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Presentation Abstract: Athletes and performance artists need to be able to 
properly execute various complex movements. Examples include accurately 
throwing a football, launching a bicycle from a standing start, moving from 
one climbing hold to another, and performing a sequence of choreographed 
moves during dance. While experts who have mastered these various 
movements perform them effortlessly, learning new moves requires bodily 
awareness sufficient for compensatory adjustments. Many athletes and 
performers lack the necessary bodily awareness, as evinced by their inability 
to detect their incorrect position or execute movements based on 
instructions. In this presentation I discuss reasons why bodily awareness 
tends to be poor and possible methods for improving it, including the 
concurrent encoding of proprioceptive information into sound. I discuss not 
only the neurobiology of proprioception, but also its phenomenology: the 
subjective conscious "feel" of one's own body. Since our awareness of our 
body is grounded in this phenomenology, some grasp of it is helpful for 
improving bodily awareness.
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1. Introduction



How does bodily awareness work, and how can we improve it? 



Some preliminary motivating remarks:  

1. While experienced athletes perform mastered sport movements 
automatically, with minimal conscious awareness of bodily feedback and 
no deliberate adjustment of body position, novices and those learning 
new movements need bodily awareness and must make deliberate 
compensatory adjustments of body position and motion. 

2. Many athletes have poor bodily awareness and are unable to interpret 
proprioceptive feedback properly, in a way that allows for deliberate 
compensatory adjustments. 

3. Poorly executed sport movements (e.g., cycling pedal stroke, rock 
climbing moves between holds, squats and other strength exercises) 
hold back performance and increase the risk of injury.   

4. Athlete development and coaching would thus be improved with a better 
understanding of bodily awareness and how to help athletes improve it.  

5. While many aspects of sport performance and training (e.g., power 
production, resistance training, VO2 usage, nutrition and sleep, etc) are 
oft-discussed and well-absorbed by athletes and coaches, discussion of, 
and acquaintance with, proprioception and bodily awareness are lacking. 



Phenomenology and Neurophysiology  

1. There are two ways we can approach bodily awareness: (1) from the 
inside, i.e. by considering the private “inner” first-person conscious 
experience of the athlete, and (2) by considering the neurophysiological 
underpinnings of those conscious first-person experiences.  

2. Cognitive scientists refer to (1) as “phenomenology”. When one does 
phenomenology, they consider what it’s like for the subject enjoying the 
experience (Nagel 1974).  

3. We all have access to our own conscious experiences through 
introspection: our own private, personal acquaintance with pains, 
sensations, sounds, colors, flavors, odors, etc.  

4. Effective training and coaching requires not only a grasp of the 
underlying neurophysiology, but also knowledge of the associated 
phenomenology. For example, in order to improve sport movements, 
athletes need to know how to interpret their conscious bodily sensations 
and what the movement should feel like. 



2. Phenomenology



A case study: what is it like to pedal? 



Aim: by looking at the phenomenology of pedaling, we can introduce a 
number of important concepts and aspects of bodily awareness which will 
help us understand why many people have poor bodily awareness and how to 
improve it.



What follows are some first-person (“phenomenological”) observations I 
recorded while pedaling my bike on rollers (January 8, 2020). 



First, there are two or three things I notice as I introspect what it’s like to 
pedal:  

1. I feel the pedals under my feet, and how they resist turning. 

2. I feel my body and its sensations. 



Mind vs World: 

1. The pedals and my body are physical objects out in the world, while 

2. my body’s sensations are parts of my private “inner” experience through 
which I come to perceive physical objects like the pedals and my body. 



Attention: I am able to shift my attention between the pedals, my body, and 
my sensations. At one moment I can focus on the pedals under my feet, at the 
next I can focus on the position and movement of my legs, and at yet another I 
can focus on the sensations themselves in my legs. 



Transparency: When I try to shift my attention to the various bodily sensations 
accompanying my pedalling, it’s frustratingly difficult to do so. As I mindlessly 
pedal, I’m struck by an overwhelming rush of bodily sensations: warm, dull 
twinges in my legs, a diffuse felt sense of effort, etc. But when I try to focus on 
these sensations, so as to describe them, I find myself simply focused on 
either my physical body itself, or the pedals under my feet (Moore 1903). 



