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Abstract 
Motor sequence learning is a core cognitive process essential for skill acquisition, long studied within 
the cognitive and neurosciences. However, a full explanation of how sequential actions are executed 
has remained elusive. The dominant models provide only a partial answer to the “what” — the numer-
ical-symbolic elements (script items) to be acted upon — but not the “how” — the internal spatiotem-
poral structure that governs their execution. 

The explanatory model of the motoric movement action (2016) delivers a complete clarification of 
both the what and how of motor script execution. It demonstrates that through repeated task perfor-
mance, an implicit action trajectory pattern emerges — a structured cognitive template of lines be-
tween script items that encodes both the temporal and spatial features of action. For instance, when en-
tering a numeric code on a keypad, attention initially focuses on individual digits, but gradually a spa-
tiotemporal motor template forms, allowing execution even without conscious attention to the code. 

The same mechanism applies in full to the well-known children’s song “Head, Shoulders, Knees and 
Toes”. As each body part is touched in sequence — head, shoulders, knees, toes, and later ears, eyes, 
and nose — the learner implicitly constructs a spatiotemporal template that binds these points together 
through internal action lines. What begins as a conscious rehearsal of movements towards set locations 
becomes a seamless, self-guided motor performance governed by the same underlying principle: the 
formation of a predictive, trajectory-based template. Which in this special motor action encompasses 
two autonomous patterns. 

This shows crystal clear that the sequence items compel the cognitive numerical/symbolical represen-
tation of the “what” within any imaginable motor action and that the lines between those sequence 
items compel the cognitive spatio-temporal representation of the “how”(to move between the items) 
within any imaginable motor action. And that they both are capable to get the action autonomously ex-
ecuted. 

 

Introduction 
How do humans organize sequential motor actions — from entering a keypad code to performing a 
full-body routine like “Head, Shoulders, Knees and Toes”? This article proposes that all such behav-
iors rely on internal cognitive templates that govern not just what is acted upon, but how actions un-
fold in space and time. Within the context of motor learning, this model provides a complete clarifica-
tion of the internal representations that drive execution — a clarification grounded in principles of pre-
dictive coding, mental imagery, and action-based cognition. 

Motor sequence learning is a fundamental cognitive process that underlies virtually every form of skill 
acquisition. Despite decades of empirical investigation, current cognitive and neuroscientific models 
have failed to fully explain how such sequences are internally represented and executed. Most tradi-
tional frameworks differentiate between declarative memory — governing symbolic and conscious 
knowledge — and procedural memory — encoding implicit motor routines. However, this dichotomy 
has proven insufficient to clarify how the brain organizes the structure of sequential actions beyond 
isolated task fragments. 

The explanatory model of the motoric movement action (2016) offers a decisive breakthrough by in-
troducing a dual-representation framework in which both the symbolic elements of a motor task (the 
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“what”) and the internal pathways between them (the “how”) are cognitively encoded through re-
peated execution. These internal pathways are not simply motor habits; they are mental imagery struc-
tures — predictive templates shaped through experience, which guide movement even in the absence 
of conscious control. 

A commonly cited example is the act of entering a numeric code on a keypad. Initially, this task is 
guided by conscious attention to individual digits. Over time, however, an implicit spatiotemporal 
template emerges, allowing for fluid execution without recalling the numeric content. The finger 
simply "knows the way." Crucially, this phenomenon is not restricted to tool-based or instrumental be-
havior. The same underlying mechanism is fully active in playful, embodied actions — most clearly 
demonstrated in the well-known children’s song “Head, Shoulders, Knees and Toes.” 

In this motor routine, the performer touches a fixed sequence of body parts — head, shoulders, knees, 
toes, followed by ears, eyes, and the tip of the nose — in time with a rhythm. What begins as a con-
sciously guided sequence of target-oriented movements becomes, through repetition, a seamless, self-
organizing pattern of action governed by an internalized template. The performer is no longer execut-
ing discrete movements, but instead following a spatiotemporal map — a form of motor imagery that 
encodes both the symbolic identity of the targets and the motion paths that bind them. 

