PREFACE

Humans are the only organisms on this planet who can think, read,
sing, dance, talk, and, well, do almost anything about thinking. One
of the more interesting approaches to understanding this unique aspect
of our existence is by examining how our senses work to produce our
perception of the world around us. The route from light, sound waves,
small odorant molecules, small molecules that induce taste, and other
“outer world” phenomena to what we perceive in our brains makes for®
a fascinating story about our existence in the natural world. Over the
past decade neuroscience has provided novel ways for us to look at our
senses and to make sense out of them. From innovative imaging tech-
nologies to important genome discoveries to the emergence of incredi-
bly clever cognitive psychology experiments, neurobiology has forged
a clearer understanding of what it means to see, hear, smell, touch,
maintain balance, and taste not only mechanically but also in how these
senses shape our perception of the world aesthetically, artistically, and
musically. This book is an exploration of what we know and what new
research reveals about our senses. I hope it will excite and stimulate you,

What is a sense and what is not is hard to define. Balance, for in-
stance, is considered a sense but was omitted from Aristotle’s big five
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{hearing, smelling, seeing, tasting, and touching). Only recently has it sil

been included as a sense, partly because of the proximity of the balance ca
structures of the inner ear to the auditory system, but mostly because pr
the sense of balance does after all tell our bodies something about our e
position in the outer world. Some have argued that there are as many as ' O
thirty-three discrete senses. But as we will see throughout this book, our ar
perception of the world rarely relies on a single sense, so much so that in
neuroscientist Laurence Harris has claimed, “No sense does anything th
independently and listing 33 of them may be counterproductive.” sa
Pain, or nociception, is one of the more obvious after balance that he
needs to be added to the big five. The perception of pain is an interesting pi
topic that for ethical reasons usuallv centers on whether or not animals
feel it. Some even argue that plants feel pain, but we need to discern a
1 between response and lack of response to some external stimulus in a m
neural context, versus a nonneural response when we talk about sensing W
the outer world. For plants the response is not neural in the same way gi
that our response is. Even if there is a neural response from an organism, le
we will also need to discern whether the response is indeed one of pain by
or the pain we perceive. We call it pain, because we experience anguish e
from the nociceptive receptors responding to heat, cold, or pressure. But p
it is possible that some organisms with nociception systems don’t trans- lis
late or associate the stimulus with anguish. For instance, although flies 8]
will not stick around in extremely hot environments and will respond
to heat in very interesting ways, whether they feel anguish as a ‘result i
is not known. Even fish have been thought to be resilient to connecting ol
nociception with anguish or what we call pain. Some researchers argue in
r that fish do not feel pain because they don’t have the neural real estate ic
(they have only a minimal cortex) to produce the perception of pain. W
Others are adamant that their responses to noxious stimulation are in- ri
deed indicative of pain. The moral of this nociception story is that when o
we discuss the senses and perception, we need to be aware that not all pl
the brains of organisms translate stimulus from the outer world into ¥
perception in the same way. d
Another sense that is not part of the big five is the simple perception W
of hot and cold. Flies, as | mentioned, do feel hot and cold, as do most P
other multicellular eukaryotes and even microbes. This is because the A
molecular mechanism for temperature reception in flies and humans is s
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similar. Most organisms have a failsafe mechanism for too much heat,
called heat-shock response. As part of this response, certain genes produce
proteins that are activated when extremes of temperature are encoun-
tered. These proteins help the cells cope with the raised temperature.
Other genes are present in organisms to help them cope with cold and
are referred to as antifreeze proteins. These proteins also assist the cells
in dealing with very cold temperatures. Yet, even though in these cases
the molecules of cells “perceive” hot and cold, is this perception the
same as takes place in a whole organism? Whether Organisms perceive
hot or cold depends on whether they have a brain and how that brain
processes the information.

For example, certain genes in the fly genome can be mutated so that
a fly will not perceive hot or cold. The experiment for detecting these
mutants is brutal, in that flies are placed on hot plates and observed. A
wild-type fly will skedaddle once the hot plate exceeds ten to twenty de-
grees above body temperature. Mutant flies, however, will sit until their
legs begin to fry. Similar mutants for cold tolerance in flies have also
been detected. We can infer that a fly perceives hot and cold, because a
response is generated (the skedaddle). Bacteria more than likely do not
perceive hot and cold, but their proteins do. So, there is an important
line to draw when considering perception and simple physiological re-
SpONSE.

Other senses not in the big five might include sensing time of day,
magnetic and electric fields, changes in blood pressure, and hunger, among
others. But we again need o determine whether we actually perceive these
in a neural sense or whether our cells are simply responding physiolog-
ically to some external change. Consider blood pressure, for example.
When blood pressure rises, we might or might not know it. An extreme
rise in blood pressure will trigger certain responses in our bodies that
our brains don’t outwardly recognize. More than likely the response is
physiological and preprogrammed and not perceived. In other words,
your body recognizes or senses the change in blood pressure, but you
do not always intellectualize it, nor do you often perceive it in the same
way that you perceive light hitting the retina of your eyes. So, for the
purposes of this book, | will consider these latter candidates as non-
Aristotelian senses. I will examine some of them as part of evolutionary
systems that arose as responses to environmental change, but when I dis-
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cuss perception, | will stick mostly with the big five, along with balance,
pain, and temperature.