Proprioception: For example, as I pedal, I find myself aware of the position 
and configuration of my leg at a given moment. I know when I’m at the 
bottom of the pedal stroke, for example. But if you ask me how I know, what 
feelings or sensations tell me, I have no answer. There are no felt sensations in 
my legs (that I can attend to) which correlate with my leg position, or which I 
use to come to know my leg position. 



Breaking Transparency: It is possible to elicit stronger proprioceptive bodily 
sensations. I can break the transparency, by (for example) moving in different 
ways, to draw out new sensations which might reveal something about my 
position. For example, as I push harder on the pedals on the downstroke, I 
start to highlight and feel more the sensations associated with the vertical 
motion of the stroke instead of the horizontal motion. If I pull my right knee to 
the side as I pedal, I elicit a new sensation indicating that my leg is out of 
position. 



Distortion: If I just focus on (attend to) how it feels my legs are moving through 
the pedal stroke, what I feel is distorted. My feet must be moving through a 
circle, but what I notice is more of a shallow sloping movement. The 
movement that I feel is the part of the motion which requires effort. That part 
stands out to me and feels disproportionate to the rest of the motion, as if I’m 
sweeping out a more shallow, horizontal downstroke than what I really am. It 
feels like my downstroke starts further back than it does, progresses forward 
faster than it drops down, and progresses forward more than it does. 



The pedals: But if I focus on the pedals themselves, I receive more accurate 
feedback. Although attention to my leg position seems to reveal to me an 
oblong motion dominated by the downstroke, attention to how the pedals 
feel reveals them to be moving in circles.  



Sensorimotor Exploration: With this observation we get our first glimpse of 
how to improve bodily awareness. If I try to focus on both the pedal motion 
and the motion of my leg, I can come to associate the just-barely-there 
proprioceptive sensations in my leg with the circular motion of the pedals. 
After a few moments, I start to feel my feet as moving in a circle, instead of the 
downstroke-dominated oval of before.  



Summary of phenomenological observations: 

1. My bodily experience presents to me not only my sensations, but also the 
pedals I’m turning and the position and motion of my legs.  

2. My experience of my own leg motion is distorted by the effort I put into 
pedaling, but can be corrected through sensorimotor exploration.  

3. My bodily sensations are transparent: when I try to focus my attention on 
them to learn anything, I find myself simply focused on the pedals or my 
body itself. 



Note that although these remarks are based on my own reflection of my 
bodily experience, they are hardly original. For example, de Vignemont (2018, 
section 1.1) notes the transparency of bodily experience when she says: 
“Despite the constant flow of information about our body from the inside, our 
bodily awareness is surprisingly weak. While typing on a laptop, we do not 
vividly experience our fingers on the keyboard. Our conscious field is primarily 
occupied by the content of what we are typing, and more generally by the 
external world rather than by the bodily medium that allows us to perceive it 
and to move through it.”



The above discussion suggests some initial hypotheses regarding how to 
improve bodily awareness. (1) Bodily awareness is poor because 
proprioceptive experiences (our bodily sensations) are “dim” and hard to 
attend; (2) Instead, when we try to pay attention to how our bodies feel, we 
instead become directly aware of our bodies themselves — or, at least, our 
brain’s representation of our body. (3) Unfortunately, this representation is 
distorted, and that distortion is warped by felt effort. (4) Fortunately, there are 
ways to modulate attention so as to pickup on our limited proprioceptive 
experience and correct those distortions.



3. Neurobiology



Although the above observations are just ones I made one day as I 
introspected my experience of pedaling, they comport well with what we 
know about the neurobiological underpinnings of bodily awareness.  This 
neurobiological data also goes at least some ways towards supporting our 
four initial hypotheses on how to improve bodily awareness.



Basic Cell Types:   

1. Proprioception is facilitated by mechanosensory neurons (called 
proprioceptors) in our muscles, tendons, and joints (Tuthill and Azim 
2018, R194). 

2. Muscle spindles: connective tissue embedded in skeletal muscles that’s 
innervated by neurons whose firing encodes information about muscle 
length and its rate of change (ibid, R196). 

3. Golgi tendon organs: located between muscles and tendons, collagen 
that’s innervated by a neuron whose firing encodes the tension in a 
muscle, thereby encoding muscle force production or limb load (ibid).  