This dual structure — of symbolic-script representation (what) and spatiotemporal trajectory represen-
tation (how) — is not exclusive to any one domain of behavior. It is universally present in all goal-di-
rected motor actions and becomes increasingly autonomous with experience. What emerges is a para-
digm-shifting view of motor learning: not as a transition from declarative to procedural stages, but as 
the dynamic formation of hybrid cognitive structures that guide, adapt, and optimize performance 
across contexts. 

This article elaborates on this mechanism and demonstrates how such templates explain not only iso-
lated instances of motor learning but the broader architecture of mental imagery and predictive control. 
By analyzing how internal templates shape execution from keypad input to full-body sequences, we 
provide a comprehensive account of how action, perception, and prediction converge in the human 
motor system. 
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Part 1   

The perception of action trajectory shapes 
 

 

 

 

 

 

The explanatory model of the motoric movement action demonstrates convincingly that within every 
conceivable action, a perceptual image of a latent action trajectory shape is always created first, before 
the action can even be executed. It shows this with scientific evidence and an abundance of logical 
reasoning. 

A true novelty within this explanation concerns that the end of the trajectory shape is evaluated within 
the preceding tactical movement action (TMA), but that it is equally essential to take the bridging pro-
cess into account. This bridging process constitutes the very essence during the actual execution, the 
factual movement action (FMA), and that has been completely overlooked by science. 

The explanation shows that precisely this egocentric process requires the double and reciprocal media-
tion of the cortical streams, and it demonstrates that without a perceptual image of an action trajectory 
shape, nothing could ever be executed — and that it always happens implicitly, even when one con-
sciously tries to deny the existence of the action trajectory shape. 

In this part, a various range of motoric actions become clarified, all of which display the aforemen-
tioned universal principles and the multitude of perceptual processes that are inevitably coupled to 
them. The explanation proceeds from the example of grasping a coffee cup toward motoric actions in-
volving one’s own body. Within that discussion, it becomes evident that self-tickling is no exception to 
these universal principles, and that we will never be able to tickle ourselves. 

 

A. Motor actions with an External Environmental Object 

To fully unravel the phenomenon of action trajectory shapes, motoric actions are divided into two 
groups: 1. Actions involving an external environmental object, and 2. Actions involving one’s own 
body part as the environmental object. 

It will be shown that the perceptual processes regarding the creation and execution of the action trajec-
tory shapes do not differ within this twofold division. All actions can only be executed if a perceptual 
image of a latent action trajectory shape has been created. Without such a line, an action cannot begin. 

This simultaneously touches upon a novum that emerges within its explanation: the action trajectory 
shape indeed has a clear end goal, but it also concerns an autonomous bridging process of all places P 
of the end-effector between the starting point and the endpoint of the action trajectory shape. This fact 
is equally essential within our perceptual processes and has never before been recognized within sci-
ence. 
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Furthermore, it demonstrates that in the execution of actions directed toward one’s own body, proprio-
ceptive perception can be far more dominant and is even capable of executing actions autonomously. 
Which also reveals the novum that proprioceptive perception will always remain present in a hybrid 
form, even when the action can be performed through visual perception. 

 

1. Grasping a Coffee Cup1 

The explanatory model of the motoric movement action shows, with scientific evidence2, that before 
the actual execution of grasping can take place, a latent action trajectory shape is always created be-
tween the current position of the fingertips and the cup. It thereby provides a final answer to the entire 
scientific issue concerning predictive coding, predictive processing, and prediction errors, and shows 
with the formation of this action trajectory how grasping is afforded and how, during its actual execu-
tion, it is mediated online. 

It is furthermore demonstrated that we can only execute the exclusively external line from the finger-
tips by means of internal bodily movements3. The outer surface of the fingertips consists of living 
cells, yet they can’t be moved there. The movements belong to two entirely separated worlds, there-
fore concerning two foci, and thus the internal and external perception are completely autonomous. 

When grasping a coffee cup, the main purpose therefore concerns the construction of the action trajec-
tory shape as part of the tactical movement action (TMA) and the actual execution of the external ac-
tion trajectory shape during the factual movement action (FMA)  — as that compels the phenomenon  
that actually reaches the cup — and therefore the primary focus must be directed toward it. The inter-
nal bodily movements are only important for realizing this main goal and therefore concern the sec-
ondary focus, which must accordingly be directed toward that action trajectory shape. 

