres of EDM in which the material is intended to evoke states 

 
41 Beyoncé Ryan Tedder, and Beyoncé Knowles-Carte. Halo. MP3. I Am-- Sasha Fierce. Columbia Records, n.d.  

 
42 Aspects of syncopation are not necessarily equidistant in this sense, but they still fall within the overarching 

periodicity of a predictable pulse and/or meter and for the purposes of this paper are therefore not considered a 

temporal difference. 
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adjacent to those of trance or altered states of consciousness—both psychological states that 

involve aspects of absorption, including the aforementioned sensation of timelessness. 

In summary, entrainment is the neurobiological phenomenon of our physical bodies 

synchronizing to external periodicities. Periodicity is a type of stillness, because it is perceived as 

sameness between temporal markers: without spatiotemporal difference, there is no 

spatiotemporal motion, and we therefore are left with stasis. Through an act of entrainment then, 

our synchronization to an external periodicity is perceived as a state of spatiotemporal stasis.43 

That stasis in the spatial realm correlates to what we conceive of as location is the final link 

between musical entrainment and location. Because temporal motion is spatial motion, temporal 

stasis in an entrained state can evoke the feeling of spatial stasis, or in other words, a fixed 

location.  

Further bolstering this idea that entrainment can be perceived as a type of “location” is 

Cox’s embodied concept of “STATES ARE LOCATIONS.”44 In this concept, “any kind of state 

or condition (including financial, emotional, and developmental states) comes to be understood 

as a place”.45 Similar to the case of musical motion, this is also reflected linguistically through 

such spatially oriented turns of phrase as being in a pickle or turning into a nightmare: the 

psychological states of a pickle and a nightmare are non-spatial yet we speak of them as if we are 

physically located within them or moving into them as a physical space. STATES ARE 

 
43 Alternatively, being in a physical state of constant motion without difference is in fact also perceptual stasis, being 

that all motion is relative. An example of this is being on a smooth, constantly moving train. If you have no 

additional incoming stimuli by way of windows or bumps and jolts, you do not perceive it to be in motion. 

 
44 Capitalization from source. 

 
45 Cox, Music and Embodied Cognition, 125. 

 



 

 

 23 

LOCATIONS is the combined conceptualization of psychological states and physical states. This 

dual conceptualization is embodied through daily experiences in which “to change locations...is 

also to change one’s physical-psychological state.”46 For example, if I move physically from the 

cold blizzard outside into my warm apartment, I simultaneously move from a psychological state 

of discomfort to one of relief. Because of this experiential duality of physical state changes, any 

psychological state of change without change of physical location still evokes the parallel feeling 

of spatial change, or motion from one location to another. Therefore, as there is a psychological 

change from non-entrainment toward being in a state of entrainment, conceptually this could by 

extension be understood as moving from one type of location to another. 

1.4 Suspending Time Through Temporal Plane Shifting 

The act of temporal plane shifting to create suspended time becomes clear when we 

replace “entrained states” with “temporal planes.” To put to use all of the above concepts in a 

hypothetical example: 

 

1) as the listener hears one temporal plane, they entrain to it and are therefore “in” that 

state/location. 

2) as they begin to hear a second temporal plane (while the first is still being heard), part 

of their attention shifts to that second plane of activity and begins to entrain to it as well 

(while simultaneously still being entrained to the first plane) in the process of what I call 

temporal plane shifting,47  

 
46 Cox, Music and Embodied Cognition, 125. 

 
47 As a reminder, temporal planes are proportionally unrelated, therefore the entrainment to the second plane does 

not result in polymeter or polyrhythm.  
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3) the experience of being entrained to two planes at once can simultaneously be felt as 

the spatial sensation of being in two locations at once.  

4) This dual sensation, as a whole, constitutes for me the experience of suspended time.  

 

One important aspect of this process to reiterate is the fact that temporal plane shifting 

requires the process of entrainment to each temporal plane. Without this aspect, there would be 

no notion of switching spatiotemporal location between planes, and therefore no sense suspended 

time. Similarly, entrainment to only one temporal plane would not give rise to suspended time 

either, as it is two states of entrainment which gives rise to the sense of dual locations. This 

necessity to entrain to both temporal planes simultaneously is the foundation for both my theory 

behind temporal plane shifting and the compositional methods behind the creation of temporal 

planes in my own compositions. While these methods initially stemmed from my intuition during 

the compositional process, I have analyzed and organized them in the following chapters to 

explain how I composed the temporal planes. 
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Chapter 2. Composing Temporal Planes 

2.1 About Temporal Planes 

As explained in the previous chapter, the most important aspect of temporal planes is that 

there be a perceptible periodicity that is regular enough to encourage entrainment or, at the very 

least, temporal predictability. This periodicity may be notated rhythmically, arrhythmically, 

metered, non-metered, temporally measured, and/or atemporally measured. Temporal planes are 

contained (linearly speaking, as having a beginning and an ending), and are perceived as distinct 

from any overarching tempo of the piece and/or neighboring temporal planes. This is because in 

order for temporal plane shifting to occur successfully, each plane must be perceived as having a 

separate periodicity, and must therefore purposefully be written to be metrically, rhythmically, 

and proportionally unrelated so that it shouldn’t be perceived as vertically synchronized, 

polyrhythmic, or polymetric. Temporal planes can be as short as a gesture or as long as a phrase, 

but perhaps even longer if the material and the listener’s perception allow it. This does present 

the question of just how long temporal plane shifting can be sustained—an aspect of plane 

composition that may rely on limits of auditory memory which will be discussed later in this 

chapter.  

Figures 2 – 4 show examples of various temporal planes taken from the two pieces 

discussed in this paper. In Figure 2 below, the temporal planes in Lagrangian are separated 

rhythmically in a way that distinguishes each underlying pulse metrically. The metric basis for 

percussion 1 is the quarter note triplet (quasi) and for percussion 2 it is the dotted eighth note of 

sixteenth quintuplet subdivisions. Both pianos 1 and 2 have written out ritardandi, reflective of 

Huron’s bouncing ball analogy in which the element of predictability (the proportional 

shortening of intervals between onsets) overrides the fact that each recurring onset is not regular. 



 

 

 26 

The piano planes, while visually representative of temporal planes, are perhaps not so 

successfully perceived as individual planes because of their unison pitch material and rhythmic 

similarity—aspects of temporal plane composition covered in Sections 2 and 3 of this chapter.  

 

Figure 2: Lagrangian, rhythmic and metered planes between crotale, pianos, and 

vibes, mm. 29 – 36 (2:22 – 3:05, clip 148). 

 

Figures 3A and 3B below show two pages from Lagrangian in which the temporal planes 

are written rhythmically but without any overarching written meter, beginning around the 4:45 

timestamp on page 28 of Figure 3A. The use of a timer is what keeps track of gestural onsets 

(approximated by the performers) while the periodic spacing between notes is dictated by the 

performers’ internal timing. The exception to this is at the end of page 29 in the percussion parts 

 
48 Audio files can be found in the google drive folder accompanying this dissertation, with each audio file labeled by 

clip number and their respective figure numbers: 

https://drive.google.com/drive/folders/1s_JIEARgVVHL3sfETA2crBZLpH7AW_D-?usp=sharing 

 

https://drive.google.com/drive/folders/1s_JIEARgVVHL3sfETA2crBZLpH7AW_D-?usp=sharing
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of 3B (purple box), in which the spacing is strictly dictated by the timing of 5 second intervals 

between each floor tom hit. In the case of the percussion parts, while each plane does not 

necessarily contain a written meter, the overall durations of each plane are still measured in that 

their beginnings and ends are dictated by the seconds of the timer. The duration of the piano 

planes, directed to play “as fast as possible,” are by contrast dictated by the speed of the 

individual pianist. This therefore represents an example of an atemporally measured plane—that 

is, the plane duration is not dictated by external time-keeping measurements (timers, rhythms, 

etc.). 

