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Preface 
 

Only that day dawns to which we are awake.1 

Henry David Thoreau concludes his final pages of Walden thusly, with a quiet 

admonishment of complacency. In truth, it is less of a conclusion than a summoning: tentatively 

open-ended, an invitation to rub the sleep from our bleary eyes and claim active, intentional 

ownership of our thoughts.  

Why does he care? 

What would happen if we stopped thinking? 

 

The answer, profoundly simple, crushes us under its weight: when we stop thinking, we 

forfeit our humanity. 

***  

 Neurologists, inventors, computer scientists, and philosophers alike have poured countless 

hours into the study of the brain. Like the darkest depths of the ocean and the farthest-flung corners 

of the galaxy, the brain is one of the final frontiers in science, and its novelty has captivated many. 

Scientist, inventor, and philosopher Ray Kurzweil and his thoughts on merging the mind with 

technology are the inspiration behind this essay. I aim to develop a phenomenological account of 

cognition and how the idea of a Kurzweilian Singularity threatens the meaning of being human by 

altering the experiences of thought and learning. I will begin by introducing the technologies in 

question and the vision that Kurzweil has for them. From there, I will present some of the basic 

                                                           
1 Thoreau, Henry David. 1584. Walden. 
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tenets of phenomenology as a discipline, explore the psychophysiology of thought and learning, 

and consider what implications each has for the other. Using primarily the work of Edmund 

Husserl and Martin Heidegger as my philosophical foundation, I will argue that science supports 

a phenomenological view of cognitive psychology and that Kurzweil’s proposed innovations 

would be so unfaithful to the essence of the human mind as to obliterate our nature as we know it 

entirely. 
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The Singularity 
 

 Kurzweil’s Singularity refers to the point in our evolutionary narrative at which the organic 

and the technological are integrated to the point of being truly united and inseparable. From that 

point forward, our biological intelligence will be superseded by machine intelligence developed 

using a combination of technologies that allow us to accurately and completely model the structure 

and function of a human brain. This will be achieved through developments in both software and 

hardware, as well as neural implants which will permit direct interfacing of and bidirectional 

communication between neurons and electric circuits. The ‘human 2.0,’ according to Kurzweil, 

will be a superior machine combining a parallel-processing ability inspired by the human brain 

with the astronomical efficiency and computing power of a supercomputer and the effectively 

limitless storage capacity of ‘the Cloud,’ through which we will be connected to all other people 

and information.2 Furthermore, this may extend beyond the brain to the more comprehensive 

‘mind’ in the form of nearly-microscopic robots that circulate the body, regulating and optimizing 

the function of everything from blood cells to immune cells to neurons, endocrine cells, and the 

molecules of emotion.3 While fascinating, the optimization of the entire body and all of its systems 

extends well beyond the scope of this project, so I will henceforth focus on the brain alone. 

Kurzweil acknowledges the miracles of human neurobiology, but declares its inefficiency 

a vulnerability in need of perfecting. For example, connecting the brain to the Cloud would 

theoretically remove all ambiguity in answering questions and making decisions, since all existing 

information would be available to the brain at any given moment. Never again would someone 

come to the incorrect conclusion or do the wrong thing. (This, of course, presupposes that there is 

                                                           
2 Kurzweil, Ray. 2005. Ch. 1, ‘The Six Epochs.’ In The Singularity is Near, 26. New York: Penguin.  
3 Ptolemy, Robert Barry. 2009. Transcendent Man. Film. 
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one true answer or course of action in any given scenario, which itself is subject to debate.) Much 

time wasted on mistakes and the damage that results from them could be avoided in this way. Also, 

transforming thought into a technological rather than a biological event would mean that it could 

occur at the rapid and consistent speed of light rather than the comparatively slow and variable 

speed of biochemical processes. In Kurzweil’s own words, “The Singularity will allow us to 

transcend these limitations of our biological bodies and brains. We will gain power over our fates. 

Our mortality will be in our own hands.”4 The rate of human progress would, he believes, grow 

exponentially until society and knowledge skyrocket far beyond what we can even conceptualize 

now. 

 Without a doubt, we are already on this path, and have been since before the beginning of 

recorded time. If at the core of this progression is an abstraction from lived experience, we arguably 

began to disconnect from the world and ourselves in the moment that we acquired language 

(something which, rather confusingly, seems itself to be at the very heart of our nature). But as 

soon as we assigned a particular sound to an object, inevitably that sound became an abstraction 

from the lived experience. Later, written language would follow, and the characters representing 

the sound that represented the thing would be an even further abstraction—one with the added 

bonus of being able to store information. Suddenly what was encoded within the synapses of our 

brains was no longer the only information accessible to us. Thus began the Singularity: loosely 

put, the coevolution of human beings alongside the technology that allows us to transcend our 

inherent capacity for just about any task imaginable.  

                                                           
4 Kurzweil, Ray. 2005. Prologue. In The Singularity is Near, 8. New York: Penguin.  
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Kurzweil’s Singularity is a radicalized extrapolation from anthropological history, not a 

novel theory. It is a concerning one, however, because the practical leap from our current reality 

to the one he envisions is, in some ways, fairly small. As of 2015, 68% of US adults possessed a 

smartphone, and 86% of Americans between the ages of 18-29 own one—a fact which does little 

more than support what we already know to be true anecdotally.5 The ubiquity of the smartphone 

continues to rise, and these portable information treasure troves are becoming accepted as truly 

essential accessories. Additionally, about 49% of the world has regular access to the Internet, and 

this statistic climbs as high as 88% when we isolate North America’s Internet usage.6 This means 

that the lag time from question to answer is already inconsequential for nearly half of the global 

population, and certainly for the vast majority of the developed world. Individuals who own a 

smartphone and have consistent Internet access can instantly find information about any question 

that crosses their mind (and, if they so choose, share it with a friend on the other side of the world). 

Is this really so different from the reality Kurzweil proposes? Is it so hard to imagine a collective 

attitude shift from confusion and fear to enthusiastic acceptance of the implantation of a computer 

in one’s brain, the connection of everyone to everyone else via the Cloud? Perhaps the dawn of 

the Singularity would merely be humanity shaking off the last clunky vestiges of external 

technology in favor of a more streamlined process that cuts out the ‘middle man’ and opens the 

door for incredible convenience and efficiency.  

The knee-jerk reaction to claims such as these might be simply to insist that Kurzweil’s 

ideas are implausible from a physical standpoint. I do not necessarily disagree. Even if science 

reaches this point, as a biologist it is my opinion that the chances of it getting there in the lifetime 

                                                           
5 Anderson, Monica. 2015. Technology Device Ownership: 2015. Pew Research Center. 
6 Usage and Population Statistics. 2017. World Internet Users and 2017 Population Stats. WorldStats. 
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of anyone alive today are slim to none. Even if and when such technologies are achieved, the 

political and administrative red tape and logistical challenges that would inevitably surround their 

implementation would likely be prohibitive. However, my endeavor is primarily a thought 

experiment unconcerned with the actualization of this technology, so I will not delve into debate 

over why Kurzweil could or could not be right. My concern with the idea arises from the loss of 

learning as we understand it, to be replaced by what I will henceforth refer to as ‘enhanced 

intuition’: rather than discovering a question, actively acquiring new information about the subject 

of the question through the physical senses, and translating it physiologically into learned material 

via long term potentiation, all possible information would just be automatically accessible to the 

brain. Before the question could even be conceptualized, the answer would already be there. This 

information, no longer grounded in lived experiences and lacking context and intentionality, would 

be utterly devoid of meaning in a human sense. While all information would be accessible, none 

would be actively and deeply known. But to understand why this is the case—and why it is 

problematic—requires both a neuroscientific and a phenomenological background, which I will 

endeavor to provide in in the sections to follow.  
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What Is Phenomenology? 
 