 

Illustrations: From any random position P of the fingertips, prior to factually grasping a coffee cup, a 
perceptual image is constructed of a successful latent action trajectory shape. Within that tactical pro-
cessing — the tactical movement action (TMA) — the eventual grasping is considered, but, equally es-
sential, it is determined whether the bridging process can take place through a continuous sequence of 
positions of the fingertips. This represents the very essence of the great omission within scientific 
thinking. The tactical deliberation encompasses the environmental object but the factual execution of 
that task in its ecological and evolutionary essence concerns the reduction of the number of places be-
tween the fingertips and the coffee cup. The perspective within this motor action must therefore be re-
garded out of the fingertips, and not out of the coffee cup. 

 
1 https://www.explanatorymodel.nl/common-daily-actions/grasping  
2 https://www.explanatorymodel.nl/common-daily-actions/grasping/within-the-grasping-of-a-coffee-cup-we-al-
ways-first-construct-a-perceptual-image-of-a-latent-action-trajectory-shape-out-of-the-perspective-of-the-finger-
tips-the-scientific-evidence 
3 https://www.explanatorymodel.nl/common-daily-actions/grasping/grasping-requires-a-compelling-collabora-
tion-between-an-internal-and-an-external-focus  
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Due to the two autonomous foci, a peculiar figure arises during the act of grasping a coffee cup, just as 
in every other motoric action. Solely the action trajectory shape — consisting of future fingertip posi-
tions — will perform the very essence of the task, yet it can do nothing by itself. It can only be exe-
cuted by a completely different, autonomous, internal movement. 
The explanatory model of the motoric movement action reveals, with this given, the most economical 
system ever conceivable. It shows that we are able to start moving the fingertips from any random po-
sition, to stop them at any moment, to change their path, or otherwise. It shows that with a minimum 
of means a maximum output can be achieved. 

However, there is a price to be paid for this ultimately economical system. Because two autonomous 
foci are involved in the action, and because the secondary focus must entirely take care of the realiza-
tion of the pre-imagined action trajectory shape, the fingertips will definitely deviate at every position 
P from the perceptual image of the latent trajectory we had in mind. We do wish to perform that beau-
tifully straight trajectory we have envisioned, but we simply cannot. The action trajectory shape is not 
directly controlled but secondarily, and therefore the fingertips will, at every position P, infinitely and 
randomly deviate from the perceptual image of the latent trajectory shape. It is thereby demonstrated 
that there must be a very heavy correction system present which mediates these deviations. The ex-
planatory model connects them with the processing mechanisms of the perception4, which do not con-
sist of one, but of two pathways: the ventral and the dorsal stream. 

These two streams mediate all deviations within the entire phenomenon of the relationship between 
fingertips and action trajectory shape, like a marble within a marble run, in a double and reciprocal 
process. The ventral stream is primarily concerned with the processing of all perceptions toward the 
entire trajectory shape, while still maintaining awareness of the actual position P(0) of the fingertips. 
Conversely, the dorsal stream is primarily concerned with the processing of all perceptions toward the 
actual position P(0) of the fingertips, while maintaining awareness of the entire trajectory shape. 

In this double and reciprocal process, the cortical streams correct each other in continuous alternation. 
They are therefore not activated in exact simultaneity, but because the reaction times are so short, it 
almost appears as if straight trajectory shapes are being created — which is clearly refuted in the exe-
cution of the nerve spiral5. 

The fingertips, in the transversal direction, will at every successive position infinitely and randomly 
deviate from the trajectory shape. These deviations along the x-axis are defined within the explanatory 
model as the zigzag-process. Likewise, an action object will always, at every successive position, infi-
nitely and randomly deviate from the trajectory shape in the longitudinal direction. These deviations 
along the y-axis are defined within the model as the accordion-process. 

These are difficult to visualize in an animation, yet driving a car or cycling without hand brakes pro-
vides an exact and tangible example of the autonomy of these two processes. 