4. Joint threshold detectors: mechanoreceptors embedded in joint capsules 
and ligaments the firing of which peaks when joints reach specified 
angles, such as at the limits of joint movement (ibid).



Circuit Architecture:   

1. These various proprioceptors project and synapse directly onto motor 
neurons innervating nearby muscles, onto interneurons in the spinal 
cord, and (indirectly, through those interneurons) into neurons in the 
brain, including both the cerebellum and cerebral cortex (Tuthill and 
Azim 2018, R197, R200-201). 

2. Thus, proprioceptors not only send information to the brain, but also talk 
directly through local circuits to nearby muscles.  

3. Feedback from proprioceptors allows motor commands to be modulated 
based on current body position, although since this feedback takes time, 
it often arrives too late to be of use in on-the-fly movement control.  

4. Feedback gain is the ratio of input from proprioceptors to output from 
motor neurons within a given neural circuit. For rhythmic motions (e.g., 
walking, pedaling) this ratio should be low (low proprioceptive 
feedback), but for complex and dynamic sport movements this ratio 
needs to be high, as these movements require fine on-the-fly 
adjustments (ibid, R198).



Feedback Modulation:   

1. The central nervous system plays an important role in modulating 
feedback gain, usually by lowering proprioceptive input by sending 
signals which suppress the firing of proprioceptors (Tuthill and Azim 
2018, R199-200).  

2. Importantly, what is usually suppressed is expected information. The 
proprioceptive feedback which enters the system is typically feedback 
signalling that the body is not in the expected position (ibid).  

3. Feedback gain is adjusted on-the-fly within circuits, being lowered when 
the current movement and environment don’t require proprioceptive 
feedback, and raised when they do (ibid). 



Predictive Processing:   

1. Still, there is the problem of delayed feedback. The evidence suggests 
that the brain solves this problem by modelling what it expects to be the 
incoming proprioceptive feedback.  

2. The brain keeps track of the body positions and movements it expects its 
motor commands to generate, and uses this prediction as an on-the-fly 
substitute for the delayed (actual) proprioceptive feedback.  

3. The delayed actual proprioceptive feedback is then incorporated into the 
brain’s body model, being used as an update to eliminate discrepancies 
between predicted bodily position and actual bodily position (Tuthill and 
Azim 2018, R200). 



Spatial Coding:   

1. What we see (and to some extent, hear) is encoded in both allocentric 
and egocentric coordinates. For example, vision-guided grasping is often 
thought to be facilitated by visual representations of the target object 
which encode its position as a vector with origin at the hand, pointing 
towards the target.  

2. While it might be assumed that proprioceptive body representations 
must also be encoded in these same Cartesian or polar coordinate 
systems, this doesn’t seem to be the case (Sarlegna & Sainburg 2009, 
324). 

3. Proprioceptive spatial information about body position and movement 
instead is more likely encoded in terms of joint angles and distance from 
joints (Bermudez 2005, Sarlegna & Sainburg 2009). 

4. This means that the spatial information inherent in proprioceptive 
encodings of body position and movement isn’t enough to place them 
within the same spatial coordinate systems used to map the external 
world. Many experiments have shown that visual perception of limb 
position affects movement accuracy (Sarlegna & Sainburg 2009, 321). 



The integrative character of body representations:   

1. Body position and movement processing in the brain appears to be 
highly multimodal, using not only feedback from proprioceptors, but also 
integrating that feedback with information from vision and vestibular 
feedback (Tuthill and Azim 2018, R202).  

2. Proprioceptive feedback is integrated even earlier (e.g., in the spinal 
column) with feedback from haptic mechanosensors (touch receptors) 
and nociceptors (pain receptors) (ibid).  

3. As noted above, there’s much experimental evidence showing that body 
movements integrate and depend on visual input (Sarlegna & Sainburg 
2009). 

4. … to jump ahead a bit: not only are the neural representations of our 
body constructed by our brain multimodal, but our conscious bodily 
experience itself is, it seems, also constitutively multimodal (de 
Vignemont 2014).



Connecting neurobiology to phenomenology: 

1. Why was it so hard for me to attend to my bodily sensations? Because 
much of my proprioceptive feedback is kept in local circuits that don’t 
reach my brain, my brain is largely working to suppress the rest of my 
proprioceptive feedback (so it doesn’t receive it), and what feedback 
does reach my brain is too delayed to use. What makes it to my brain is 
new and unexpected feedback.  