Phenomenology, at its most basic, is ‘the study of things.’ As this is rather nondescript, we 

may elaborate on this definition and think of it as a way of getting at the essences of things and 

understanding how we as human subjects interact with the world of objects that surrounds us. 

Phenomenology is, in many ways, a revolt against Cartesian dualism and the existential crisis that 

accompanies it.7 Descartes, seeking to ease the anxiety brought by scientific advancements of the 

17th century, declared that in addition to the physical matter and forces that make up the universe, 

there are also immaterial minds and reason. This preserved the idea of agency which was otherwise 

lost from the new, empirical way of looking at the world. However, in so doing, Descartes created 

a lonely, solipsistic existence for humans, who are, according to his model, stuck inside themselves 

with their reason but no way of accessing the physical world outside of their mind. 

Phenomenology, in turn, re-grounds humans in the physical world, asserting that the relation of 

both subject and object of consciousness to the act of consciousness itself allows for contact to be 

made between the two.  

Consider the diagram below: 

   I                                                                 World 

                                                                   Perceive 

The lines connecting both the subject of consciousness (“I”) and the object of consciousness 

(“World”) to the act of consciousness (“Perceive”) remind us that the act of consciousness requires 

the participation of both subject and object and is representative of something pre-duality, 

something ontologically prior to the gap between the two. The line linking subject and object 

                                                           
7 Bradley, Daniel O. 2016. Phenomenology. Vol. Lecture notes Gonzaga University. 
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represents the fact that the nature of the act of consciousness makes it possible for subjects to truly 

encounter and make contact with objects.  

Two of the most important phenomenologists, whose writings I will look to throughout 

this paper, are Edmund Husserl and Martin Heidegger. Husserl described his philosophical 

writings as a “teleological-historical reflection upon the origins of our critical scientific and 

philosophical situation, to establish the unavoidable necessity of a transcendental-

phenomenological reorientation of philosophy.”8 He focuses on sedimentation, his term given to 

the previously-described progression of technological abstractions from lived experience. Husserl 

asserts that such abstractions isolate us from essential truths. Heidegger, who was actually an 

assistant to Husserl at the University of Freiburg until assuming the position of Chair of Philosophy 

upon Husserl’s retirement, shares many of his concerns but believes that Husserl does not go far 

enough.9 Heidegger acknowledges a greater role for an individual’s past experiences as 

adumbrations of a given scenario. For that reason, his philosophy has a flavor of awe and 

appreciation because he believes in contingency, that the essences of things as they are could have 

been different, but weren’t. This gratitude moves him to worry about truths becoming inaccessible 

or even invisible to us. He is also fascinated by the role of limits and boundaries in defining the 

essences of things, something which will become very important as I move into a discussion of 

sensory perception and attention. Thus, to consider phenomenology in the context of neuroscience 

and vice versa, it is fitting to open with the many means of perceiving. We will begin with the 

neuroscientific mechanisms underlying perception and gradually integrate pertinent 

phenomenological commentary. 

                                                           
8 Husserl, Edmund. 1936. "Preface." In Crisis of the European Sciences and Transcendental Phenomenology. 

Chicago: Northwestern University Press. 
9 Heidegger, Martin. 2008. Basic Writings, edited by D. F. Krell Harper Perennial Modern Classics. 
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Sensory Acquisition of Information 
 

The manner in which we perceive the world is at the very foundation of phenomenology, 

which seeks to find connection with our environment through the senses. Acquisition of 

information is a complex process modulated by a plethora of neural mechanisms, but we will focus 

on the basics of three major concepts: sensation and perception; attention; and long-term 

potentiation.  

We will begin with an introduction to the action potential, which is the foundation for all 

neural activity. When a membrane separates charged ions, a membrane potential is created, which 

is simply the difference between the charge on one side of the membrane and the charge on the 

other side. Neurons at rest have a negative resting membrane potential. This is due to the fact that 

neurons actively transport ions across their membranes in order to maintain specific concentrations 

of certain important ions inside the cell, including sodium (Na+), potassium (K+), chloride (Cl-) 

and calcium (Ca2+) ions. The primary piece of cellular machinery responsible for orchestrating this 

balance is an integral membrane protein called the Na+/K+ pump. Na+/K+ pumps exist all over the 

body, but in the neuron they are uniquely poised to maintain the necessary resting potential that 

allows for neuronal function. This protein pumps out three Na+ ions for every two K+ ions that it 

brings into the cell, resulting in a net increase in the positive charge of the extracellular space as 

compared to the internal environment of the cell.10 (See Figure 1.) Neurons have a resting 

membrane potential of approximately -70 mV. At this voltage, many other ion channel proteins 

embedded in the membrane are closed and no ions can move between the intra- and extracellular 

space.  

                                                           
10 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Cellular and Molecular 

Neuroscience. In Fundamental Neuroscience, 93. Waltham, MA: Elsevier. 
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Figure 1. Top. The anatomy of neuron. Bottom. The sodium-potassium pump, found in the membrane of 

the soma of the neuron. Three sodium ions from inside the cell and a molecule of ATP first bind to the 

pump. The breaking of a phosphate bond in the ATP provides the energy to change the shape of the channel, 

expelling the three sodium ions into the extracellular space and opening up the pump to bind two potassium 

ions. Finally, release of the phosphate from the pump returns its configuration to normal, spilling the two 

potassium ions inside the cell.11,12   

 

 

                                                           
11 Neuron. In Wikipedia [database online]. 2017Available from https://simple.wikipedia.org/wiki/Neuron. 
12 Uthaman, Deepthi. Membrane transport. 2007Available from http://biology4ibdp.weebly.com/14-membrane-

transport.html. 
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However, a stimulus can trigger a different type of membrane protein, a simple Na+ 

channel, to open. This event occurs in a variety of ways (which will be explored in more depth in 

the following section on sensation), but when it does, sodium rushes from the extracellular space 

through the channel and into the cell. This occurs for two reasons: firstly, the Na+ ion is positively 

charged and therefore is attracted to the more negatively charged interior environment of the cell; 

and secondly, Na+ is less concentrated inside the cell. A fundamental rule in the natural sciences 

is that like molecules naturally move to distribute themselves uniformly and therefore will move 

towards an area of lower concentration, much like how one might gravitate towards an empty table 

at a crowded shopping mall rather than walking straight into a gaggle of preteen girls. Movement 

of Na+ ions into an the neuron alters the membrane potential in that particular region of the cell. 

(See Figure 2.) If the stimulus is strong enough to reach the threshold potential (usually around -

55 mV), an action potential is generated.13 Local voltage-gated Na+ channels, which respond to 

the threshold potential, suddenly open, allowing more Na+ to rush in; diffusion of these ions 

throughout the cell body causes more and more voltage-gated Na+ channels to open up all over the 

neuron until its overall membrane potential is about 40 mV.  

Figure 2. A sodium channel. A stimulus causes the channel to open, and because there is more sodium 

outside the cell than there is inside, the sodium ions will naturally flow down the concentration gradient 

into the intracellular space, making the interior of the cell more positively charged (depolarization). This 

change in voltage causes more such channels to open, ultimately depolarizing the entire cell.14  

 

                                                           
13 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Cellular and Molecular 

Neuroscience. In Fundamental Neuroscience, 93. Waltham, MA: Elsevier. 
14 How neurons communicate. In Rice University [database online]. 2017Available 

from https://cnx.org/contents/cs_Pb-GW@5/How-Neurons-Communicate. 
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The perpetuation of this depolarization down the axon of the cell is what enables it to communicate 

with other neurons. 