 

 
4 https://www.explanatorymodel.nl/common-daily-actions/grasping/the-explanation-of-the-emergence-of-the-
cortical-streams-we-can-only-guide-the-fingertips-to-a-coffee-cup-with-a-zigzag-movement-yet-the-ingenious-
mediation-by-the-cortical-streams-creates-the-delusion-of-a-straight-action-trajectory-shape  
5 https://www.explanatorymodel.nl/common-daily-actions/the-nerve-spiral-game  
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Illustrations: Within science, it is still often assumed that one can create a straight action trajectory 
shape. The nerve spiral game shows convincingly that this is impossible and that, on the contrary, it 
concerns the opposite fact. Namely, that no one will ever be able to perform an identical action trajec-
tory shape in any motoric action whatsoever. We probably create a perceptual image of a smooth ac-
tion trajectory, but we can simply never execute it in that exact way. The double and reciprocal rela-
tionship of the fingertips within the action trajectory shape toward the coffee cup will, just like the ring 
toward the entire spiral, be continuously adjusted alternately by the ventral and the dorsal stream. 

 

Illustrations: Deviations are mediated, within every conceivable motoric action, in two autonomous 
ways: in width (form) and in length (line). It is difficult to visualize this within most actions. However, 
within driving a car or cycling (without hand brakes), one can clearly and unmistakably observe that 
the steering wheel can only mediate the zigzag-process, and the pedals can only mediate the accor-
dion-process. 

The explanatory model of the motoric movement action shows that the act of grasping a coffee cup 
concerns a highly complex system — a system that would receive no ecological grounding at all, if it 
were not reducible to something very simple. 

 

 

Illustrations: The explanatory model of the motoric movement action reveals such a complex dynamic 
system that an ecological approach would have great difficulty with it. Yet, the complex whole can be 
reduced to one very simple phenomenon: the mere observation of the disappearance of a line segment. 
This is analogous to the disappearance of the gap as described by D. N. Lee within his tau-coupling 
theory. 
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It must be remarked that under normal circumstances we observe the closing of the gap between the 
fingertips and the cup visually. But that is not the whole truth. In the subsequent explanations concern-
ing the opening of a lock with a key, it will become abundantly clear that one primarily perceives the 
closing of the gap through visual perception. Nevertheless, proprioceptive perception will always re-
main present in a hybrid form. Thus, even though one mainly sees the closing of the simple line seg-
ment of the gap, one also always feels — proprioceptively — the closing of that same gap as the 
movement of the fingertips toward the coffee cup. 

 

2. Opening a Lock with a Key6 

The explanatory model of the motoric movement action has also shown with scientific evidence that, 
when opening a lock with a key, just as with grasping, there is always first an action trajectory shape 
constructed between the current position of the key tip and the lock7. It has furthermore demonstrated 
that we can only create the exclusively external line of the movement of the key tip by means of inter-
nal bodily movements8 that extend only up to the outer surface of the key head. The movements be-
long to two entirely separated worlds, and therefore the internal and external perception are completely 
autonomous. 

When opening a lock with a key, the main issue concerns the construction and execution of the exter-
nal action trajectory shape — as solely that phenomenon reaches the lock — and therefore the primary 
focus must be directed toward it. The internal bodily movements are only important for realizing this 
main goal, and they therefore concern the secondary focus, which must consequently be pointed to-
ward that action trajectory shape. 

 

Illustrations: From any random position P of the key tip, during the act of opening a lock, a percep-
tual image is created of a latent action trajectory shape that will be successful. Within that process — 