2. Why am I able, nonetheless, to readily (and directly) experience my body 
position and movements? Because my brain is constantly modelling 
body position and movement through efferent copies of motor 
commands.  

3. Why is this experience of my body distorted? Because the body 
representation constructed by the brain grounding this experience is 
based off motor commands and encoded in a coordinate system which 
doesn’t inherently place the body in a reference frame describing the 
external physical world. Further, what proprioceptive signals do make it 
through to the brain are either unusually strong, or unexpected. 



Perhaps most important: why am I able to correct my distorted experience of 
my pedaling motion by comparing my proprioceptive sensations to my more 
accurate experience of my pedals’ circular motion? Because my brain’s model 
of my pedaling motion can be corrected based on the integration of multiple 
sources of feedback. I can associate the limited proprioceptive feedback I do 
receive with the known feedback that my foot is moving through a circle, 
thereby more accurately translating that proprioceptive feedback into the 
spatial coordinates of the external world. 



More phenomenology: the fact that our bodily experience is grounded in a 
representation constructed by the brain based on copies of motor commands 
fits well with an idea about bodily experience from Merleau-Ponty. As 
Bermudez (2005, 298) explains it, “From a first-person perspective we 
experience the body … via the ways that it structures and gives meaning to 
our engagements with the physical world”. That is, we don’t experience the 
body itself, intrinsically, but only insofar as it facilitates movement and action.



Upshots:   

1. If an athlete relies only on proprioceptive feedback (“how their body 
feels”), they will do poorly at tracking their body position and movement.  

2. Bodily experience isn’t like the traditional exteroceptive modalities (e.g., 
vision). It isn’t based on a representation constructed from sensory 
(proprioceptive) input. Instead, it starts with motor output and 
modulates that with input from other sensory modalities (e.g., vision).  

3. So you can’t rely on how your body “feels”, as there isn’t much to feel.  

4. You can do a little better, like I did tracking my pedaling, by learning to 
compare proprioceptive sensations with other sources of information.  

5. Even better: what if you could augment with additional proprioceptive 
information? What if you could recover all the proprioceptive information 
that’s being suppressed? Vision allows you to do this, e.g. by watching 
yourself in a mirror. But it’s often not practical. instead, what we want is 
sonification. 



4. Sonification



“Sonification, as the transfer of movement data [collected via artificial body 
sensors] into non-speech audio signals, refers to the mapping of physiological 
and physical data onto psychoacoustic parameters (i.e., loudness, pitch, 
timbre, harmony and rhythm) in order to provide on- and/or offline access to 
biomechanics information otherwise not available (…).” (Schaffert et al 2019, 
4) 



So, in movement sonification, some physical parameter (e.g., hand position, 
limb velocity, muscle force) is systematically mapped into some acoustic 
parameter (e.g., loudness, pitch) that’s played for the subject. Example: a 
constant tone is played for a subject, and that tone’s volume varies with the 
height of their hand: louder as the hand is raised, softer as it’s lowered. 



There is already a large body of research (131+ studies published in English) 
on the effectiveness of sonification (and other related techniques) in 
improving movement learning: “The current state of knowledge here reviewed 
provides evidence of the feasibility and effectiveness of the application of 
auditory information to improve movement execution, control, and 
(re)learning in sports and motor rehabilitation” (Schaffert et al 2019, 2 & 
abstract).



Caveat: An informal survey of this work suggests that rigorous and systematic 
studies, and especially work on comprehensive integration of these 
techniques into real-world training protocols, is lacking. 



But, the existing studies do suggest that the method is promising. As Schaffert 
et al. (2019, 4) summarize: “Investigations examining the use of sonification in 
elite or high-performance sports have demonstrated that the presentation of 
artificially generated sounds optimize movement control and execution (e.g., 
stability, velocity, pattern and force symmetry) in sports such as swimming 
(Chollet et al., 1988, 1992), rowing (Schaffert et al., 2010, 2011; Schaffert and 
Mattes, 2011, 2015b, 2016), and cycling (Sigrist et al., 2016; Schaffert et al., 
2017).”