When the depolarization event reaches the axon terminals, it may trigger the release of 

neurotransmitters (small molecules used for inter-neuronal communication) into the synapse, the 

space between an axon terminal of one neuron and the dendrite of another.15 When the target 

neuron receives the neurotransmitters, this may initiate another depolarization event, further 

propagating the original stimulus so that it eventually reaches the central nervous system, which 

consists of the brain and spinal cord.16 Meanwhile, voltage-gated K+ channels respond to a highly 

positive membrane potential; when they open, they allow K+ to rush out of the cell in order to 

balance out the charge and then return it to resting potential, closing off the voltage-gated Na+ 

pumps and stopping the action potential in that cell.17 The K+ channels actually tend to do their 

job a little too well, and the cell returns to about -75 mV, an event known as hyperpolarization.18 

Na+/K+ pumps then get back to work repolarizing the cell so that it is ready for another action 

potential. During this recovery period, the neuron cannot receive or transmit any information.19 

The process just reviewed is specifically that of an afferent potential, that is, one that travels 

from the periphery to the central nervous system, translating sensory information into something 

that the brain can understand and respond to. There are also efferent potentials, which work in 

essentially the same way except that they travel from the central nervous system to the periphery.20 

These are essential for everything from maintaining fluid balance and body temperature to 

                                                           
15 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Fundamentals of Motor Systems. 

In Fundamental Neuroscience, 600. Waltham, MA: Elsevier. 
16 Ibid. 
17 Ibid. 
18 Ibid. 
19 Ibid. 
20 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Nervous System Development. 

In Fundamental Neuroscience, 499. Waltham, MA: Elsevier. 
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enabling us to speak and move around, but are less important for this discussion and so will not be 

treated any further. 

As aforementioned, there are a variety of different ways that a peripheral neuron can be 

stimulated to induce an action potential. Human beings have five primary sensory systems: the 

gustatory (taste), olfactory (smell), auditory (hearing), visual (sight), and somatosensory (touch) 

systems. Each of the five systems has specialized peripheral receptor cells that respond to a 

particular type of stimulus to translate it into an interpretable signal in the central nervous system. 

Based on their specializations, these peripheral receptors transform incoming information in the 

form of light, heat, and mechanical or chemical stimulation into changes in cell membrane 

potential. Such changes can be propagated rapidly by the process just described, sending the 

information to the brain and other parts of the body. In this way, the various forms of sensory 

information are consolidated into one ‘language,’ so to speak, in order to provide the central 

nervous system with a single cohesive representation of the external world.21 

Tasting cells are, predictably, found in the taste buds of the tongue. The gustatory system 

is designed to use chemical cues to determine whether something is edible or poisonous, as well 

as identify foods that are high in nutritional value.22 (This is why sweet, fatty, and salty foods are 

so appealing to us: sugars and fats are high in energy, and salt, while it is severely overconsumed 

in our culture of processed and prepared foods, is not particularly easy to come by in more natural 

food sources but is essential to many processes. For this reason, we are biologically programmed 

                                                           
21 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Nervous System Development. 

In Fundamental Neuroscience, 499. Waltham, MA: Elsevier. 
22 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Sensory Systems. 

In Fundamental Neuroscience, 513. Waltham, MA: Elsevier. 
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to seek it out and enjoy the taste of it.23) The olfactory cells work in a very similar manner: they 

also recognize different chemical ligands in the air we breathe so that the brain is able to analyze 

whether what we are smelling signals imminent danger, the presence of something good to eat, the 

arrival of a potential mate, or the need to empty the garbage.24 In audition, the structure of the outer 

ear, composed of the pinna (visible portion of the ear) and the external auditory canal, influences 

the sound spectrum that is transmitted into the middle ear in a way that enables the hearer to 

localize the source of the sounds.25 Deep inside the inner ear, fiber-like cells in the spiral-shaped 

cochlea called hair cells translate the mechanical energy of vibrations into receptor currents, which 

can then be transmitted to the central nervous system. These hair cells are responsible for 

conveying information about sound intensity, timbre, and pitch.26  

Vision is arguably the most complex of the senses, but is also the most studied and best 

understood area of sensory neuroscience. In many mammals (particularly the higher primates), 

more of the brain is devoted to the processing of visual information than any other sensory 

function. Retinal neurons are one of five types: the photoreceptors, which include the familiar rods 

and cones (specialized for low and high light conditions, respectively); inhibitory and excitatory 

bipolar interneurons; and neurons of the optic nerve, which transmits information acquired by the 

eye to the brain. Photoreceptor cells are hyperpolarized by light, causing an action potential which 

is transmitted to bipolar neurons and then to the optic nerve so that the brain can interpret the visual 

                                                           
23 Linden, David J. 2011. Food, pleasure, and evolution: How food corporations exploit your brain's pleasure 

circuits. Psychology Today. 2011. 
24 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Sensory Systems. 

In Fundamental Neuroscience, 520. Waltham, MA: Elsevier. 
25 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Sensory Systems. 

In Fundamental Neuroscience, 553. Waltham, MA: Elsevier. 
26 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Sensory Systems. 

In Fundamental Neuroscience, 555. Waltham, MA: Elsevier. 
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information, a process known as phototransduction.27 There is evidence to suggest that 

phototransduction also occurs in ganglia (clusters of nerve cells) of the eye which are not 

implicated in vision but which contain the pigment melanopsin, and that these ganglia are 

responsible for communicating information about light levels to regions of the brain involved in 

the sleep-wake cycle.28  

Finally, the somatosensory system has many responsibilities to account for: it must detect 

and interpret thermal, tactile, and mechanical data in order to maintain homeostasis as well as 

guide movement. These cells are traditionally divided into 13 types of somatosensory receptors 

which include proprioceptors (tactile sensation), nociceptors (pain perception), thermoceptors 

(temperature detection), and mechanoceptors (mechanical changes), which allows for specialized 

processing of different kinds of information.29 The way they operate, however, is essentially the 

same: physical changes such as pressure and temperature alter the permeability of the neuronal 

cell membranes, triggering an action potential which can eventually be processed and responded 

to by the brain.  

 

 

 

 

                                                           
27 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Sensory Systems in Fundamental 

Neuroscience, 580. Waltham, MA: Elsevier. 
28 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Sensory Systems in Fundamental 

Neuroscience, 581. Waltham, MA: Elsevier. 
29 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Sensory Systems in Fundamental 

Neuroscience, 532. Waltham, MA: Elsevier. 
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Attention 
 

Anyone who has ever studied for an exam or struggled to remember the name of a new 

acquaintance knows that we do not commit all the minutiae of our everyday sensory experience to 

memory. In fact, we do not even take notice of the majority of it. With all the information coming 

at us in any given moment from all of these different sensory systems, it is crucial that we have 

mechanisms for filtering out non-essential information and focusing on those stimuli which are 

most relevant to behavior and survival. These mechanisms are incredibly elegant and subtle, and 

collectively contribute to what is known in neuroscience and psychology as attention. Attention, 

whether it is directed externally or internally, guides our selection of which stimuli and thoughts 

are most important.30 Notably, there is immense variation in this activity: “Just as they have the 

capacity to flexibly link attention to action, individuals have great flexibility as to how, why, and 

to what precisely they attend.”31 These differences are a defining feature of our individuality. 

We can attend to things in a variety of ways: for instance, we may take note of a sound 

without giving any indication that we have heard it, or we may orient our body towards it. We may 

be attending to a thought about what we are going to make for dinner later, without actually getting 

up and beginning to prepare a meal, perhaps because in that moment we are sitting in a lecture hall 

or working out at the gym. Furthermore, individuals are unique in the way that they attend to 

different things and, perhaps more suggestively, which specific stimuli and thoughts are attended 

in the first place. These tendencies, just like neural structure (because, indeed, they are themselves 

a product of neural structure) are shaped by genetics; by memories of past experiences and their 

                                                           
30 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Attention. In Fundamental 

Neuroscience, 989. Waltham, MA: Elsevier. 
31 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Attention. In Fundamental 

Neuroscience, 990. Waltham, MA: Elsevier. 
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physical manifestations encoded in the synaptic structure of our brains; and by cultural and social 

mores as well as smaller-scale sociological factors like our immediate family or the neighborhood 

in which we live; the schools we attend; and extracurricular activities we participate in. Attention 

and choices, both conscious and unconscious, are highly revealing and allow for individuality and 

diversity to take shape. 