 
6 https://www.researchgate.net/publication/382267910_The_complete_clarification_of_all_functional_percep-
tion_processes_when_opening_a_lock_with_a_key?_sg%5B0%5D=W6UVo1a1zvrmPd-JFIX4DFmO-
XbDhd9aBT1WJ_zcHsUmM8HrJyWec7pU-8HNrL5SAY6n9YjwDrSF3SVVglfxqYcdNIVxLLjBA  
7 https://www.explanatorymodel.nl/common-daily-actions/opening-a-lock-with-a-key/lock-opening-prior-to-
opening-a-lock-we-always-first-con-struct-a-perceptual-image-of-a-latent-action-tra-jectory-shape-out-of-the-
perspective-of-the-key-the-scientific-evidence  
8 https://www.explanatorymodel.nl/common-daily-actions/opening-a-lock-with-a-key/opening-a-door-lock-with-
a-key-requires-a-compelling-collaboration-between-an-internal-secondary-focus-and-an-external-primary-focus   
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the tactical movement action (TMA) — the eventual insertion into the lock is considered, but, equally 
essential, it is determined whether the bridging process can take place through a continuous sequence 
of positions of the key. This represents the very essence of the great omission within scientific thinking. 
The tactical deliberation encompasses the environmental object but the factual execution of that task 
in its essence concerns the reduction of the number of places between the key tip and the lock. The 
perspective of this motor action must therefore be regarded from the key tip, and not from the lock. 

Due to the two autonomous foci, a peculiar figure arises during the act of opening a lock with a key, 
just as in every other motoric action. Solely the action trajectory shape — consisting of future key tip 
positions — will perform the very essence of the task, yet it can do nothing by itself. It can only be ex-
ecuted by a completely different, autonomous, internal movement. The explanatory model of the mo-
toric movement action reveals, with this given, the most economical system ever conceivable. It shows 
that we are able to start moving the key tip from any random position, to stop them at any moment, to 
change its path, or otherwise. It shows that with a minimum of means a maximum output can be 
achieved. 

However, there is a price to be paid for this ultimately economical system. Because two autonomous 
foci are involved in the action, and because the secondary focus must entirely take care of the realiza-
tion of the pre-imagined action trajectory shape, the tip of the key will definitely deviate at every posi-
tion P from the perceptual image of the latent trajectory we had in mind. We do wish to perform that 
beautifully straight trajectory we have envisioned, but we simply cannot. The action trajectory shape is 
not directly controlled but secondarily, and therefore the key tip will, at every position P, infinitely 
and randomly deviate from the perceptual image of the latent trajectory shape. It is thereby demon-
strated that there must be a very heavy correction system present which mediates these deviations. The 
explanatory model connects them with the processing mechanisms of the perception9, which do not 
consist of one, but of two pathways: the ventral and the dorsal stream. 

These two streams mediate all deviations within the entire phenomenon of the relationship between 
the key tip and the action trajectory shape, like a marble within a marble run, in a double and recipro-
cal process. The ventral stream is primarily concerned with the processing of all perceptions toward 
the entire action trajectory shape, while maintaining awareness of the actual position P(0) of the key 
tip. Conversely, the dorsal stream is primarily concerned with the processing of all perceptions toward 
the actual position P(0) of the key tip, while maintaining awareness of the entire action trajectory 
shape. 

 

In this double and reciprocal process, the cortical streams continuously correct each other in alternat-
ing succession. They are therefore not activated at every time interval simultaneously, but because the 
reaction times are so short, it almost appears as if straight action trajectory shapes are being created — 
which is clearly refuted in the execution of the nerve spiral10. The key tip, in the transversal direction, 
will at every successive position infinitely and randomly deviate from the trajectory shape. These 

 
9 https://www.explanatorymodel.nl/common-daily-actions/opening-a-lock-with-a-key/the-explanation-of-the-
emergence-of-the-cortical-streams-we-can-only-guide-the-key-toward-a-lock-with-a-zigzag-movement-yet-the-
ingenious-media-tion-by-the-cortical-streams-creates-the-delusion-of-a-straight-action-trajectory-shape  
10 https://www.explanatorymodel.nl/common-daily-actions/the-nerve-spiral-game  
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deviations along the x-axis are defined within the explanatory model as the zigzag process. Likewise, 
an action object will always, at every successive position, infinitely and randomly deviate from the tra-
jectory shape in the longitudinal direction. These deviations along the y-axis are defined within the ex-
planatory model as the accordion process. They are difficult to visualize in an animation, yet driving a 
car or cycling without hand brakes provides a perfect and tangible example of the autonomy of these 
two processes. 