 

 

Figure 3A: Lagrangian, rhythmic and non-metered planes between percussion and pianos,  

pg. 28 (18:20 – 19:29, clip 2). 
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Figure 3B: Lagrangian, rhythmic and non-metered planes between percussion and pianos, 

pg. 29 (from, clip 2). 

Figure 4 below presents further examples of atemporally measured planes in page 9 of 

Nothing Never. Here both the IOIs (inter-onset-intervals) of each periodicity within planes, as 

well as the duration of each plane, are dictated exclusively by the performers’ capabilities and 

discretions. The periodicities of the hairpin multiphonics in the tenor saxophone (red boxes) and 

the vibrato and tremolo in the alto flute are dictated by breath lengths which in turn are 

influenced by other factors such as register and dynamics. In the strings, the rate of periodicities 

and durations of temporal planes are similarly dictated by the physical factors of bow lengths and 

dynamics.  
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Figure 4: Nothing Never, arhythmic and atemporally measured planes, 

pg. 9 (5:33 – 6:31, clip 3) 

The periodicities and durations of the temporal planes in the piano part above are 

similarly dictated by the performers’ personal shaping of the feathered ritardandi at the end of 

each gesture. These feathered ritardandi are another example of Huron’s bouncing ball analogy. 

The use of feathered beaming and rhythmically written out ritardandi in temporal planes is a 

simple but effective way of engaging the cognitive mechanisms of entrainment (or more 

precisely, predictability) while keeping the material rhythmically separate from the piece’s 

overall tempo or other temporal planes.49  

 
49 In composing my music, feathered ritardandi are much more common than feathered accelerandi. While an 

accelerando would provide the same entrainment and plane effects as a ritardando, in my experience it has been 
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By nature of their intended function, temporal planes cannot stand alone and still be 

perceived as temporal planes. A single temporal plane on its own would merely be perceived as 

the underlying tempo and/or meter of the piece. To be clear, a temporal plane layered upon or 

emerging from the underlying tempo of the piece (or section of the piece) momentarily 

categorizes that material as its own temporal plane and the underlying tempo of the piece as a 

temporal plane, being that temporal plane shifting will occur between emerging material and the 

piece’s underlying tempo/meter. In this way, temporal planes only exist through their 

juxtapositions and, most importantly, only if the listener can distinguish each plane as being 

distinct from the others when played simultaneously. This element of distinguishability, being 

the most fundamental aspect of temporal plane shifting, has been the primary concern behind my 

own methods of composing and shaping temporal planes. These methods can be summarized by 

the following separate but interdependent considerations: instrumental juxtaposition, rhythmic 

juxtaposition, material limitation, and gestural juxtaposition. 

Each of these considerations will be elaborated on separately in the following sections, 

but it is important to note that it is their balanced combination that creates the greatest 

distinguishability of material in each temporal plane, and therefore what most successfully 

allows temporal plane shifting to occur. Knowing how to balance this combination and what it 

will sound like is, of course, both subjective and partly hypothetical. As a general guide, I always 

aim for a balance that will create both cohesion and clarity within and between temporal planes.  

Similar to how an audio engineer might carve out space spatially and spectrally by 

mixing each instrument in relation to each other, I think of composing the material within 

temporal planes as carving out space for each plane. An engineer will position each instrument 

 
harder both physically and psychologically for performers to play an accelerando to its extreme limits than a 

ritardando, especially across shorter spans of time. 
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across a left-right stereo image to spread them out and will commonly EQ each instrument in a 

way that tightens their frequency bands to minimize spectral overlap. The overarching effect is 

music in which each instrument, though playing simultaneously, can still be clearly heard 

because they each have their own stereo and spectral space. So too with temporal planes can the 

material be composed using methods that boost the perception of each plane as having their own 

spectral and temporal space. The most obvious way of creating this space for temporal planes 

can be seen in the first method to be discussed next in this chapter, that of instrumental 

juxtaposition. 

 

2.2 Instrumental Juxtaposition 

Beyond the self-evident differentiation between instrument types in a mixed ensemble, 

further instrumental juxtaposition of each plane relies heavily on registral and timbral 

considerations. Many of the temporal plane arrangements involve each plane being composed in 

contrasting pitch ranges, most often at, or over an octave apart. This is one of the simplest and 

most intuitive ways to separate material between temporal planes. The use of registral separation 

as a strategy for parsing instrumental lines has not only historically played a traditional role in 

species counterpoint voicing and polyphonic arrangements, but has also been empirically 

supported through cognitive studies by Albert Bregman and Steven Pinker as having its basis in 

the phenomenon of “auditory stream segregation,”50 in which “the auditory system is grouping 

tones that are similar to one another in preference to grouping tones that follow one another 

 
50 Auditory stream segregation is the process by which the auditory system groups tones together sequentially in a 

stream because of their similarities and excludes tones that are not similar enough to be grouped within that stream. 

For more on auditory stream segregation. Huron, Auditory Scene Analysis, 47. 
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immediately in time.”51 In one 1978 study investigating the perception of overlapped individual 

tones in variations of synchrony and frequency, it was found that the closer two tones were in 

frequency, the more likely they were to be perceived as either both part of the same auditory 

stream (if perceived as sequential) or as a single complex sound (if perceived as being 

simultaneous). This study included the sequence of tones A and B with a variable sounding C 

tone that occasionally synchronized with tone B. Bregman summarizes: 

“The closer they [A and B] were to one another in frequency, the greater 

likelihood of hearing A and B as forming a single stream separate from C...If 

their [B and C] onsets and offsets were synchronized, they tended to be fused 

and heard as a single complex sound BC...If the synchrony of C with B was 

reduced, B would be more likely to group with A, unless, of course, the AB 

connection was made weaker by moving A farther away in frequency from 

B.”52 

 

Even more relevant to the discussion of registral separation of temporal planes, Bregman 

mentions a supporting study by J. A. P. M. de Laat and R. Plomp53 involving the simultaneous 

listening of a target melody to be recognized and two “interfering melodies,” in which “it was 

found that the melodies became easier to recognize as the frequency separation between the 

target and interfering melodies was increased.”54  

These two studies support my own intuitive decision to write temporal planes in separate 

registers from each other following the perceptual tendency to more easily distinguish both 

vertical and sequential pitch information at greater degrees of frequency separation. This can be 

 
51 Albert S. Bregman, Auditory Scene Analysis (MIT Press, 1996), 29. 
 
52 Bregman, Auditory Scene Analysis, 30. 

 
53 de Laat, J. A., and R. Plomp. “The Effect of Competing Melodies on Melody Recognition by Hearing‐Impaired 

and Normal‐Hearing Listeners.” The Journal of the Acoustical Society of America 78, no. 5 (1985): 1574–77. 

https://doi.org/10.1121/1.392794.  

 
54 Bregman, Auditory Scene Analysis, 328. 



 

 

 33 

seen in Figure 5, in which the piccolo (yellow box) slowly ascends within the highest range of 

the section while the tenor saxophone (green box) descends into a range around three octaves 

below it. The steady piano interjections are similarly separated from the tenor saxophone by 

about an octave.55 

 

Figure 5: Nothing Never, registral separation between piccolo, tenor saxophone, and 

piano, pg. 15 (10:13 – 10:46, clip 4) 

 

Here one could argue that because the tenor saxophone may phrase each breath at their 

discretion (though sticking to the graphic estimation of spacing), the ability to entrain to its 

temporal planes is severely limited because IOI between notes could be neither the same nor 

 
55 With the piccolo sounding 8va above the written notes and the tenor saxophone sounding an octave plus a major 

2nd below the written notes. 
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predictable. The piccolo plane, while similarly dictated by breath capacity, provides more of an 

opportunity for entrainment, however, because each breath contains only one note, making each 

note more likely to be played at perceptibly equal durations. Overall, this would make temporal 

plane shifting more likely to occur between the piano and the piccolo rather than between the 

piccolo and the tenor saxophone. 