The mechanisms of attention depend upon the type of stimulus being attended to and the 

mode of sensation associated with that stimulus. For instance, in the case of the eye, visual 

attention is based in part upon the fact that “neurons, whose signals are limited in bandwidth, 

cannot simultaneously send signals about all the stimuli inside their receptive fields.”32 The 

receptive field for a neuron in the retina may be less than a single degree of the visual arc, but 

some are as wide as 20 degrees. Those neurons must be more selective in what they attend to 

because so many more stimuli are within their domain. Ultimately, the result of these mechanisms 

of attention is an increase in neuronal firing rates associated with response to the attended stimulus, 

meaning the brain is getting more and clearer information about the attended stimulus than other 

stimuli in the environment.33 In Kurzweil’s view, this is a handicap that a technologically enhanced 

brain would not have to suffer: with the infinite processing power of a computer, there would be 

no need to sacrifice breadth for depth. However, removing limits on attention in this way would 

override and undermine the unique structure of the human brain, and be catastrophic for the notion 

of individuality. The subtle differences in mechanisms of perception, which translate to 

biochemical distinctions, are a fundamental part of the way we experience the world as humans. It 

follows that with a computer-like brain, which could process huge amounts of information 

                                                           
32 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Attention. In Fundamental 

Neuroscience, 1002. Waltham, MA: Elsevier. 
33 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Attention. In Fundamental 

Neuroscience, 998. Waltham, MA: Elsevier. 
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simultaneously and has no need for these attention-recruiting mechanisms because it can pay equal 

attention to everything, we would have a shallow connection with the world around us. We could 

not adequately recognize or appreciate those unities and their fundamental essences. To consider 

why this is the case, let us turn to Heidegger’s philosophy about the freedom, space, and boundaries 

needed for essences to emerge. 

Heidegger says that the essence of truth is freedom. Things require space to grow into their 

essences and be what they are, as they are.34 If we think in terms of a more metaphorical space, 

this may be applied to the space needed for the development of an individual. The utility of such 

a space lies in its being intentionally opened and concretely defined. In Poetically Man Dwells, 

Heidegger speaks of the sky and uses it as the background against which all the world’s phenomena 

appear, the bounded space into within which the world may unfurl into no more and no less than 

exactly what it is. Most significantly, Heidegger shows us here that the limits of the space are at 

least as important as the space itself, because they define its own essence and allow it to exist. If 

the space cannot exist, nothing else can exist within it.  

Consider a seed: it is an illustrative metaphor because it cannot grow with no space at all, 

nor would it not thrive if it were simply suspended in midair with all the space in the world to 

grow. It must be carefully tucked into the soil and, in some cases, guided by a wall, a cage, or a 

trellis. The boundaries on its space for being are particular to its essence and allow it to realize its 

full potential. To remove the limits on ‘hard drive space’ as Kurzweil imagines, the brain would 

no longer require mechanisms for selective attention. Everything could be fully attended to at all 

times. But these limits on attention are precisely what define the space we have as persons and 

allow us to develop into our diverse, individual essences. If an intentional opening towards those 

                                                           
34 Heidegger, Martin. 2008. Basic writings, ed. D. F. Krell. Harper Perennial Modern Classics. 



Beekly 20 
 

things which are most salient to us defines the individuality of our human experience, then to take 

the limits away dehumanizes thought by eliminating the potential for individuality. With universal 

access to all adumbrations of a scenario, everyone will always and inevitably come to the same 

conclusion. In the end, we are left with perfect homogeneity and pure, senseless facts. 
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Memory: Short Term Potentiation 
 

While sensation and attention are fairly efficient within a physiological context, retrieval 

of stored information can be cumbersome. Improving neural connections increases the efficiency 

of recall and implementation of information—what neuroscientists call potentiation and what we 

commonly think of as learning. Short- and long-term potentiation are fundamentally different 

processes, though short-term potentiation can progress into long-term potentiation. In short-term 

potentiation, interneurons release modulatory neurotransmitters like serotonin, transiently 

regulating the strength of the connections between sensory neurons and postsynaptic interneurons 

as well as efferent motor neurons. This process is known as heterosynaptic facilitation and it 

affects membrane ion channel permeability and consequently neuronal excitability, broadening 

and increasing the frequency of action potentials and facilitating the release of more 

neurotransmitters.35 Importantly, the effects of heterosynaptic facilitation are only as long-lived as 

the signaling cascade itself. More permanent change requires the synthesis of new proteins, which 

comes with long term sensitization, and this requires repeated stimulation to induce more 

permanent changes in ion channels and neuronal excitability.36  

Synaptic plasticity is the technical term referring to this changeability of neuronal circuits 

and the dynamic nature of the nervous system. Synaptic plasticity is strongly implicated in learning 

and long-term memory in vertebrate organisms. Such synaptic changes are termed long-term 

potentiation (LTP) and it is believed that there are many different physiological pathways by which 

they occur. LTP is also influenced by preexisting structure within the brain, which is in turn unique 

                                                           
35 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Behavioral and Cognitive 

Neuroscience. In Fundamental Neuroscience, 1011. Waltham, MA: Elsevier. 
36 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Behavioral and Cognitive 

Neuroscience. In Fundamental Neuroscience, 1013. Waltham, MA: Elsevier. 



Beekly 22 
 

to each individual and is derived from their genetics, past experiences, etc. Generally, all of these 

mechanisms lead to significant and persistent enhancement of synaptic strength, meaning that the 

information stored in the synapse—whether it is a memory of an experience, a mathematical 

formula, a quote from a favorite book, etc.—is made more readily and immediately accessible. 

This is the biological process that underlies learning and memory. 

Norwegian scientists Per Anderson and Terje Lømo discovered LTP in the early 1970s 

when they observed that repetitive stimulation of axonal inputs appeared to lead to an increase 

over time in neuronal firing and a period of increased excitability that endured even after 

stimulation had ceased.37 Electrical signaling in neurons can be observed in vivo or in vitro by 

measuring the voltage across cell membranes or the current associated with changes in membrane 

conductance, a technique called electrophysiology. Anderson and Lømo’s electrophysiological 

recordings in anesthetized rabbits led them to the critical realization that, after cells received 

multiple series of 120 electrical impulses in rapid succession, showed that “the second and third 

populations spikes in each discharge appeared earlier and earlier in the train” and “the amplitude 

of the monosynaptic first spike increased rapidly to a new maintained potentiated level, while its 

latency decreased progressively to a new and apparently stable low level.” with each successive 

series of impulses.38 (See Figure 3.) Latent time is the delay from the onset of a stimulus to the 

induction of a response. What all of this boils down to is that the repeated exposure of the cells to 

the stimulus made subsequent responses to the stimulus more efficient, and, most importantly, 

these effects were retained even after the stimulus had ceased with periods of rest in between. This 

was the first hint that this type of sensitization of neural circuits might be involved in the 

                                                           
37 Lømo, Terje. 2003. The discovery of long-term potentiation. Philosophical Transactions of the Royal Society B: 

Biological Sciences 358 (1432) (04/29): 617-20, http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1693150/. 
38 Ibid. 
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biochemical basis for learning and memory: some sort of interplay between these processes and 

the plasticity of neuronal circuits could explain the changes that enable learning to occur. 