 

Illustrations: Within science, it is still often assumed that one can create a straight action trajectory 
shape. The nerve spiral game shows convincingly that this is impossible and that, on the contrary, it 
concerns the opposite fact. Namely, that no one will ever be able to perform an identical action trajec-
tory shape in any motoric action whatsoever. We probably create a perceptual image of a smooth ac-
tion trajectory, but we can simply never execute it in that exact way. The double and reciprocal rela-
tionship of the fingertips within the action trajectory shape toward the coffee cup will, just like the ring 
toward the entire spiral, be continuously adjusted alternately by the ventral and the dorsal stream. 

 

Illustrations: Deviations are mediated, within every conceivable motoric action, in two autonomous 
ways: in width (form) and in length (line). It is difficult to visualize this within most actions. However, 
within driving a car or cycling (without hand brakes), one can clearly and unmistakably observe that 
the steering wheel can only mediate the zigzag-process, and the pedals can only mediate the accor-
dion-process. 

The explanatory model of the motoric movement action shows that the act of opening a lock with a 
key concerns a highly complex system — a system that would receive no ecological grounding at all, 
if it were not reducible to something very simple. 

 



How a Cognitive Representation of Templates Arise within “Head, Shoulders, Knees and Toes” - 
The Complete Clarification of Mental Imagery, Predictive Coding and Predictive Processing within Grasp Actions 

 
Contact: kwillinq@gmail.com Website: https://www.researchgate.net/profile/Nj-Mol?ev=hdr_xprf  –     N.J. Mol     11 

 

 

Illustrations: The explanatory model of the motoric movement action reveals such a complex dynamic 
system that an ecological approach would have great difficulty with it. Yet, the complex whole can be 
reduced to one very simple phenomenon: the mere observation of the disappearance of a line segment. 
This is analogous to the disappearance of the gap as described by D. N. Lee within his tau-coupling 
theory. 

It must be remarked that under normal circumstances we observe the closing of the gap between the 
key tip and the lock visually. But that is not the whole truth. In the subsequent explanation concerning 
the opening of a lock with a key within pitch black darkness, it will become abundantly clear that one 
primarily perceives the closing of the gap through visual perception. Nevertheless, proprioceptive per-
ception will always remain present in a hybrid form. Thus, even though one mainly sees the closing of 
the simple line segment of the gap, one also always feels — proprioceptively — the closing of that 
same gap as the movement of the fingertips toward the coffee cup. 

 

3. Opening a Lock with a Key Within Pitch Black Darkness 

The transition from opening a lock in daylight to performing precisely the same task in pitch black 
darkness will reveal many fundamental aspects. It will show that every motor action is always carried 
out through a hybrid form of perceptual processing. Which stands in sharp contrast to the prevailing 
assumption within contemporary science. The dominant belief still holds that only one type of percep-
tual process is involved in a motor action, and that it always occurs in a fixed constellation. 

When we want to execute actions in complete darkness, a perceptual image of the action trajectory 
shape must still first be created. This can be achieved by using the non-key hand to first locate the lock 
and then placing that hand near the lock. By combining previous cognitive knowledge of the (familiar) 
lock with this haptic perception, we can now construct an action trajectory shape between the key tip 
(which we perceive proprioceptively at a distance) and the keyhole (which we now perceive proprio-
ceptively in direct contact). 

  

Illustrations: In total darkness, we place the non-key hand at the lock. The entire action is then car-
ried out identically to the procedure in daylight. The novum here, however, is that the three obligatory 
foci are now perceived completely proprioceptively: 1. The movement of the lock, 2. The external 
movement of the key tip (primary focus), and 3. The internal bodily movements directed toward the key 
head (secondary focus). 

With this action trajectory shape, one can now, exactly as in the previous description where visual per-
ception was possible, reduce the tau-value to zero through the cooperation of the two foci and the me-
diation of the cortical streams within the zigzag and accordion processes, and thus execute the action 
successfully — purely through proprioceptive perception. In here it must be remarked that the percep-
tion of the hand placed at the lock coincides with the perception of the end of the action trajectory 
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shape — which in practice makes no difference — but that, in essence, it concerns the perception of 
the hand itself. We must therefore keep the non-key hand positioned at the lock. 