One potential pitfall of writing temporal planes based exclusively on range juxtaposition 

for pitched material is the imbalance between frequencies that the ear is most and least sensitive 

to, with peak sensitivity falling between the 1000 – 3000 Hz (pitch-wise, around C6 – G7).56 

This imbalance might lead to a perceptual preference for a temporal plane written within this 

peak sensitivity range against a plane written outside of this range, anchoring the listener’s ear 

more exclusively in one temporal plane instead of allowing the listener to shift between the two 

planes equally. In addition, while the aural thresholds may seem somewhat rigid, it would still be 

interesting to explore the elasticity of these limits through the contrast of short or long note onset 

articulation as a way of balancing out instruments playing within the peak sensitivity range vs. 

those playing outside of it. For example, would a piano playing a temporal plane in its lowest 

frequency range with staccato attacks balance evenly against a violin playing a temporal plane 

within the peak sensitivity, C6 range in a legato style? 

This element of articulation style falls under another aspect of instrumental juxtaposition: 

that of timbral separation. This technique is also fairly intuitive in that material or instruments in 

separate temporal planes written in contrasting timbres and articulation styles will be more 

 
56Students of PSY 3031 and Edited by Dr. Cheryl Olman, “Auditory Sensitivity Function,” Introduction to Sensation 

and Perception (University of Minnesota Libraries Publishing, January 1, 2022), 

https://pressbooks.umn.edu/sensationandperception/chapter/auditory-sensitivity-function/, 1.  
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clearly delineated as belonging to their own, respective temporal planes. Planes written in too 

similar a timbral domain run the risk of combining into one auditory stream or vertically fusing 

(if a synchronous onset occurs). In the case of Lagrangian, the instrumentation was a uniformly 

percussive one,57 meaning attacks for all instruments fall predominantly on the shorter and 

sharper side (no bowing for percussionists or pianists was used). Because of this, further timbral 

separation was composed by both careful mallet choice and the instrumental interplay between 

resonance and non-resonance. This latter aspect can be seen in the contrast between what I am 

calling “wet” and “dry” temporal planes. Wet temporal planes are ones in which percussion are 

allowed to resonate or, in the case of the vibraphone and pianos, the pedals are depressed.  In 

contrast, “dry” temporal planes are ones in which the percussion has a non-resonant and/or brittle 

timbral quality, or when pedals are not depressed on the vibraphone or pianos. This juxtaposition 

can be seen in Figure 6 between the “dry” snare drum roll planes (purple) and the “wet” piano 

glissandi (blue) and vibraphone planes (red), both pedaled. 

 
57 Two pianos and two percussionists including vibraphone, crotales, snare drum, bongos, toms, woodblocks, 

cymbals, meditation balls, and practice pads. 
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Figure 6: Lagrangian, dry and wet temporal planes, mm. 20 - 27 (0:51 – 2:14, clip 5). 

This is a particular case in which the rhythms in each instrument do not visually set them 

apart temporally and could in fact be perceived as being within the same temporal framework, 

especially in mm. 21 – 24 where the eighth notes in the vibraphone and the half note rolls in the 

snare drum align perfectly within the quarter note framework of the pianos. This is possibly an 

example, however, of how the strength of instrumental and registral juxtaposition overrides the 

rhythmic embedding, keeping the ear attached to each instrument’s individual rhythmic stream 

rather than integrating them vertically into one stream. 

In the case of Nothing Never, I explored the possibilities of composing temporal planes of 

similar timbral qualities against one another, namely of the wetter and more resonant variety. 

This was an attempt at having temporal planes emerge from an underlying texture as opposed to 

having their onsets be immediately distinguished. This emergent quality was slightly overridden 
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by the decision to use occasional grace notes in the winds as lead-ins and closures to the 

temporal planes, bookending each plane’s beginning and end for extra salience. This can be seen 

in the alto flute (green ovals) and tenor saxophone (purple) parts of Figure 7, with the audio clip 

6 beginning at rehearsal letter C.  

 

Figure 7: Nothing Never, bookending grace notes in alto flute and tenor saxophone, 

pg. 8 (5:10 – 5:34, clip 6). 

 

Beyond the bookending grace notes, attack style did play a more conscious role in 

contrasting against wet temporal planes in Nothing Never through the use of piano plucking and 

string pizzicati. Both attacks are drier and sharper in contrast to the almost “attack-less” rhythmic 

figures of the wind vibratos, tremolos, and multiphonic swells. This can be seen in Figure 8 
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where the piano plucking of pg. 6 of the score (green) contrasts sharply against the vibrato 

periodicities of the alto flute (red) and tenor saxophone (blue), as well as the violin pizzicati in 

pg. 8 (orange) which contrast sharply against another vibrato gesture in the alto flute (red) and, 

potentially, the circular bowing of the cello (if its repetitions are perceived as periodicities). 

              

    
Figure 8: Nothing Never, Sharp piano plucks, pg. 6 (left) and pizzicato in cello, pg. 8 (right) 

(3:32 – 3:39 and 4:36 – 4:46, clip 7). 
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2.3 Rhythmic Juxtaposition 

Although any temporal plane arrangement will inherently contain rhythmic juxtaposition, 

the primary compositional concern for temporal planes is whether or not the rhythms being 

overlaid are clearly perceived as existing in separate, distinct temporal worlds. In my experience, 

arranging temporal planes that are too similar to each other in rhythmic nature results in the 

perceptual blurring of the two planes, especially if both are quite fast or at similar tempi, because 

the ear cannot entrain to any single part or the parts as a whole. This perceptual blurring is a 

phenomenon that I am calling “aural grayout,” and can be seen in the second movement of 

Lagrangian. As a reminder, this movement involves 2 instrumental pairs (piano 1/percussion 1 

and piano 2/percussion 2), and each pair plays in a separate tempo and off of separate scores. 

Here much of the material between instruments blurs together until a more extreme rhythmic 

gesture comes to the foreground of perception, such as the sweeping arpeggiated gesture in the 

pianos or the feathered ritardando gestures in the percussion 1 roto-toms.58 Examples of these 

standout gestures can be seen below in measures 118 and 129 in percussion 1 (purple) and m. 

128 in piano 1 (red) of Figure 9A, as well as the approximate corresponding measures of 189 and 

194 in percussion 2 (green) and m. 196 in piano 2 (yellow) of Figure 9B. 

 
58 These gestures I would not consider as temporal planes because no second temporal plane is being perceived, 

making this is more of a foreground/background effect. 
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Figure 9A:  Lagrangian, feathered sixteenth notes in percussion 1 and sweeping gestures in 

piano 2, mm. 115 - 129 (9:47 - 10:27, clip 8). 

 

 

Figure 9B: Lagrangian, feathered sixteenth notes in percussion 1 and sweeping gestures in 

piano 2, mm. 186 - 199 (9:47 - 10:27, clip 8). 



 

 

 41 

Aside from these moments which momentarily break the blur of aural grayout, the 

similarity of rhythmic material across all parts can be seen in Figures 9 A and B through the 

consistent mix of sixteenth/eighth notes and tuplets, and similar syncopated/tied/dotted gestures. 