Figure 3. Figure from Anderson and Lømo’s original experiments. The spikes or humps in part (a) denote 

action potential firing, each one representing a 10 second period of stimulation. Part (b) illustrates the 

gradual decrease in lag time--how long it takes the neuron to react to the stimulus--and (c) shows both the 

gradual decrease in latent period (length of time between action potentials fired by the same neuron during 

the same period of stimulation) as well as the progressive increase in amplitude of the signals being fired 

by the neuron.39  

 

 

                                                           
39 Lømo, Terje. 2003. The discovery of long-term potentiation. Philosophical Transactions of the Royal Society B: 

Biological Sciences 358 (1432) (04/29): 617-20, http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1693150/. 
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There is still much to be learned about the cellular and molecular basis for learning and 

memory, but since memory is linked to our experience and thus irretrievably tied up in our 

individuality and sense of self, we have a profound investment in understanding the neuroscience 

of memory formation. An incredible amount of research has been done on the intricacies of LTP 

since the days of Anderson and Lømo. The most certain statement that can be made about LTP is 

that it is unlikely to be governed by one universal mechanism; the way that learning and memory 

are translated into changes at the physiological level are probably as varied as the kinds of 

information that we acquire. Most seem to involve alterations to membrane channels and be 

associated with a complex signaling cascade of proteins and secondary messengers.40 Secondary 

messengers are small molecules that facilitate intracellular communication of information received 

from hormones.  

Two of the most common secondary messengers are cyclic adenosine monophosphate 

(cAMP) and Ca2+.41 cAMP exerts its effects through the activation of protein kinases, a group of 

enzymes that catalyze protein phosphorylation (the addition of a phosphate group, PO4
3-).42 Such 

chains of intercellular events, known as signaling cascades, which end in activation or inactivation 

of processes via changes in phosphorylation state, are a ubiquitous theme in biochemical pathways. 

Protein kinases are themselves phosphorylated by cAMP to become enzymatically active. cAMP 

is synthesized by an enzyme called adenylate cyclase, the activity of which is in turn affected by 

a vast range of hormones. Thus, these hormones can initiate the synthesis of cAMP. cAMP then 

                                                           
40 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Behavioral and Cognitive 

Neuroscience. In Fundamental Neuroscience, 1009. Waltham, MA: Elsevier. 
41 Voet, Donald, Judith G. Voet, and Charlotte W. Pratt. 2002. Glycogen Metabolism and Gluconeogenesis. 

In Fundamentals of Biochemistry, eds. Hilary Newman, Sigmund Malinowski. Upgrade ed., 450. John Wiley & 

Sons, Inc. 
42 De Robertis, E. D. P., and E. M. F. De Robertis Jr. 1987. Molecular Organization of the Cell. In Cell and 

Molecular Biology. 8th ed., 61-62. Philadelphia, PA: Lea & Febiger. 
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finds protein kinases, which in their inactive state consist of two subunits: a regulatory subunit and 

a catalytic subunit. The regulatory subunit can be phosphorylated by cAMP, causing a 

conformational change in the protein’s structure that detaches the two subunits. The free catalytic 

subunit can now break off and phosphorylate other proteins.  

The most widely accepted theory regarding the induction of LTP is that it begins with 

cAMP-dependent phosphorylation and consequent activation of N-methyl-D-aspartate (NMDA) 

receptors, which are a type of glutamate receptor and ion channel protein found in nerve cells.43 

Glutamate, a nonessential amino acid (meaning it can be synthesized in the body, though this is 

supplemented by dietary protein consumption), is the most abundant and important excitatory 

neurotransmitter in the central nervous system.44 Blocking NMDA glutamate receptors with 

aminophosphonovaleric acid (AP5), an NMDA receptor antagonist, has been shown to impair the 

induction of LTP and performance of memory-related tasks, which is the reasoning behind their 

hypothesized role in LTP.45 NMDA receptors open when they associate with a molecule of 

glutamate, allowing an influx of Ca2+.46 As aforementioned, Ca2+ is another important secondary 

messenger, though its mechanism is less direct than that of cAMP. A family of proteins called 

calcium binding proteins undergo conformational changes when they bind Ca2+ and then interact 

with other proteins and enzymes in turn to modify their activity.47  

                                                           
43 Baudry, Michel, Guoqi Zhu, Yan Liu, Yubin Wang, Victor Briz, and Xiaoning Bi. 2014. Multiple cellular 

cascades participate in long-term potentiation and in hippocampus-dependent learning. Brain Research 1621 

(12/04): 73-81, http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532652/. 
44 Purves, D., G. J. Augustine, and D. Fitzpatrick. 2001. Glutamate. In Neuroscience. 2nd ed. Sunderland, MA: 

Sinauer Associates. 
45 Morris, R. G. M., E. Anderson, G. S. Lynch, and M. Baudry. 1986. Selective impairment of learning and blockade 

of long-term potentiation by an N-methyl-D-aspartate receptor antagonist, AP5. Nature 319 (6056) (02/27): 774-

6, http://dx.doi.org/10.1038/319774a0. 
46 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Neurotransmitter Receptors. 

In Fundamental Neuroscience, 174. Waltham, MA: Elsevier. 
47 De Robertis, E. D. P., and E. M. F. De Robertis Jr. 1987. Molecular Organization of the Cell. In Cell and 

Molecular Biology. 8th ed., 61-62. Philadelphia, PA: Lea & Febiger. 
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Furthermore, studies have shown that a calcium binding protein called calmodulin-

dependent protein kinase II (CamKII) is directly activated by high-frequency stimulation and in 

turn is capable of phosphorylating and activating NMDA receptors.48 This is of particular 

relevance to my own project insofar as it suggests a role for repeated stimulation events in memory 

formation, further supporting an argument for the importance of the temporal element of learning 

in building proper neural circuitry. A similar mechanism involves calpain, another calcium-

dependent protease (enzyme that breaks down proteins). Here, too, repeated stimulation is key: 

repeated neuronal depolarization elevates local calcium levels (recall the details of concentration 

gradients involved in the action potential) and this in turn activates calpain, somehow increasing 

the number of post-synaptic glutamate receptors, thereby strengthening and sensitizing the 

synapse. There is also evidence to suggest that inhibiting calpain, just like inhibiting NMDA 

receptors, can prevent LTP from occurring.49 

Interestingly, there is significant overlap between the different mechanisms: many share 

key molecules, and important molecules of one pathway might be metabolized into an important 

molecule of another as well. This means that the different pathways to memory formation are 

probably not necessarily independent, and certainly are not mutually exclusive. Different 

combinations of events could be associated with subtly different kinds of learning. As 

neuroscientist Michel Baudry notes,  

What has emerged over the years is the idea that multiple intracellular cascades are 

activated by various patterns of electrical activity, resulting in long-lasting 

                                                           
48 Fukunaga, Kohji, Luc Stoppini, Eishichi Miyamoto, and Dominique Muller. 1992. Long-term potentiation is 

associated with an increased activity of Ca2+/Calmodulin-dependent protein kinase 11”. The Journal of Biological 

Chemistry 268 (11): 7863-7867. 
49 Baudry, Michel, Guoqi Zhu, Yan Liu, Yubin Wang, Victor Briz, and Xiaoning Bi. 2014. Multiple cellular 

cascades participate in long-term potentiation and in hippocampus-dependent learning. Brain Research 1621 

(12/04): 73-81, http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4532652/. 
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enhancement of synaptic transmission at glutamatergic synapses, and that different 

parameters of the stimulus used to induce LTP (frequency, intensity, pattern) result 

in the activation of different intracellular cascades. Accordingly, there are probably 

several forms of LTP, some of them co-existing in the same synapses and some of 

them occurring in different synapses and possibly brain regions.50 

Compiling this information with imaging data from Alpert et al. points to a critical role for 

the small temporal differences in information acquisition and storage across the different 

sensory modalities. Their studies showed that latent period can vary not just by brain region 

but even by voxel (unit of resolution in fMRI, comparable to a pixel) upon exposure to 

simultaneous audio-visual stimulation events. This essentially means that multimodal 

events induce a predictable sequence of neuronal activations from one brain region to 

another even when the stimuli occur simultaneously, suggesting that there is some sort of 

temporal hierarchy to the different elements of those stimuli. If we transitioned to 

processing all stimuli in the same electronic ‘language,’ so to speak, and therefore all 

signaling occurred at the same speed, it seems that this would fundamentally change 

something about the way we understand the significance of information that enters our 

consciousness. 
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Memory: Long-Term Potentiation 
 

Secondary messengers are not only needed for induction of LTP; they also facilitate the 

persistence of memories. Maintenance of LTP appears to involve an upregulation of α-amino-3-

hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptors as well as changes in dendritic 

spine structure. AMPA receptors are another type of glutamate receptor which mediate fast 

synaptic transmission in the central nervous system.51 Dendritic spines are small membranous 

protrusions on the dendrites of a neuron that are the primary points of synapse for some neurons, 

while other neurons do not have them at all. 52 Polymerization of actin filaments, a component of 

the cytoskeleton (structural framework of the cell), give rise to these appendages.53 How exactly 

AMPA upregulation and dendritic spine remodeling are linked to NMDA activation and other 

modes of LTP induction remains uncertain and is an area of active research.  