 

Illustrations: In an unfamiliar vehicle, the process of starting the car must first be calibrated, which 
often provokes the visual location of the ignition slot. However, with repeated execution, an implicit 
perceptual image of the action trajectory shape develops, which is internalized as a cognitive template 
after just a few repetitions. This results in an autonomous representation capable of guiding the motor 
execution without any visual control. Solely depending on proprioceptive perception processes. 

The action is therefore executed entirely through proprioceptive perception. Within this, a unique in-
sight emerges: that the primary and secondary focus originate directly from this dual perceptual en-
gagement. It thereby demonstrates that proprioceptive perception must contain two autonomous phe-
nomena. The explanatory model of the motoric movement action aligns these with the known phe-
nomena regarding proprioceptive perception: limb position and movement11. 

Within the context of this article, however, the most crucial point is that proprioceptive perception 
does not disappear when we open a lock in daylight. It remains the foundational layer of all perceptual 
processing. The breakthrough insight lies in the realization that even when we see the key moving 
along the action trajectory shape toward the lock, we also feel it — always, and inevitably, in a hybrid 
form. 

 

B. Motor Actions with One’s Own Body as Environmental Object 

From actions involving an external environmental object, the transition is now made to those motor 
actions in which the end point of the action trajectory shape concerns a part of one’s own body. The 
conclusion will show that there is no essential difference in how these action trajectory shapes are cre-
ated, nor in how the cortical streams must mediate their execution online. 

This section gradually builds toward the phenomenon of self-tickling, demonstrating that a multitude 
of egocentric perceptual processes must be activated in such cases — processes that render the experi-
ence of an “unexpected” tickling sensation absolutely impossible. 

Beyond providing a complete description of the tickling paradox, this part also delivers the compre-
hensive explanation of how all parts of our body relate to one another within our perceptual processes. 
This, in turn, gives rise to the final and complete clarification of The Rubber Hand Illusion. 

 

1. Head, Shoulders, Knees and Toe 

Once the insight has been established that we can create an action trajectory shape between two hands 
solely through proprioceptive perception, as explained within the key task, it becomes evident that 
such action trajectory shapes can also be formed between all parts of the body. In relationship to 
which it can be remarked that these shapes are latently present between every conceivable pair of body 

 
11 Proske, U., & Gandevia, S. C. (2012). The proprioceptive senses: their roles in signaling body shape, body po-
sition and movement, and muscle force. Physiological Reviews, 92(4), 1651–1697. 
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parts, yet they only become relevant within an egocentrically formulated intention — they are acti-
vated only when attention is directed toward them. 

As an illustrative example, the international children’s song and dance Head, Shoulders, Knees and 
Toes12 is taken. The explanation follows precisely the same principles as the grasping process de-
scribed earlier with the coffee cup. The only difference here is that the end point of the action trajec-
tory shape now concerns a body part of one’s own. 

 

Illustrations: At the moment when both hands are positioned on the head as their starting point, we 
can, from both hands simultaneously, construct and execute action trajectory shapes toward any other 
part of the body. With some practice, we can even perform separate action trajectory shapes at the 
same time — for instance, one toward the shoulder and one toward the knee (or combinations such as 
belly–knee, ear–hip, and so forth). Within this children’s dance, however, the movements are synchro-
nous. It can be noted that they ultimately form two autonomous yet perfectly mirrored templates. Like 
within the coloured image. 

 

In precisely the same way, the action trajectory shapes within this children’s dance are created as they 
are when grasping a coffee cup or opening a lock with a key. The cortical streams must therefore me-
diate the autonomous action trajectory shapes of both the left and the right hand.  

One can observe that the distances between the respective body parts differ, and yet the system is able, 
through the previously described zigzag and accordion processes, to mediate the deviations of the 
hands within the significant action trajectory shapes perfectly in rhythm with the music. 

  

 
12 https://www.youtube.com/watch?v=S2eRNzsAZg4 



How a Cognitive Representation of Templates Arise within “Head, Shoulders, Knees and Toes” - 
The Complete Clarification of Mental Imagery, Predictive Coding and Predictive Processing within Grasp Actions 

 
Contact: kwillinq@gmail.com Website: https://www.researchgate.net/profile/Nj-Mol?ev=hdr_xprf  –     N.J. Mol     14 

 

As the song comes to its conclusion, the index finger must also be brought to the tip of the nose. At 
this very moment, the nerve spiral game once again comes into play, revealing that all action trajec-
tory shapes — including those within this dance — can never be executed identically c.q. will always 
undergo a zigzag process. 