If heard individually, these would give a sense of enough periodicity to allow for entrainment, 

but because of their simultaneity in this movement, the listener can neither cohesively combine 

the parts into a common temporal framework nor clearly distinguish one part from the others, 

thus leading to the aural grayout phenomenon. 

 My theory behind aural grayout is that it is the result of a kind of cognitive overload: 

perhaps the combination of sensory overload “in which one’s senses are overwhelmed with 

stimuli, to the point that one is unable to process or respond to all of them,”59 and information 

overload, in which “the amount or intensity of information exceeds the individual’s processing 

capacity.”60 This would be a response to the listener's inability to entrain to either plane’s 

periodicities, while still being aware that multiple unrelated periodicities are occurring 

simultaneously. In this sense, the brain is attempting to make sense of multiple unrelated time 

structures perceived at once without being able to create any internal temporal framework with 

which to embed or process these structures.  

The overarching effect of aural grayout, in my experience, is one of a perceptual 

flattening of the music into something closer to a wall of sound. While this description might be 

adjacent to descriptions of texture, aural grayout is, simply put, much more disorienting. In my 

own experience, aural grayout occurs throughout most of Mvt. 2 of Lagrangian until around  

 
59 “Apa Dictionary of Psychology.” American Psychological Association. American Psychological Association. 

Accessed March 12, 2023. https://dictionary.apa.org/sensory-overload. 

 
60 “Apa Dictionary of Psychology.” American Psychological Association. American Psychological Association. 

Accessed March 12, 2023. https://dictionary.apa.org/information-overload. 

 

https://dictionary.apa.org/sensory-overload
https://dictionary.apa.org/information-overload
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m. 142 in percussion 1/piano 1 and m. 217 in percussion 2/piano 2. As will be further explained, 

at this point in the movement, the piano material in both parts becomes greatly simplified 

compared to their previous material and in contrast to the percussion material in both parts. The 

comparison of piano material can be made between the previous Figures 9A and B and Figures 

10A and 10B below, in which the piano rhythms in both parts are simplified from the earlier 

material. 

 

Figure 10A: Lagrangian, highly contrasting tempi and rhythms Perc/piano 1,  

mm. 142 – 152 (12:07 – 12:46, clip 9) 
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Figure 10B: Lagrangian, highly contrasting tempi and rhythms Perc/piano 2,  

mm. 213 – 232 (12:07 – 12:46, clip 9) 

 
 

While aural grayout was not the intended outcome of this movement, the accidental effect 

was still informative for understanding how to approach rhythmic composition in contrasting 

temporal planes. More specifically, in composing temporal planes, the use of rhythmic 

juxtaposition will most likely reduce the chances of aural grayout because each plane will be 

more discernable from each other. This discernability comes back to the idea that in order for 

temporal plane shifting to occur, the listener must be able to conceptualize each plane as a 

separate location (from which to shift from), which therefore requires the listener to be able to 

entrain to either plane. Entraining to each plane is dependent on the listener’s ability to perceive 

regularly recurring events, but if the rhythmic material between two planes is too similar, the 

brain will attempt to make sense of the temporal differences by trying to combine them into the 
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same temporal framework rather than separating them. This is where the method of juxtaposing 

highly contrasting rhythms and/or tempi becomes a key aspect of temporal plane shifting. 

The simplification of the piano parts in Figures 10A and 10B has the intended effect of 

delineating all four parts from each other. During this passage of the movement,61 temporal plane 

shifting occurs most saliently between the piano 1 and percussion 2 parts shown above, both by 

way of rhythmic juxtaposition and contrasting tempi. Although visually not represented in the 

audio clip, piano 2 has already finished playing at this moment in time, perhaps making it easier 

to perceive piano 1’s steady ascending quintuplet eighth notes as being very clearly delineated 

from the eighth and sixteenth notes played by percussion 2 in the repeated cell of m. 217. The 

slower tempo of the repeated cell by percussion 1 also begins to be perceived as its own temporal 

plane around m. 144 of the piano 1 part (12:20 of audio clip 9). Because percussion 1 is playing 

at a much slower rate than percussion 2, there is no perceptual confusion between the two parts 

even though they are playing the same material, thus delineating them as their own temporal 

planes. In addition, because percussion 1 also has contrasting rhythmic material with piano 1, the 

listener can similarly perceive both parts as separate planes, ultimately allowing for temporal 

plane shifting to occur between all three parts: percussion 1, piano 1, and percussion 2. 

Paralleling these ideas of rhythmic juxtaposition to create temporal plane clarity is an 

interesting study conducted by Poudrier and Repp,62 which sought to find out if musicians could 

 
61 This is visually approximated between the parts of Figures 10A and 10B, with the audio clip aligning to 

percussion/piano 1 part of Fig. 10A 

 
62 Poudrier, Ève, and Bruno H. Repp. “Can Musicians Track Two Different Beats Simultaneously?” Music 

Perception 30, no. 4 (2012): 369–90. https://doi.org/10.1525/mp.2013.30.4.369. 

 

https://doi.org/10.1525/mp.2013.30.4.369
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track two separate, unrelated beat patterns at the same time.63 This study included three 

experiments of increasing beat pattern complexity with each study consisting of both a control 

condition in which participants were asked to track only one of the beat patterns, and an 

experimental condition, in which the same participants were asked to track both patterns 

simultaneously.  

While findings across all of the experimental condition tests found that attending to two 

unrelated beat patterns “would present a perceptual challenge for most listeners,” and that even a 

test group of graduate level musicians “rarely performed with perfect accuracy,” it is the 

outcome of the control conditions that actually supports my theory of temporal plane shifting 

requiring juxtaposed rhythms or tempi. The tracking of only one of the beat patterns was used as 

the control condition because it was assumed to be much easier to do and did prove as such. This 

control condition, however, did not show 100% accuracy in the participants’ single pattern 

tracking abilities, with the most complex beat patterns in experiment 3 (Image 3) resulting in a 

correct percentage of only 81.8%.64 

 

 
63 The authors of this study were careful to delineate between polyrhythm, polymeter, and “independent beats,” in 

that the former two involve composite beat patterns that are proportional to and perceived as within the same 

temporal framework while the latter involves beat patterns that cannot be combined into or perceived as within the 

same temporal framework. They were also careful to separate each beat pattern far apart in frequency, aligning with 

the aforementioned studies by Bregman on pitch closeness and stream segregation. 

 
64 While attending to one pattern (control) or both patterns (experiment), the listeners would at some point hear a 

high-pitched probe frequency. At this point, they were asked whether that frequency fit the pattern they were 

attending to or not. A “yes” when the frequency was part of the pattern or “no” when it was not part of the pattern 

was considered as a “correct” hit. If they answered “no” when the frequency was actually part of the pattern or “yes” 

when it was not part of the pattern, it was considered a “false alarm.” The percentage of correct hits to incorrect hits 

is the “correct percentage.” 
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Image 3: sample rhythm from experiment 3 of Poudrier & Hepp study 

Although the control condition was not the main focus of these experiments, a correct 

percentage of 81.8% on the tracking of a single rhythmic pattern such as either of the ones above 

seems significantly low for a test group consisting of musicians at the graduate level.65 Being 

that the pairs of rhythms used across all three experiments were similar in their rhythmic makeup 

and played at the same exact tempi, my hypothesis is that the subjects might have experienced 

something close to aural grayout, thereby preventing them from accurately being able to track 

even one of the two beat patterns in the control condition. This parallels my own thesis about 

temporal planes requiring highly contrasting rhythms and/or tempi to both promote temporal 

distinguishability and avoid creating aural grayout.  