This should sufficiently validate the claim that mere efficiency is by no means the only 

priority when it comes to memory enhancement. Theoretically, the processing power of a computer 

could enable limitless ‘cross talk’ between LTP pathways, but this would not necessarily be a good 

thing. It could lead to excessive association of stimuli which are somehow perceptually related, 

but not actually pertinent to each other. Such technology would undermine the mechanisms in 

place to ensure that relevant things are interpreted as such. I believe this would inhibit our 

experience of the essences of things by making the signal-to-background ratio too small to discern 

individual unities. Another way of thinking about it is to consider that 100% efficiency leaves no 

                                                           
51 Purves, D., G. J. Augustine, and D. Fitzpatrick. 2001. Glutamate. In Neuroscience. 2nd ed. Sunderland, MA: 

Sinauer Associates. 
52 Squire, L. R., Berg, D., Bloom, F. E., du Lac, S., Ghosh, A., Spitzer, N.C. 2013. Information Processing in 

Dendrites and Spines. In Fundamental Neuroscience, 251. Waltham, MA: Elsevier. 
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room for the complex interplay in the timing of these events. If delays or differences on the order 

of fractions of seconds are essential to the processing and storing of nuanced information, forgoing 

this for a more computer-like optimization of efficiency could have unforeseen consequences on 

our ability to encounter truths in a meaningful way.  
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Cross-Modal Integration 
 

Practically speaking, truths are encountered and understood by engaging with them 

repeatedly and/or with a variety of different senses. The basis for this assertion goes back to the 

mechanisms of LTP. This should come as no surprise: we now know that synapses are strengthened 

by repeated stimulation, and that depending on the type of stimulation, those strengthening 

processes can be slightly different. It stands to reason that accruing a variety of synaptic 

enhancements would lead to longer-lasting, more efficient LTP, perhaps what we would call 

‘deeper understanding’ of the essence of the concept. This can be likened to the use of horizontal 

support beams under a structure like a bridge: they make the bridge sturdier than it would be with 

vertical pilings alone. Consider the Pythagorean theorem, which states that, in a right triangle, the 

sum of the two squared perpendicular side lengths is equal to the squared length of the 

hypoteneuse. The theorem truly begins to make sense when a child physically manipulates paper, 

scissors, ruler, stencil, compass, etc. in order to prove it to him or herself. We find this to be true 

when learning a language, as well: when we write a word out, listen to it spoken, practice 

pronouncing it ourselves, and read and write example sentences with it, the word is much more 

likely to “stick” in our minds than if we simply read it in a dictionary, because utilizing multiple 

senses in order to enhance synaptic strength in a variety of different ways is more effective than 

using just one.  

Classical views of sensory perception have seen the different sensory modalities as 

separate, independent systems. Increasingly, cognitive neuroscience and imaging studies are 
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providing evidence to the contrary.54,55 Neural tracing, single-cell recordings, and neuroimaging 

reveal the presence of multisensory convergence zones, mostly in deep subcortical regions, that 

receive afferent outputs from multiple sensory modalities. More recent research suggests that the 

degree of sensory mixing that goes on in the brain extends even beyond those regions: functional 

imaging studies show that regions traditionally considered unimodal can exhibit changes in neural 

activity, decreased lag times from stimulus to neural response, and reduced latency even when 

they are completely unassociated with the modality of the stimulus.56 This is referred to as cross 

modal integration, or sometimes cross modal interplay.57  

Whether these effects are responses to the physical qualities of specific stimulus modalities 

or to nonspecific sensory stimulation has been a contentious subject. It is established knowledge 

that the brain contains bimodal neurons, which very clearly receive inputs and respond to stimuli 

from multiple modalities, but others, termed modulated neurons or subthreshold neurons, seem to 

respond to stimuli from only one modality, although their response may be modified by inputs 

from a different modality which has no effect on these neurons if presented without a stimulus 

from the primary modality. This has led some neuroscientists to question whether these neurons 

could, for instance, simply be sensitive to heightened arousal in the brain.58 Elegant 

                                                           
54 Benefits of Multisensory Learning. Ladan Shams and Aaron R. Seitz. Trends in Cognitive Sciences vol. 12 no 11, 

p 411-417. 2008. 
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56 Shimojo, Shinsuke and Ladan Shams. 2001. "Sensory Modalities are Not Separate Modalities: Plasticity and 

Interactions." Current Opinion in Neurobiology 11: 505. 
57 Driver, Jon and Toemme Noesselt. 2008. "Multisensory Interplay Reveals Crossmodal Influences on ‘Sensory-
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experimentation at the behavioral, biochemical, and electrophysiological level provide compelling 

insight into this problem and suggest that there is more to this modulation than mere excitation. 

Some of the best-studied and most convincing examples of cross-modal integration come 

from research on cross-modal plasticity, or the ability of other senses to compensate when one 

sensory modality is compromised. Environmental changes and disruptions of sensory systems, 

whether on the central or peripheral end of sensation, can result in the recruitment of other brain 

areas to refine and enhance the efficiency of the remaining functional systems. Physical removal 

of regions of the brain that process auditory and somatosensory information (central disruption) 

results in ectopic retinal neuron growth into the damaged areas.59 Clinical studies in humans have 

also shown that early-life sensory deprivation in one modality (peripheral disruption) allows the 

cortical region typically devoted to the neglected modality to be used by a different one: for 

instance, specifically disrupting the occipital region of the brain (normally the visual cortex) of 

blind individuals with transcranial electromagnetic stimulation while the subjects read Braille 

impaired their ability to concentrate. While Braille obviously involves tactile sensation, the 

disruption to the occipital region affected the subjects’ ability to read, demonstrating that in the 

absence of visual information, the visual cortex was reassigned to contribute to other sensory 

modalities.60  

Functional neuroimaging/BOLD (Blood Oxygen Level Dynamics—blood oxygen levels 

being a proxy for brain activity) point to multisensory interactions as an inherent component of 

functional brain organization on a macro level, as activation can be seen in areas that are not being 
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directly stimulated.61 Finally, electrophysiological recordings also suggest modality-specific 

modulatory effects. For example, auditory stimuli accompanied by some sort of somatosensory 

input are more likely to bring neuron membrane potential to threshold and thus recruit attention, 

whereas those which occur on their own or with some other types of stimuli are more likely to be 

ignored. As reported in Neuron, C.E. Schroeder observed that “somatosensory inputs appear to 

reset the phase of ongoing neuronal oscillations, so that accompanying auditory inputs arrive 

during an ideal, high excitability phase, and produce amplified neuronal responses.” Responses to 

auditory inputs arriving during a low-excitability phase tend to be suppressed.62 This phenomenon 

results in amplification of signaling via what are called phase-locked oscillations. When this 

occurs, stimuli which may not independently be sufficient to induce an action potential combine 

additively, increasing the likelihood of the neuron firing. 