Instead of taking the usual textbook approach of separating the five
senses and explaining them in discrete chapters, I will use six important
phenomena researchers have recognized that have a role in explaining
the senses. First, our senses have arisen as a result of the evolutionary
process, and we can learn a lot by placing our neural systems in this evo-
lutionary context. Second, although we can perceive a pretty amazing
broad swathe of our outer world quite well, human senses have limita-
tions. But other organisms sometimes have super senses that are an ex-
cellent way to describe how they work and what the limits of the range
of senses really are for humans. Third, within our species there is a great
deal of variability—there are people with super senses and diminished
senses. Supersensing and diminished-sensing humans not only provide a
great way to describe the senses but also illustrate how we use the senses
to interpret the outer world around us. Fourth, the senses of some hu-
mans have been altered because of trauma. Researchers have learned a
lot about these injury-induced anomalies, especially how they relate to
brain function. Our senses are also involved in the first steps in interpret-
ing phenomena and situations we encounter. Fifth, our senses interact
with one another to produce a coherent perception of the outer world.
The extreme of this crossmodality is synesthesia, a situation in humans
that mixes the senses so that synesthetes can taste colors and shapes, for
instance. A discussion of crossmodality illustrates how our senses and
perception work. How we perceive music, art, food, and other external
stimuli will also help us understand our senses. This sixth approach to
examining our senses illustrates how our senses communicate with one
another and how our brains accomplish higher-order functions, such as
reading or making music or producing art. In addition, how we place or
map ourselves in the context of the outer world using these higher-order
functions is an important step to understanding consciousness.

As an example, consider hallucinations. These are an anomalous aspect
of consciousness, which are incredibly intense, altered, and sense-based ex-
periences. These alterative perceptions of reality reveal new understand-
ing of how our senses work. Auditory hallucinations are particularly
fascinating and art_pftﬂn used in making a diagnosis of mental illness.
But much can be learned from studying their origin and manifestation.
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Sometimes the hallucinations can be problematic with respect to the ad-
aptation of the individual to a normal life, but for many artists and
musicians, auditory hallucinations have been a source of creativity. It is
clear that structural and developmental aspects of the brain are involved
in the phenomenon. In addition to hallucinations, culturally important
endeavors such as music, art, and reading are a gateway to understand-
ing consciousness. No two people will react to a famous work of art
in the same way, the taste and texture of food, or the interpretation of
music. The role of the senses in such variation is relevant, Furthermore,
new research reveals how crossmodalities operate in enhancing musical
ability and perhaps even appreciation of music or how vision, eye dis-
ease, and art interact to affect the creation of art.

But another reason exists for the difference in impact that a work
of art or literature or a piece of music might have on a person, and that
concerns the context within which the brain of the observer or hearer
places the work of art. Each person has a set of memories, and the im-
pulses derived from our experiences of and encounters with art, music,
and literature are then placed into context by our brains. Teasing apart
how our brains work in this dance of the senses with our experiences is
an important part of understanding our humanness. For example, new
research published in 2016 considers the important role emotion plays
in how a jazz musician composes music.

Finally, what limits do the senses have? [ conclude there are no limits
to what we will be able to sense in the future, because humans are con- X
tinually inventing methods for expanding the somewhat narrow ranges
of our evolved senses of seeing, hearing, tasting, smelling, and touching.
Focusing on the senses offers us the opportunity to delve into how we per-
ceive ourselves as a species and how we perceive the outer natural world
as conscious beings. Our senses lend to us a window into our very percep-
tion of reality and what consciousness means to us. All of our senses start
with some outside influence—a flash of light, a bit of sound or a small
molecule floating through the air, or a particle landing lightly or rushing
onto the tongue. A signal produced by the external stimulus is transferred
to the brain by nerve impulses, and in very specific regions in the brain,
the stimulus is interpreted so that we perceive something from the outer
world. Our memories then kick in, and we interpret the sensation in the
context of our existence, of our past, and of our needs and wants.
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I close with a discussion of the future of our senses and how con-
sciousness might be altered. For instance, for the past two decades or so
our visual, auditory, and tactile senses have been exposed to computer
technology that has a huge impact on our day-to-day neural processes.
Virtual reality only gets more and more real and more and more vir-
tual. In addition, brain-computer interface developments have resulted
in several technological advances for restoring hearing and sight to those
individuals who have lost or never had those senses. All these modern
advances have affected how our sense of reality and consciousness is
formulated in our brains. I therefore hope you enjoy this neural and evo-
lutionary romp through your senses!
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