One final aspect of extreme rhythmic juxtaposition to consider is the previously 

mentioned cognitive limitations of inter-onset-interval timing (IOI) in our ability to entrain to 

periodicities (100 milliseconds as the shortest intervallic duration and 1.5-1.8 seconds as the 

longest). This consideration should only be taken into account when temporal planes consist of 

single notes, as grouping/segmentation effects will supersede the perception of individual onsets 

once rhythmic figures are introduced. Being that the shortest time interval that can be perceived 

is 100ms, this consideration must be made on the opposite end of the spectrum in composing 

 
65 The participants were all graduate students at the Yale School of Music of mixed genders and ages. This brings up 

issues of participant homogeneity and musical enculturation, being that it is unlikely that a statistically significant 

proportion of Yale music graduate students grew up with or studied music that has metric and rhythmic patterns 

outside of those found in the western classical music traditions.  
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temporal planes with event onsets no farther apart than 1 note per 1.5 - 1.8 seconds. Both ends of 

this limitation can be seen in Figure 11 from Lagrangian in the last half of page 29, with the 

audio clip beginning at the 5:35 timestamp. Here the pianists play sequences of notes at grace-

note-like speed (blue and orange) which are still sequentially perceived, but the percussionists 

play a succession of floor tom hits at a rate of 1 hit per 5 seconds (purple)—a rate that exceeds 

the IOI limits of sequence perception and therefore might not induce entrainment. 

 

Figure 11: Lagrangian, extremes of perceptual limits of sequential integration, 

pg. 29 (19:06 – 19:29, clip 10) 

 

In fact, the argument could be made that neither the pianos nor the percussion parts here 

are actually perceived as temporal planes because the IOI of the percussion hits are too large to 

perceive as periodic, while the piano planes are too short to allow for entrainment at such a fast 

speed. This means the entire combination as a whole is more likely perceived as five loud, quasi-

random floor tom hits and two brief piano flourishes rather than distinct temporal planes. 
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While all the examples in this section show rhythmic juxtaposition, it is worth noting that 

the rhythms themselves are not what would be deemed as complex. In fact, many of the rhythms 

composed in the temporal planes of both pieces consist of single note repetitions or simple, 

repeated rhythmic units. This brings us to the next compositional method of temporal planes: that 

of material limitation. 

 

2.4 Material Limitation 

For similar reasons of clarity and distinguishability, as in the previous two considerations, 

I was intuitively compelled to compose limited gestural material within each temporal plane. 

Material limitation can be seen in the aspects of rhythmic simplicity, monophony, pitch linearity, 

and duration in the composing of temporal planes. 

Rhythmic simplicity is one of the dominant characteristics of temporal planes in 

Lagrangian and Nothing Never. As can be seen in Figures 2-4, many of the temporal planes 

consist of single repeated notes, monophonic lines or, in the case of Nothing Never, single held 

notes with timbral modulations (vibrato, tremolo, circular bowing) that create perceptible 

periodicities. The purpose of this was twofold: simpler rhythms make it easy for listeners to 

immediately entrain to temporal planes and are also easier to remember as secondary temporal 

planes enter into perception. 

As with rhythmic simplicity, monophony was used for its simplicity to entrain to. While 

multiple polyphonic temporal planes might be overwhelming, the idea of layering homophonic 

temporal planes does not seem theoretically impossible. This is because the vertical addition of 

instruments has very little impact on our temporal perception, and therefore very little impact on 

our ability to entrain to a temporal plane’s periodic structure. By contrast, polyphony within a 
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single temporal plane might make it harder to delineate layered temporal planes from each other 

because of the additional attention required to process polyphony. While untested, it is my 

assumption that there are limits to the amount of attention one can give toward processing 

multiple time structures, even when metrically related as in polyphonic writing. 

Linearity and monophony are somewhat connected in that the monophonic nature of most 

of the temporal planes leaves only two options for pitch-based progression—linear and non-

linear. What I am calling linearity is a succession of pitches that are both uni-directional and 

heard as either ascending or descending. When not exclusively relying on adjacent pitches 

(stepwise motion), linearity from my experience is perceived when the sequence of notes played 

is predicted to continue in the same direction. This predictability can not only arise from the 

harmonic context of the pitches and rhythmic patterning, but also from perceiving the overall 

general pitch direction as either ascending or descending.  

For example, as a musician trained in western classical music, if I hear an ascending line 

of C-E-G-C-E-G- at random time intervals, I will anticipate the next note as a C because of my 

past musical experience and enculturation of C major chords and arpeggiation. My anticipated C, 

however, would not be any C, it would be the next ascending C after the penultimate G, not a C 

in any other octave, because of the overall ascending form of the sequence of pitches. This 

process reflects the anticipatory nature of our processing of external stimuli in that “minds are 

‘wired’ for expectation.”66  

One further assumption I am making of the processing of linear, intervallic streams is that 

the larger the intervals, the weaker the perception of the stream. This would be due to two 

 
66 Huron, Sweet Anticipation, 7. 
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factors: 1) that pitch proximity is a key factor in stream segregation,67 and 2) that successive, 

wider intervals are more susceptible to being interrupted by external pitches (from other parts) 

that sound between the starting and ending pitches of each interval. 

Returning to the idea of material limitation, the purposeful restricting of multi-pitch 

temporal planes to linear gestures engages these anticipatory frameworks so that simultaneous 

musical streams can be further delineated, making it easier for the listener to perceive multi-pitch 

temporal planes as separate from each other. In Figure 12 for example, returning to the piano 1 

part of Mvt. 2 in Lagrangian, the quintuplet lines in mm. 142 - 149 are predominantly intervallic 

(as opposed to step-wise motion), with the largest interval being that of a minor 6th (green 

circles, repeated intervals not circled). More importantly, however, the aspect of linearity is 

preserved in the constant ascending quality of the lines, allowing for the piano part to remain 

perceived as its own musical stream and therefore its own temporal plane.  

 
67 For more on pitch proximity and stream segregation, see Bregman, Auditory Scene Analysis, 58 – 65. 
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Figure 12. Lagrangian, minor 6th intervals and linearity in piano 1, mm. 142-149. 

If, by contrast, the line had been written in a more disjunct fashion (changing directions 

between pitches and using larger intervals), this linearity might not have been preserved and 

therefore might not lead to temporal plane shifting. Linearity can also be seen in the piccolo and 

tenor saxophone lines of Nothing Never from the middle of pg. 12 to the end of pg. 15 (see 

Appendix B, pgs. 112 – 113). In an attempt to split each woodwind into their own temporal 

planes (they play timbrally varied unisons beforehand), I wrote the piccolo pitches as one 

predominantly ascending line and the tenor saxophone pitches as one predominantly descending 

line. 

While linearity was used to preserve stream segregation, durational brevity was used to 

contain the stream segregation within the durations of short-term auditory memory. According to 

Huron’s review of the available literature, aural memory “appears able to store sound sequences 

up to between three to five seconds in duration,” with the number of sound events able to be 
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stored being “roughly ten sound events.”68 He goes on to state, however, that these limits can be 

extended to 10-12 seconds in duration and up to 25 sound events “depending on the structure of 

the sound sequence.” I can only guess that these extended limits depend on the amount of sonic 

information a sound sequence is carrying, but from Jason Nobel’s own averaging of the studies, 

anything within the duration of 100ms to 5-7 seconds “are in the range that we can optimally 

segment or ‘chunk,’ because they can be represented as perceptually present, immediately 

available to the mind and requiring minimal cognitive effort to perceive in their entirety.”69 

On average, the duration of the shorter temporal planes in Nothing Never and Lagrangian 

is around 3-7 seconds. The longer temporal planes extend well beyond the 12 second limit, but in 

some sense might not be considered as one long sequence but the repetition of a single sequence 

or even just the repetition of a single note/gesture. This can be seen in pages 9-10 of Nothing 

Never (Appendix B, pgs. 108-109), in which the violin and cello play in their own respective 

temporal planes with the periodicities being created by circular bowing and the frequency of 

each bowing being dictated by their individual bow lengths and dynamics. While this passage 

lasts over a minute long, the true rhythmic sequence being heard in aural memory is that of the 

beginning and ending of the circular bow motions (the onset of a ponticello up-bow followed by 

the onset of a sul tasto down-bow), which last on average about 2.5-3 seconds per gesture. It is 

then the steady repetition of this “sequence” that provides a possibility of extending temporal 

planes beyond our aural memory limits, bringing us to the final compositional method used to 

create temporal plane shifting in my music, that of gestural repetition. 