Given the integrative, multimodal character of proprioceptive processing, it 
should be no surprise that augmenting proprioceptive feedback via 
sonification could improve sport movement learning (Effenberg et al. 2016). 
Further, there’s already evidence that natural movement sounds play a role in 
sport movement control. For example: “Kennel et al. (2015) examined whether 
the sounds of steps during running would influence hurdling performance and 
found that temporally delayed auditory feedback decreased athletes’ 
performance by slowing down the time to complete the track and affecting 
the motion sequence during the first trails where the manipulation was 
presented.” (Schaffert et al. 2019, 3) So clearly auditory input can be, and is, 
used by the brain for motor control. 



Two Methods for sonification:   

1. Directly convert some movement parameter (e.g., position, velocity, 
force) into a covarying audio signal (e.g., Schaffert et al. 2017).  

2. Convert the deviation of that movement parameter from the ideal into a 
covarying audio signal (e.g., Godbout and Boyd 2010).  

While (1) gives the athlete relevant information they wouldn’t have otherwise, 
(2) allows them to train the movement by attempting to minimize their 
auditory feedback (signalling that they’ve minimized the deviation of their 
movement from the ideal). 



Cycling: An example and a proposal.



In a small pilot study, Schaffert et al. (2017) mapped the real-time torque 
measurements from a Wattbike onto a pitch-varying tone, so that higher 
torque corresponded to higher pitch. They showed not only that subjects 
could intuitively distinguish effective from ineffective pedal strokes based on 
the audio feedback, but also that subjects (n=4) given the audio feedback 
reported finding it helpful for improving pedaling effectiveness and left/right 
pedal balance. Subjects also reported that it revealed to them aspects of their 
pedalling of which they weren’t aware before. In theory, subjects could 
achieve better pedal effectiveness and left/right balance by modulating their 
effort so as to produce a constant tone (no variation in pitch); rhythmic 
variations in pitch indicate “dead spots”, negative force on the upstroke, and/
or left/right imbalance. 



The polar display on the Wattbike provides the same sort of functionality 
(visualization of torque, as opposed to sonification), but has several drawbacks 
compared with sonification (Schaffert et al. 2017, 42).

Polar displays of torque through the pedal stroke from a Wattbike. Images taken from 
https://support.wattbike.com/hc/en-us/articles/115001848609-A-Beginner-s-Guide-To-

Perfect-Pedalling



1. The polar display only updates once per second, not in real time; further, 
visual processing is not as temporally precise as auditory processing, and 
so real-time visual feedback of torque is likely not as helpful (due to visual 
processing limitations) for updating body models and improving pedalling 
effectiveness.  

2. Visual processing of information on the polar display is very demanding of 
attention and leaves few attentional and cognitive resources available for 
other tasks while on the bike, while auditory processing of the sonification 
is less demanding.  

3. Relatedly: there would be no way to implement the polar display on a 
bicycle (ridden on the road or track), as riding a free bicycle precludes 
constant monitoring of a visual display (but doesn’t preclude listening to a 
tone). Similar constraints apply for any cycling application: since visual 
attention must be focused on piloting the bike, visualizations of 
proprioceptive information cannot be used (but sonifications can be). 



The Schaffert et al. (2017) study provides one simple example of sonification, 
but there is significantly more potential. Consider, for example, the standard 
start in cycling: 

First pedal stroke of a standing start, performed by this researcher at 
Mattamy National Cycling Centre, Milton, Ontario.



Effective standing starts are a complex movement requiring coordination 
between the legs, hips, shoulders, and arms. Athletes can be shown 
demonstrations of proper technique and given crude verbal instructions (e.g., 
“imagine you’re thrusting your hips forward like doing a deadlift”), but 
translating these demonstrations and instructions into proper motor 
commands is very difficult. Mastering the technique requires many hours of 
practicing. (Anecdotally, I have heard second-hand of an experienced athlete 
who does, or did, 1000 starts a year to perfect their technique.) As we’ve been 
discussing, the core problem here is a lack of (and impoverished) bodily 
awareness: during the standard start athletes receive little conscious 
proprioceptive feedback of their position, this feedback is delayed, and it’s 
delivered to them in a spatial format which is difficult to translate into the 
spatial representations afforded by seeing demonstrations of the movement. 