Figure 4. Sensory inputs from one modality can reset the phase of ongoing tonic neuronal oscillations, so 

that accompanying inputs arrive during an ideal, high excitability phase, producing an effect which can be 

equated to constructive interference. Compare to destructive interference, which illustrates how out-of-

phase waves combine to perfectly cancel each other out.63 
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These data are complimented by some fascinating phenomena already described by 

psychology. Synesthesia is a condition in which stimuli induce involuntary conscious sensations 

in a different sensory modality—for instance, pitches could be ‘heard’ as shapes, or words might 

take on a particular color.64 And even in normal individuals, there are a variety of ways in which 

the brain’s capacity for cross modal integration can be ‘hacked.’ In what is known as the McGurk 

effect, sounds tend to be perceived differently if a subject hears them dubbed over a video of 

someone making a different sound (for example, a ‘ba’ sound is often perceived as ‘da’ instead if 

coupled with a visual lip movement associated with ‘ga’).65 Another phenomenon, referred to as 

auditory driving, involves the “misperception of visual events as having the same temporal 

frequency as apparently related auditory events,” and, similarly, spatial ventriloquism is described 

as “mislocation of sounds toward temporally correlated but displaced visual events.”66  

Evolutionarily speaking, it makes sense that cross-modal integration would be crucial to 

neural development and function, for reasons that are well-summarized by the following excerpt 

from Shams and Seitz:  

 

…the human brain has evolved to learn and operate in natural environments in 

which behavior is often guided by information integrated across multiple sensory 

modalities. Multisensory interactions are ubiquitous in the nervous system and 

occur at early stages of perceptual processing. Therefore, unisensory-training 

protocols…provide unnatural settings and do not tap into multisensory learning 

mechanisms.67 
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Forcing the brain to learn via unisensory training is unnatural, inhibiting its ability to acquire new 

information, and by extension may diminish our experience of things’ essences by disrupting the 

development of attention mechanisms. Termed the intersensory redundancy hypothesis, this 

theory is based on the fact that “information presented redundantly and in temporal synchrony 

across two sense modalities selectively recruits attention and facilitates perceptual differentiation 

more effectively than does the same information presented unimodally.”68 Taking in information 

in a variety of different ways, strengthening its impact by literally strengthening the brain’s 

synapses, enables human infants to “parse, perceive, and derive meaning from the flux of 

multimodal stimulation in a manner that lays a foundation for the perceptual world of the adult.”69  

Why is this important? It signifies a victory for phenomenology and demands that we 

question the implications of Kurzweil’s transhumanist ideal: if humans’ first perceptions of the 

world are based on the detection of meaningful, multimodal events as unities, it follows that 

perhaps we may make a case for the fundamentally unitary essence of the world we inhabit. If we 

return once more to our earlier diagram, 

   I                                                                 World 

                                                                   Perceive 

we realize that the perceiving, which is ontologically prior to both subject and object and enables 

them to come into contact with each other, is inevitably a perception of unities, hinting that unity 

lies at the heart of the true essence of things. We can take this further now with our knowledge of 
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sensory integration, and show that ‘perception,’ rather than occurring one sense at a time, is 

actually an amalgamation of the available senses, and our connection to objects is deepened by 

incorporating more sensory modalities. 

 

   I                                                                 World 

                                                                    

 

        

 

 

There are still competing views regarding sensory overlap’s role in learning and memory. 

At its core, the mechanistic details are most likely to be elucidated by further examination of the 

way information is encoded in the first place.70 Neuronal models based on PET imaging predict 

that the retrieval of event information reactivates those areas of the brain which were active during 

encoding, and indeed, when images are paired with sounds, recalling the images activates both 

auditory and visual cortices of the brain. This supports classical theories about reintegration, or 

“the power of a part of an encoded stimulus complex to evoke the whole experience.”71 Learning 

with multiple senses enables us to cast our net wider, so to speak, allowing for a greater range of 

cues to facilitate recall. This is also why we have an easier time retrieving memories if we are in 

                                                           
70 Benefits of Multisensory Learning. Ladan Shams and Aaron R. Seitz. Trends in Cognitive Sciences vol. 12 no 11, 

p 411-417. 2008.  
71 Nyberg, Lars, Reza Habib, Anthony R. McIntosh, and Endel Tulving. 2000. "Reactivation of Encoding-Related 

Brain Activity during Memory Retrieval." Proceedings of the National Academy of Sciences of the United States of 

America 97 (20): 11120-11124. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC27158/. 
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the same context or environment that they were encoded in: we are surrounded by small triggers 

which the brain can use to help access the important piece of information. 

Husserl’s theories about the sedimentation of knowledge are extremely resonant here. 

Sedimentation, discussed in Husserl’s Origins of Geometry, is the notion that learning can become 

buried or ‘sedimented’ when we abstract symbolic representations of concepts, alienating us from 

truth. Abstractions can be used to obtain facts, but if we rely on them entirely without making 

contact with the essences of things, such abstractions conceal the truth of the concepts from us. 

This is perhaps best illustrated by returning to the Pythagorean theorem: anyone can use the 

formula a2 + b2 = c2 to correctly calculate the length of the third side of a right triangle when the 

first two are given. However, such a use of the formula alienates the user from the original, more 

experiential truth of encountering the theorem for oneself, for instance, by cutting rectangles out 

of paper or simply measuring the side lengths of various right triangles and searching for patterns 

so that its truth can appear in person. 

The phenomenon of reintegration directly supports Husserl’s strategies for combating 

isolation from truths by reactivating them with lived experiences. 

…what is passively awakened can be transformed back, so to speak, into the 

corresponding activity: this is the capacity for reactivation that belongs originally 

to every human being as a speaking being. Accordingly, then, the writing-down 

effects a transformation of the original mode of being of the meaning-structure, 

[e.g.,] within the geometrical sphere of self-evidence, of the geometrical structure 

which is put into words. It becomes sedimented, so to speak. But the reader can 

make it self-evident again, can reactivate the self-evidence. There is a distinction, 

then, between passively understanding the expression and making it self-evident by 

reactivating its meaning [emphasis added].”72  

                                                           
72 Husserl, Edmund. 1936. The Origin of Geometry. In Crisis of the European Sciences and Transcendental 

Phenomenology. Chicago: Northwestern University Press. 
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The impact of the truth comes from this reactivation, which requires an intentional searching and 

an opening-towards that invites the essence of the truth to make itself known.  

Yet again, there also seems to be something crucial in the temporality of this process, 

illustrated by the fact that long-term practice of a skill or repetition of facts and their applications 

also improve our memory and understanding (in order words, further enhance synaptic strength). 

On the other hand, repeated study or practice sessions over an extended period enable us to retain 

that information for a much longer time. But why rely on metaphor and anecdote for support when 

there is so much scientific evidence at hand? Exhaustive psychological research has been 

conducted on the role of distributed practice in the optimization of learning and memory, and it 

has been proven to have a wide range of benefits. This is applicable regardless of whether the task 

at hand involves simple memorization, motor skill acquisition, or other, more complex materials.73 

Indeed, a meta-analysis of distributed practice in verbal recall tasks found that spaced learning 

episodes are more effective than consecutive presentations of information.74 

 

 

 

Conclusions 
 

Thus far, I have concentrated on the way the Singularity would affect individual 

experiences and the way individual subjects interact with objects in the world. As promised in the 

                                                           
73 Benjamin, Aaron S., and Jonathan Tullis. 2010. What makes distributed practice effective? Cognitive 
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Preface, I will now turn to some larger-scale questions about how this technology could act upon 

society at large.  

From a practical standpoint, the implementation of a technology like this presents an array 

of logistical challenges. How would it be made accessible to everyone around the world, especially 

at the same time? It seems impossible. Thus, inevitably, some people would remain organic while 

others possessed the human brain 2.0, paving the way for a drastic stratification of our global 

society that blows the current scope of socioeconomic inequality out of the water. Who has access 

to the technology of the Singularity could be a new way of enforcing established power dynamics 

and discrimination. On the flip side, making such an invasive modification compulsory is 

obviously unethical. But what would happen to dissenters? They could have the best of intentions, 

but they would inevitably wind up being trampled by their enhanced fellow citizens.  