 
68 Huron, Sweet Anticipation: Music and the Psychology of Expectation, 228. In a musical setting, I might suggest 

that an optimal duration of 5-7 seconds might be feasible only up to a certain point, given the possible complexities 

that 5-7 seconds of music can contain.  

 
69 Noble, “What Can the Temporal Structure”, 8. 
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2.5 Gestural Repetition 

This section will look at the repetition of musical gestures in temporal planes beyond that 

of single note repetitions. While single note repetitions create the most salient form of 

entrainment material, anything beyond one note presents more and more complexity with each 

additional pitch and/or rhythmic unit. Because I wanted to compose material beyond single note 

repetitions, this led to the shortening of temporal planes in duration for reasons of short-term 

aural memory limits as explained in the previous section. The use of gestural repetition in 

temporal planes, however, provided an easy way to prolong the overall duration of the planes, 

since the use of “repeated figures, ostinatos, motives, themes, and rhythmic patterns will increase 

the likelihood of predictive success for listeners.”70 The fact that the repeated material within a 

temporal plane will become predictable is a strategy to push the additional complexities of pitch 

and rhythmic variation to the more internalized level of the underlying entrained state. This 

coincides with the fact that in perceiving multiple pitches as streams, “repetition pushes the 

segregation of the streams to above-normal levels.”71 Therefore, if a temporal plane consists of 

gestural repetition, the predictive nature of the temporal plane both contains it as being within its 

own temporal plane and allows for the listener to more easily remain entrained to it during 

temporal plane shifting. 

While not always literal, the underlying material of gestural restatements can also be 

more generally repetitive in nature (repetition with variation) to still imply an element of gestural 

predictability. This can be seen in Figure 13 starting at Rehearsal 7 in Lagrangian, in which the 

percussion 2 plays literal repeats of the same rhythmic cell starting in m. 217 while piano 2 plays 

 
70 Huron, Sweet Anticipation, 367. 
71 Bregman, Auditory Scene Analysis, 53. 
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variations on gestures of ascending intervals starting in m. 222. Here the piano line also reflects 

the principles of linearity discussed in the previous section. 

♩ = 72 

 

Figure 13: Lagrangian, literal repetitions of percussion 2 and varied repetitions of 

piano 2, mm. 213 – 232 (11:03 – 11:46, clip 11). 

 

Because of the gradual accelerando in percussion 1’s repetitions, it was especially 

important to clearly signal the beginnings and endings of repetitions in all four parts. This can be 

seen in the both piano parts by nature of their material being repetitions of ascending gestures, 

and is emphasized by the re-pedaling of each repeated gesture (as opposed to perhaps a continual 

ascending and descending line that gradually gets higher and is therefore less repetitive in 

nature).  

For the percussionists, the repeated cells are materially limited to two eighth notes and a 

string of sixteenth notes as a way of maintaining the entrained state of the listener throughout the 

accelerando and simplifying the aural connection between the two percussion parts as percussion 
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1 shifts in tempo and percussion 2 remains steady. Because of the rhythmic simplicity of these 

cells, careful consideration was taken to bookend them through rhythmic placement and 

instrumentation. The first two notes, which are longer eighth notes and played as buzz rolls, 

indicate the biggest variation within the rhythmic stream and were therefore used to clearly mark 

the beginning of the rhythmic cell. The end of the rhythmic cell is marked by three ascending 

16th notes in the toms and were written to close out the cell in a “pickup” gesture as a lead-in to 

the beginning of the next repetition. 

Adjacent to the idea that back-to-back gestural repetition can extend overall temporal 

plane duration is the idea that gestural restatements (not back-to-back repetition) can perhaps 

psychologically prime a listener for more complex material in temporal planes by attuning them 

to the periodicity of that complex material ahead of time. Figures 14A and 14B show this idea in 

the piano part of Nothing Never (green), in which gestural restatements of ascending figures on 

pg. 10 of the score prepare the listener for the polyphonic material in the last two measures of pg. 

11. 
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Figure 14A: Nothing Never, gestural restatements as psychological priming in piano, pg. 10 

(6:38 – 8:05, clip 12) 
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Figure 14B: Nothing Never, gestural repetition in winds and strings, priming and 

polyphony in piano, pg. 11 (part of clip 12) 

 

In the third measure of the piano part in pg. 11 (Figure 14B), the monophonic line of 

repeated eighth notes breaks into two-voice polyphony of eighth notes and triplets. By priming 

the listener with the previous steady restatements of ascending lines, the listener is perhaps more 

securely anchored to the underlying tempo of the temporal plane as it turns polyphonic. Also, on 

pg. 11 the use of literal gestural repetition in the tenor saxophone (orange) and the strings (blue) 

provides two fairly steady and easy-to-track temporal planes for the more complex piano plane to 

unfold against. 



 

 

 58 

One clear exception to this use of repetition in extending temporal planes is the wind 

lines played from pages 13 – 15 in Nothing Never (Appendix B, pgs. 112-114). Here the 

temporal plane of the tenor saxophone is 1 minute and 20 seconds long, while the piccolo’s is 1 

minute and 44 seconds long, with repetitions of gesture (grace note followed by held note) but no 

repetition of pitch or rhythm. Being that each held note is on average 7 seconds long, any 

combination of two notes reaches or exceeds the upper limits of aural memory (10-12 seconds), 

thereby hindering the ability to chunk successive notes into meaningful units. The IOI also 

exceeds the perceptual periodicity limit for entrainment of 1.5-1.8 seconds per onset (see Chapter 

1), with the average IOI being anywhere from 5-10 seconds in duration. This begs the question 

then of whether these would actually be perceived as temporal planes at all in the sense that 

neither their onsets nor their rhythmic representations can induce the process of entrainment, and 

thereby the process of temporal plane shifting. Regardless of whether temporal plane shifting 

occurs, it still opens up the opportunity for exploration of just what it might be like to have 

extended temporal planes that do not use repetition and still fall within aural memory and IOI 

entrainment limits.  

In summary, the use of instrumental juxtaposition, rhythmic juxtaposition, material 

limitation, and gestural repetition, are all methods used in the composition of temporal planes. 

Each method contributes to the overall salience of each temporal plane and helps delineate 

simultaneous planes from each other, thereby inducing temporal plane shifting and suspended 

time.  
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Chapter 3. Future Considerations for the Arrangement of Temporal Planes 

This chapter seeks to enhance the previous methods of temporal plane composition by 

providing a handful of miscellaneous methods, approaches, and thoughts around the placement 

and arrangement of temporal planes within compositions as a whole. While not as technical as 

the previous chapter, I hope it will nonetheless be illuminating for further aspects of temporal 

plane shifting and suspended time that I plan to explore in future works. 