A proposal is to use high-fidelity inertial sensors (e.g., Lapinski et al 2019) to 
capture the motion of an experienced rider performing a standing start. The 
same sensors could then be used to capture the motion of an inexperienced 
rider. The differences between the two motion captures could then be sonified 
into a tone, so that tone volume or pitch correlates systematically with the 
difference between them. With such a setup a rider could train their standing 
start by attempting to minimize tone volume or pitch on each practice effort. 
Assuming real-time millisecond feedback, such a setup could even allow for 
real-time position adjustments during each effort: e.g., loud or high tones 
would prompt real-time position changes over the course of the effort to 
minimize those tones. 



This is just one example. Similar setups with sonification could potentially be 
used as training tools in a variety of contexts. Unlike visualizations of 
movement, significations can be both real-time and used even during highly 
demanding activities which require the athlete’s visual attention.



What could explain the performance benefits of sonification?   

1. As already noted, it’s well established that at the neurological level there 
is integration of information from auditory input into the brain’s body 
model (Effenberg et al. 2016). For example, there are projections from 
auditory processing sites in the brainstem (cochlear nucleus) down into 
sensorimotor circuits in the spinal cord, and projections from auditory 
processing sites in the cortex to the primary and premotor cortex 
(Schaffert et al. 2019, 8-9).  

2. It’s known that activity in these auditory areas can entrain the receiving 
motor areas, e.g. presumably facilitating rhythmic movements; it’s also 
known that natural movement sounds lead to associated activity in the 
related motor areas (ibid).  

3. More speculatively, at the functional level it seems that the kind of 
information specifically provided by sonification is able to be integrated 
into motor representations (or perhaps body models), thereby filling in 
gaps from sparse proprioceptive feedback (ibid, 9-10). 



What could explain the performance benefits of sonification?   

At the phenomenological level, the benefits of sonification should also be 
clear: Conscious proprioceptive feedback (bodily sensations) are both 
extremely minimal/sparse, and transparent. When an athlete is asked to 
“focus on the position they feel like they’re in”, there simply aren’t many 
“feels” (bodily sensations) for them to attend to. Sonification provides a way 
to convert relevant bodily information into a consciously accessible stream of 
sensory input.



Sonification as enabling perception of the body?



Sensorimotor exploration: A compelling and well-supported idea is that we 
perceive distal objects in the environment through the way the proximal 
sensory stimulation from them covaries with movement (Noe 2004). Example: 
objects in the environment project 2D patches of light onto our retina, but we 
nonetheless manage to see (visually perceive) the 3D objects themselves 
through the way those 2D patches of light change depending on the angle and 
distance of viewing. 



This doesn’t seem to apply to perceiving our own body: because 
proprioceptive input is suppressed, normally our “perception” of our own 
body depends on the body representation constructed by the brain based on 
efferent copies of motor commands. But sonification affords a new stream of 
sensory information about the body through which we can come to perceive 
our bodies. By noticing how the acoustic input from sonification changes 
depending on our motion (aka sensorimotor exploration), we can come to 
perceive our bodily position and the effects of our movements on that 
position. Compare: if I feel pain sensations in my knee, I can come to perceive 
the damage and swelling causing those sensations by moving my knee and 
exploring how my pain covaries with movement; I come to not only “feel pain” 
diffusely, but come to perceive my torn or swollen ligaments. Sonification of 
movement affords something similar for bodily position. 



5. Summary



1. Poor bodily awareness in athletes derives from (a) the suppression of 
proprioceptive feedback and its localization to peripheral neural circuits, 
(b) which seems to lead to a lack of usable conscious bodily sensations, (c) 
and attention to a (distorted) body model that’s based on motor 
commands and not encoded in the objective spatial representations of 
vision.  

2. Athletes can improve their bodily awareness by (a) learning to draw from, 
and integrate, multiple sources of information about their body position 
and movement (e.g., visual, auditory, haptic, etc). (b) Integrating 
experiences of external objects (e.g., a barbell or bike pedals), the location 
of which carries information about the body, and are more accurately 
represented in the brain in objective spatial coordinates. (c) Attention 
should also be paid to how sensations and other feedback change with 
body movement, as accurate perception of physical objects (including the 
body) depends on those things being revealed through motion-dependent 
changes in sensory input.  

3. The supplementation of our sparse proprioceptive feedback through 
sonification can further improve an athlete’s bodily awareness by 
affording them valuable sensory information about body position which is 
either not registered at all by our proprioceptors, or is lost to local circuits 
or through suppression. 



Thank you!
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