When the music is played slowly, there is sufficient time to mediate the deviations, and the tip of the 
nose will usually be reached directly. However, when the tempo of the music exceeds a certain thresh-
old, it can be observed that the fingertip will regularly miss the exact tip of the nose. 

The explanation is simple: the hands constitute relatively large surfaces, which can compensate for a 
great many deviations within their own size. In short, if one had to bring the palm of the hand to the 
nose, the action would never fail. However, because the index finger represents a relatively small sur-
face, even minimal deviations within the action trajectory shape toward the nose will have a far greater 
effect. 

 

2. Clapping the Hands Behind the Back 

The example of bringing the index finger to the nose, or bringing food to the mouth, already demon-
strates that visual perception is not essential for the successful execution of a motoric action. To sub-
stantiate this principle with convincing evidence, the act of clapping the hands behind the back will 
now be examined in more detail. 

  

Illustrations: It makes no difference whether we clap our hands in front of or behind the back. In both 
cases, we create from each hand an autonomous action trajectory shape directed toward a point of 
intersection between the two lines. Although we could in principle observe this process in front of us 
visually, we usually perform it predominantly through proprioceptive perception. Due to the fact that 
we can proprioceptively feel the tau-values of both action trajectory shapes approaching zero with 
great accuracy, it is even possible to execute a crescendo within the clap itself. 

When clapping the hands there are, as in the dance Head, Shoulders, Knees and Toes, two moving 
body parts with two autonomous action trajectory shapes. This makes the action more complex than a 
motor action requiring only a single trajectory shape to be created and executed. Nevertheless, we can 
easily bring the hands together, because the deviations within each action trajectory shape are never 
large enough to cause one hand to miss the other. Moreover, we can add a crescendo to the actual clap 
purely through proprioceptive awareness. Thus, we can feel with remarkable precision the moment 
when the tau-value between the hands approaches zero. 

 

3. Tickling 

With all the preceding explanations, it can now be made crystal clear why being tickled differs so pro-
foundly from tickling oneself. 



How a Cognitive Representation of Templates Arise within “Head, Shoulders, Knees and Toes” - 
The Complete Clarification of Mental Imagery, Predictive Coding and Predictive Processing within Grasp Actions 

 
Contact: kwillinq@gmail.com Website: https://www.researchgate.net/profile/Nj-Mol?ev=hdr_xprf  –     N.J. Mol     15 

 

When one is being tickled — no matter how predictable the situation may seem — it represents, from 
an evolutionary and ecological perspective, an attack on the body. Such an event triggers a basal hap-
tic alertness of the organism, a readiness to face a potential struggle of survival. The body therefore 
prepares itself for a (tickling) attack, yet the attacker (the tickler) conceals the lines of the attack within 
two autonomous phenomena: time and form. 

  

Within being tickled we do not plan anything ourselves, as we do in all previously discussed motoric 
actions, and the (tickling) attack remains uncertain in both time and place until the very last moment. 
This sustained uncertainty, this perceptual impossibility to anticipate, generates the maximal tickling 
sensation. 

   

With all the preceding information, it becomes equally clear why tickling oneself is fundamentally dif-
ferent. In self-tickling, all of the conditions described above disappear. One cannot attack oneself, and 
one cannot engage in any motoric act toward one’s own body without already knowing the exact ac-
tion trajectory shape that connects the acting effector to the target area.  

Every self-directed movement is therefore preceded by a precisely anticipated and proprioceptively 
formed action trajectory. The cortical streams need to heavily mediate this process, the body already 
knows the location, and the hand already knows the time-to-contact c.q. the tau-value. Thus, no ele-
ment of surprise can ever arise and it is precisely that absence of uncertainty — that perfect internal 
mediation of time, space, and intention — which abolishes the tickling effect altogether. 

 

 

 

 

 

 

 

 