Finally, at what age would something like a neural Cloud connection be introduced? The 

organic infant brain, as has been discussed, has a lot of developing left to do even after a child is 

born. The ability to attend to relevant events in the environment and perceptually connect related 

stimuli is learned through experience--by trial and error! If they are born not needing experience 

to have access to all information, would we not end up with tiny babbling bundles of human who 

lack the neural structure to support such a network of information? Yet on the other hand, if 

children are allowed to develop organically to a certain point, how would we decide when that 

point is? And who gets to decide--the child, or the parents? Is it ethical to let someone else make 

such a decision for them? Is it ethical to allow them, in their naiveté, to make it for themselves? 

We find ourselves in quite a dilemma. 

This would be further complicated by the fact that ideas about ethics which are fundamental 

to the way we live and interact would likely become obsolete under the new paradigm. For 
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instance, as a global society, we generally value wisdom. This, in turn, simply means that we value 

experience and people who have had a lot of it. In a world where lived experience is completely 

irrelevant and disconnected from knowledge about experiences, however, wisdom as a concept 

would cease to exist. Just how far would this go? It is impossible to tell. Perhaps its impact on the 

actual reality of day to day life would be trivial. Or, conversely, it may draw us so far from lived 

experience that we would lose the ability to acknowledge the other beings that share the world 

with us in any meaningful way. Furthermore, I imagine that this irreverence for experience and 

perspective could destabilize our social structure, introducing skepticism of established systems of 

authority.  

In light of this instability, I envision potential for immense corruption and even violence. 

Integrity and morality demand a degree of consistency in our values, but the rather meta value of 

having values could begin to lose meaning because the existence of values in themselves depends 

upon the existence of varying perspectives on an issue. These perspectives are derived from 

individuals' experiences, their interpretations of those experiences, and the knowledge and 

opinions they possess as a result. They are necessarily multifaceted and depend upon a person's 

conviction that they are doing what is right. But 'right' and 'wrong' could become muddled if 

everyone has access to the same omniscient perspective. Doing 'good' could gradually give way to 

the single parameter 'optimal,' in a calculated, utilitarian sense of the word. This would be difficult 

to challenge logically, but at the same time would not necessarily line up with what our human 

experience says is ethical. Few people truly subscribe to utilitarianism on a comprehensive scale. 

  In the Crisis of the European Sciences Husserl presents the axiological problem, also 

known as the fact-value dualism: what is ‘known’ (i.e., what is backed by objective inquiry) does 

not necessarily have anything to do with values. Truth can include, but should not be limited to, 
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factual information. Our modern way of thinking restricts truth to scientific fact, and prevents us 

from considering the possibility of finding truths in values. It is precisely this sort of mindset which 

makes Kurzweil's vision for the Singularity permissible: if truths are found only in facts, there is 

no reason that a valueless computer or a human-computer hybrid cannot have the same access to 

truth as an organic human being. However, I believe that what we know about the biological basis 

for cognition should prove to us that contextual meaning and intentional significance are important 

companions for facts. They enable us to reactivate not just the factual information, but also 

whatever essential truths can be gained from them. They open a space for a system of ethics which 

takes the inherent value of things a priori and encourages practices which allow beings, including 

ourselves, to fully live into their essences. 

In On the Essence of Truth, Heidegger gives a nod to Husserl when he, affirms that truth 

is about more than correctness. In The Question Concerning Technology, he expresses more 

concerns about the ways that technology’s mode of revealing—that is to say, Gestell, or enframing, 

a type of revealing which conceals—makes truth transparent and causes us to lose sight of it. This 

is much like the Husserlian idea of sedimentation: the technological abstractions we see in our 

daily lives, such as a light being turned on by a light switch, remove us from the essence of the 

source, which in this case might be a river that is providing hydroelectric power to a city. Very 

important to my cause is the subtle but profound clarification which Heidegger has made: the very 

essence of technology is to reveal in this mode of enframing, this revealing which conceals. He 

explains this phenomenon, and its tendency to lead us astray, in the following passage: 

The essence of technology lies in enframing. Its holding sway belongs within 

destining. Since destining at any given time starts man on a way of revealing, man, 

thus under way, is continually approaching the brink of the possibility of pursuing 

and promulgating nothing but what is revealed in ordering, and of deriving all his 
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standards on this basis. Through this the other possibility is blocked—that man 

might rather be admitted sooner and ever more primally to the essence of what is 

unconcealed and to its unconcealment, in order than he might experience as his 

essence the requisite belonging to revealing.75 

As humans, when we “destine” or “order” things, we do not give them a chance to come into their 

essences and see them only for their potential instrumental value.  

Applying this to the idea of neural implants gives even more emphatic justification than 

Husserl did for the argument that such technology is dangerous. It shows that, beyond being a 

potential impairment to our own experience, such technology becomes an offense against the other 

beings that we share the world with when it encourages us not to see them. Heidegger provides a 

way of understanding a dilemma which I have faced in my research process: How can technology 

be simultaneously non-neutral or morally accountable, but also not intentional? Can anything 

lacking intentionality be held to moral standards?  

In thinking about how technology’s essence requires a subject (human, usually) in order to 

be actualized; and how human interactions with technology consistently tend to promote a certain 

mindset and manner of behavior in humans, I have come to believe we can safely say that 

technology’s essence is not in fact value neutral, although the technology alone may lack 

intentionality. It is important to acknowledge here that, in order for a phenomenological ethics to 

make sense, we must accept—as I do—that truth and goodness lie in intrinsic rather than 

instrumental value. By removing humans from essences and sedimenting information so that its 

truth becomes hidden, the technologies in question make both people and information into standing 

reserve: that is to say, we value them exclusively for what they can provide us. We should strive 

                                                           
75 Heidegger, Martin. 2008. Basic Writings, edited by D. F. Krell Harper Perennial Modern Classics. 
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to avoid this because it forces people, information, and things into a predetermined box, rather 

than opening a space for their essences to be actualized. Heidegger’s criticism of enframing for 

causing us to make the world around us, and consequently ourselves, into standing reserve compels 

us to carefully consider the ethical implications of Kurzweil’s vision for the Singularity. He leads 

us to the conclusion that what is good is what allows the fullest realization of a Being’s essence.  

An electronic-based sensory system coupled with a direct neural connection to the Cloud 

represents the furthest conceivable abstraction from organic lived experience and contact with the 

essences of things. The importance of the varied means by which we acquire information 

biologically, as well as the innate temporality of the process, is confirmed by the physiology and 

biochemistry of sensation and memory formation. The neural underpinnings of selective attention 

show us that those thoughts and stimuli which we attend to are at the foundation of what makes us 

individuals, and if we take philosophers like Husserl and Heidegger at their word, the greatest 

good is the inherent truth to be found in these essences as they are actualized. The enhanced 

intuition of direct, multilateral communication between the human brain and the Internet would 

sediment and conceal the truths of all information acquired in this way, and, more worryingly, 

disrupt the essence of the human person by removing the boundaries which enable us to be 

individuals with intentionality and essences. The ways in which neuroscience and phenomenology 

complement and confirm each other compel me to believe that this 'phenomenological ethics' is 

true, and thus, on both empirical and theoretical grounds, I find such technologies to be immoral 

and damaging. Neuroscience strongly supports a phenomenological understanding of cognition, 

and phenomenology condemns this Kurzweilian brand of transhumanism for making individuals, 

knowledge, and the world into standing reserve. When we fail to make contact with the world, can 

we ever truly know, honor, or respect the essences of the beings we share it with? Can we as 
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individuals ever grow into being 'what we are, as we are'? Can such a society be a moral, stable 

society? I am inclined to say no. So many years before scientists and philosophers started asking 

these kinds of questions, Thoreau was precociously articulating the most disturbing side effect of 

technologies like this one: they stop us from actively, intentionally waking up and being present 

and aware in the world. 

Only that day dawns to which we are awake.  

But does the Cloud ever sleep? 
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