 

3.1 Spatialization 

While often challenging for logistical reasons, it would seem that the optimal setup for a 

composition involving temporal plane shifting would be one in which the performers could be 

spatialized. By physically separating the performers, each performer’s sound would be spread 

across the sonic field, further delineating the temporal planes when being played simultaneously. 

In this way too, the differing physical location of each performer makes more explicit the 

perception of entrainment states as location. The visual component of physically separate players 

may also help distinguishability of temporal planes, in that visually focusing on a single 

performer who isn’t being heard as well can enhance the listener’s aural focus on that 

performer’s temporal plane.  

 

3.2 Temporal Plane Spacing 

Issues with overall tempo and the spacing between onsets of temporal planes might affect 

a listener’s ability to entrain to a temporal plane. If temporal plane onsets occur simultaneously 

or too close to each other, there might be initial perceptual confusion in which the material of 
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both planes are perceived as a single stream. The perception of this single stream might be one of 

material incoherence however, because the lack of temporal relationship between the planes 

makes it difficult to perceptually combine them (at least rhythmically) into the same temporal 

framework, leading to aural grayout. 

From this, it might be suggested that the amount of time between temporal plane onsets 

should be sufficiently long enough for the listener to entrain to the first temporal plane’s 

periodicities. Theoretically this would only be the amount of time it takes to play the first two 

notes or basic rhythmic gesture of the temporal plane, or the first three notes for any 

ritardando/accelerando gesture. Practically, however, there are several musical aspects at play in 

a temporal plane (not to mention the rest of the composition!) to which a listener is attending to, 

and the time it takes to entrain to a plane will most likely need to be extended at the discretion 

and taste of the composer. Conversely, if temporal planes are set too far apart from each other in 

a way that leaves too little overlap between them, there might not be enough time for the listener 

to shift between the planes at all.  

 

3.3 Glissandi and Resonance 

The use of glissandi and resonance, while not related to temporal plane shifting, can 

perhaps play a more abstract, atmospheric role in enhancing overall experiences of suspended 

time, either through temporal affect or connections to spatial impressions. This is a purely 

subjective suggestion stemming from my personal enjoyment of these techniques, but I believe 

they have a similar capacity as temporal plane shifting to imply a dual sense of spatiotemporal 

motion and stasis. 
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In the gesture of an extended glissando, the temporal motion is perceived as the 

perception of pitch rise/fall, but the lack of an anticipatory structure through imperceptible pitch 

delineation and rhythmic segmentation lends itself to a type of stasis. In the absence of 

contextual harmonic or rhythmic cues, an extended glissando might also parallel perceptions of 

infinity (another kind of stasis) in that the beginning of the glissando is heard but the end cannot 

be anticipated and therefore exists in an infinite state of motion (again, stasis) until the glissando 

has fully stopped.  

In the case of resonance, the perceptible decay of longer resonances and reverb could be 

seen as a type of “amplitude glissando,” with motion being perceived in the change of amplitude 

throughout the decay, but stasis being perceived in its endpoint, which is heard as a “fade to 

nothingness.” This fade to nothingness, being the endpoint of the duration of a decay, is not a 

phenomenon in our physical experience of the world, and therefore presents a less than physical 

embodiment of an endpoint to spatiotemporal duration, thereby leaving a similar impression of 

stasis/infinity.  

The psychological processing of resonance is itself already spatial, being that its very 

definition relies on the properties of the physical space surrounding the source of a sound and 

that our processing of that resonance is used to extract spatial information. For longer resonances 

such as pedaled instruments, reverberating percussion, or the use of reverb (and delay) in digital 

mediums, the duration of the decay can signify types of spaces, or locations, possibly creating 

opportunity for an additional spatial layer to the feeling of suspended time. Furthermore, the 

experience of acoustic decay is also embodied in our physical experiences of moving away from 

something (or something moving away from you), making the use of extended resonances 

another way of experiencing spatiotemporal intertwinement through sound. 
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3.4 Inter-onset-interval Thresholds and Auditory Memory 

As mentioned throughout this paper, the ear has specific limits when it comes to IOIs and 

aural memory. While both limits are sensitive to the context of the amount of information being 

processed during the duration of music being played, the awareness of such limits is useful for 

informing the tempi and duration of temporal planes. Of additional interest are the IOI and 

memory ranges to which we are most attuned: the IOI of 100bpm and the aural memory of 5-7s. 

This information might be particularly useful in managing both ease and immediacy of 

entrainment to planes and strengthening the perception of temporal planes as temporal plane 

shifting beings to occur.  

For example, if the first temporal plane contains repeated material of 5 second durations 

at 100bpm, the ease with which the ear can entrain and remain entrained to this plane might 

allow for the second temporal plane to contain more complex material or for both planes to have 

extended durations. This could also be very useful in future attempts at pushing the perceptual 

boundaries of how many planes can be layered before temporal plane shifting can no longer 

occur by utilizing only 5-7-second-long temporal planes and starting with a sounding periodicity 

of 100bpm for the first. 

 

3.5 Performer Experience 

 While the visual representation of temporal planes in a score may seem very clear, I have 

shown in the previous chapter examples where the intended sonic outcome was not always fully 

achieved, as with the unintended aural grayout phenomenon. For various reasons, including 

subjectivity of the listener, sometimes temporal plane shifting is more subtle and sometimes it 

doesn’t occur at all. Regardless of how accurately the music heard reflects the intentions of 
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composed temporal planes, it is worth considering that the performers themselves may still 

experience temporal plane shifting or at least some kind of alternative temporal experience due 

to the unsynchronized nature of the pieces. 

 Having never performed my own works or other pieces that involve aspects of temporal 

plane shifting, the closest experiences I have had in playing pieces with multiple time structures 

were in large ensemble pieces that involved aleatoric cells and relied on a conductor to cue 

synchronization points. While playing these pieces, the moments of independent cell repetitions 

were indeed quite psychologically isolating in that my focus was intensely narrowed to the notes 

in front of me and the conductor, with very little awareness of other musicians or my part in 

relation to other parts as a whole.  

Being that these experiences were conductor-led, the moments in my own pieces in 

which performers play independently from each other (either by way of diverging metric 

structures or contrasting tempi) must provide a similar if not more intense sense of psychological 

isolation, both from the need to concentrate on one’s own part and from the general sense of 

playing “outside of” the underlying temporal framework or apart from other performers’ 

frameworks.  

This psychological isolation was made known to me in some reflections made during 

rehearsals of Nothing Never, in which the performers commented on how they had no real sense 

of what the piece sounded like as a whole (especially in the first half of the piece) apart from 

their own parts and the occasional strong moments of synchronization. While not representing 

temporal plane shifting or feelings of suspended time, this presents a strange and perhaps slightly 

disorienting experience in itself, as the performer continually has to switch between the isolated 

focus on their own part to the synchronized communication of the group. Specific to this piece is 
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also the method of synchronization used, in which performers play independently until the end of 

a section where they are instructed to vamp until the next cue is given from another performer. 

This creates another interesting state of mind in which the player must remain independent from 

all other parts during the vamps while simultaneously paying close attention to the part of the 

performer from which the next cue will come. Whether or not these are moments of suspended 

time as relating to this paper, one could argue that the performers are dividing their attention 

between musical streams and in some sense are still waiting in a suspended state of some kind. 

In Lagrangian, a similar disorientation possibly occurrs in the second movement as the 

performers play in pairs of differing tempi. However, the pairing of the performers (percussion 1 

with piano 1 and percussion 2 with piano 2), perhaps provides a more feasible way of performing 

in two different tempi without conductors or click tracks. Because the performers are not 

completely isolated in their own temporal frameworks, the sharing of a tempo might serve as an 

anchor to each other, therefore strengthening each performers’ internal synchrony to their 

respective tempi.  

Curiously enough, the phenomenon of entrainment that leads to acts of temporal plane 

shifting could also be the very thing that neutralizes it in situations of prolonged, differing tempi: 

because our bodies are drawn toward synchronization, performers that start in contrasting tempi 

may subconsciously drift closer and closer to each other (perhaps a new idea for a piece in itself). 

This idea of anchoring pairs (or more) of performers to each other could serve as a future tactic 

for exploring the composition of multiple temporal planes and/or multiple tempi, both by 

solidifying the internal metronome of individual performers and countering the instinctive pull 

toward ensemble synchrony. 
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3.6 Use of Technology 

One element missing in my compositional approach to temporal plane shifting (though 

that most likely had an influence on these ideas) is the use of technology to assist both the 

compositional processes and the performances of such pieces. The accessibility of digital audio 

workstations (DAWs) makes it easy to record separate variations of temporal planes and play 

them simultaneously in different arrangements, providing immediate feedback that can be used 

as a way of fine-tuning the variables that allow for temporal plane shifting. Even easier is the 

ability to use MIDI mock-ups with these programs for the same purposes. Using DAWs would 

also be the most efficient way to explore the limits of the number of temporal planes being 

layered and under what variable circumstances. This would be especially useful with the 

implementation of panning techniques and multi-channel audio to separate multiple planes 

spatially.  

When it comes to the composition of multiple tempi, especially multiple changing tempi, 

the use of click tracks might understandably become a necessity. While I’m not sure that 

composing instruments in separate sliding tempi for entire large sections of pieces would evoke 

temporal plane shifting (at least for the entire duration), it is still a concept that has become 

increasingly interesting to me, particularly because of those “on-the-edge” moments containing 

accelerandi or ritardandi when you realize two instruments are temporally splitting apart or 

temporally synchronizing.  

It’s no surprise that this interest initially came from writing movement 2 of Lagrangian, 

which in turn sparked the idea of creating a computer program in which synchronization points 

between two sliding tempi could be calculated and visualized. This kind of program would not 
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only assist in the compositional timing of synchronization points, but could also assist in 

informing what kind of material is composed in each instrument at what point in time. I.e., if I 

wanted to have an “echo” of player 1’s material across instruments at 1’30,” the program could 

let me know what measure to place that echo for player 2’s part. Additionally, this program 

could also be used as a tool for practice or performance for performers playing music that 

involves long-duration tempo changes. 

While this idea is still in its brainstorming phase, Figure 17 presents a potential GUI72 of 

such a program, in which the meter, slope/line type and starting and ending tempi are input into 

the program to create a visual line or curve that represents the accelerando or ritardando of a 

given part. Once the line has been calculated, the user can hover their mouse over points on the 

line for the program to output the bpm, timecode and bar number below. 

 

 
72 Graphical User Interface 
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Figure 15: potential GUI of tempo slider program 

 

 All of these future considerations of temporal plane composition discussed in this chapter 

can be seen as starting points for expanding the possibilities of temporal plane shifting and 

enhancing the feeling of suspended time in music. While my ideas and methods of temporal 

plane shifting are still in their early stages, this chapter shows that there is still ample room for 

expansion through new compositional directions and plane shifting experimentation. 
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Conclusion 

Having discussed the technical, theoretical and cognitive foundations of temporal plane 

shifting and suspended time, it is easy to forget the initial impetus that led me to this 

compositional exploration in the first place—that of the inner feeling of hovering. While this 

feeling and the concept of temporal plane shifting itself might be completely personal to my own 

life, the hope is that the underlying experience of at least some kind of alternative temporal 

sensation might lead to broader ways of thinking about time both in music and in life.  

Suspended time is but one such alternative temporal experience, with its function relying 

on the cognitive and phenomenological overlap between motion and duration. This overlap 

informs our perception of entrained states as seemingly locative in nature, thereby evoking a 

sensation of spatial movement when moving from one entrained state to another. In the 

compositions presented here, the entrained states being moved to and from are the temporal 

planes, with temporal plane shifting being the act of moving one’s attention from one plane to 

another. That the sensation of location through a temporal experience relies on entrainment is 

one of the key drivers of the considerations taken in composing temporal planes. These 

considerations all revolve around intentions of perceptual clarity between planes and include 

techniques of instrumental juxtaposition, rhythmic juxtaposition, material limitation, and gestural 

repetition. Through this clarity, the hope is that the listener might more easily distinguish 

temporal planes as separate from each other, and therefore more smoothly shift between 

entrained states of each plane, leading ultimately to the feeling of suspended time. Additional 

techniques and thoughts on temporal plane composition, such as spatialization, plane spacing, 

the use of glissandi and resonance, awareness of aural thresholds, performer experience, and the 
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utilization of technology, might help to broaden the possibilities of temporal plane composition 

and enhance overall feelings of suspended time in my music. 

Although the concepts of suspended time and temporal plane shifting have been 

discussed in this paper within the narrow context of two of my past pieces, the overall 

retrospective exploration of these ideas has led me to more consciously use and expand on these 

techniques in more recent works such as my latest piece Here There Then Now (2023) for string 

quartet, performed April 2023 by Mivos Quartet at the Tenri Cultural Institute in New York, NY. 

The title itself directly relates to the rabbit-hole of concepts I discovered concerning the dual 

properties of space and time while writing this paper. While this piece makes very conscious use 

of the compositional methods and thoughts previously discussed, what informed the overall 

energy of the piece was not just the compositional methods, but also the overarching themes 

about time and motion in general. Not surprisingly, this led me to a completely new line of 

inquiry in regards to temporal experiences, further expanding my curiosity for the phenomenon 

of time in both music and life. In the spirit of the endless, unanswerable mysteries of time, I will 

conclude this paper open-endedly by sharing that new line of inquiry embodied in this most 

recent composition, Here There Then Now, which coincidently (or perhaps not so coincidentally) 

returns to the very feeling of hovering that initiated my exploration of suspended time and 

temporal plane shifting in the first place: 

If time is a byproduct of motion, then does it not exist in stasis?  

Is there a temporal difference between stasis and stillness? 

Does anticipation exist within stillness? 

Does time exist in anticipation?  

Is anticipation a type of in-between state akin to hovering? 



 

 

 70 

BIBLIOGRAPHY 

3031, Students of PSY, and Edited by Dr. Cheryl Olman. “Auditory Sensitivity Function.” 

Introduction to Sensation and Perception. University of Minnesota Libraries Publishing, 

January 1, 2022. https://pressbooks.umn.edu/sensationandperception/chapter/auditory-

sensitivity-function/.  

“Apa Dictionary of Psychology.” American Psychological Association. American Psychological 

Association. Accessed March 12, 2023. https://dictionary.apa.org/information-overload.  

“Apa Dictionary of Psychology.” American Psychological Association. American Psychological 

Association. Accessed March 12, 2023. https://dictionary.apa.org/sensory-overload.  

“Apa Dictionary of Psychology.” American Psychological Association. American Psychological 

Association. Accessed March 14, 2023. https://dictionary.apa.org/absorption.  

Ashley, Richard, Renee Timmers, and Richard Ashley. “Music and Communication.” Essay. In 

The Routledge Companion to Music Cognition, 479–88. London: Routledge, Taylor & 

Francis Group, 2019.  

Bergson, Henri, Mark Lewis, and Robin Durie. Duration and Simultaneity: Bergson and the 

Einsteinian Universe. Manchester: Clinamen, 1999.  
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APPENDIX A 

SOMETHING LIKE YOUR LAGRANGIAN POINT SCORE 
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APPENDIX B 

NOTHING NEVER ALWAYS SOMETIMES CHANGES SCORE 
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