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Background

How do I know where I am?

External (spatial perception) – Where am I located in relation
to the outside world?
Internal (proprioception) – How do I know where my feet are
even when I can’t see them?

Why?

My research is on navigation aids for the
visually impaired. Understanding our
non-visual senses and how we perceive our
surroundings can give key insights into how
navigation aids should be designed.
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The Somatosensory System

According to Berne and Levy, Physiology:

The somatosensory system provides information to the
central nervous system (CNS) about the state of the body
and its contact with the world.

Components:
Exteroception (skin contact, pain, heat)
Proprioception (body position, movement)
Enteroception (health monitor)



Hearing and the Vestibular System
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Proprioception

Proprioception is our ”self sense“. It lets us know where our
body parts are and how they move.
Does this sense belong to any of the traditional five senses? If
not, where does it come from?



History

Let us examine that question by looking at history.
Aristotle thought about it. He strongly believed in the five
senses.
In the 1500s, Julius Caesar Scaliger continued in Aristotle’s
footsteps.

In 1826, Charles Bell coined the term ’muscle sense‘.

Bell’s Muscle Sense
Bell’s idea was that muscles send reports
back to the brain after receiving motor
commands.
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History (2)

Also in the 1800s, German physiologists talked about a
’Muskelsinn‘.

Muskelsinn
The brain itself can produce the
proprioceptive sense based on planned
movements.



History (3)

In 1880, Henry Charlton Bastian had the idea that other things
in the body (such as joints) contributed to the proprioceptic
sense.
In 1906, Charles Scott Sherrington coined the term
proprioception.

Who is Right?

Today, the idea is that muscles are indeed
sending status reports, but there are also
receptors in joints and skin that are involved.
The brain also makes use of the motor
commands it sends to predict outcomes.
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What We Know Today

The primary proprioreceptors are likely in muscles (muscle
spindles).
Additionally, mechanoreceptors that aid proprioception are
spread throughout skin and in joints.

Evidence for Muscle Spindles as Primary
Proprioreceptors

After a joint replacement, proprioception still
works. Making muscles vibrate causes the
feeling of limb movement.



Vibrations and Skin Stretching



Muscle Spindles and Golgi Tendon Organs



Mechanoreceptors in the Skin – Touch and
Haptics
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The Somatosensory Cortex and the Sensory
Homunculus



Body Schema

The proprioreceptors let us know where our limbs are, but no
information is provided of their size.
To perceive the body properly, the brain must thus know about
its geometric properties.
This is the case, but experiments have shown that this model
is distorted. Fortunately we receive external input to correct for
this.

What about Tools?
A skilled user of a certain tool might
incorporate said tool into the body schema.
The tool does in some sense become an
extension of the body.
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Motor Organisation



Motor Function
The primary motor cortex generates voluntary neural
impulses. Has a body representation (homunculus).
The posterior parietal cortex talks to the visual, auditory and
somatosensory systems.
The premotor cortex is involved in motion planning.



The Motor Equivalence Principle

For muscle movements, writing your name in a book or on a
blackboard are very different activities, yet the signatures look
alike.
This means that act of drawing your name is not simply a
sequence of precise motor commands.



Perception Model
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Sound Localisation
We can distinguish sounds from sources separated by as little
as 1 degree.
Differences in timing (phase) and sound intensity at the two
ears contribute to this.
The ear is arranged so that different frequencies of sound
result in different nerves being stimulated.

In the Brain
As with proprioception, the primary auditory
cortex is organised based on type of
stimulus. Sounds are mapped onto the
cortex based on their frequency content.
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Spatial Perception

To perceive external space, vision is a key input.
Auditory, proprioceptive and vestibular information contribute.

Brain Plasticity
The brain can weigh inputs based on
situation. How do you unlock your front door
when it is too dark to see properly?
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Non-Visual Spatial Perception

What happens when vision is not available?
Neuroplasticity also works on a larger scale.
Auditory and haptic information are much more central.
Touch becomes the primary means of examining objects.

Experiments

Experiments with blind individuals are few in
many areas. There is evidence that spatial
training is of importance, and that blind
individuals can reach the level of sighted
people in many spatial tasks.



Non-Visual Spatial Perception

What happens when vision is not available?
Neuroplasticity also works on a larger scale.
Auditory and haptic information are much more central.
Touch becomes the primary means of examining objects.

Experiments

Experiments with blind individuals are few in
many areas. There is evidence that spatial
training is of importance, and that blind
individuals can reach the level of sighted
people in many spatial tasks.



Views on Non-visual Spatial Perception

1884 – Space is a visual phenomenon beyond comprehension
by the blind. (Lotze)

1960 – "true awareness of space can only be given by sight
and not by touch." (von Senden)
today – "[...] the blind can and do perceive and represent
space in a functionally equivalent, but qualitatively different
manner from the sighted." (Morash et al.)
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Summary

Proprioceptive and vestibular inputs enable us to balance and
know how our body moves.
Proprioception + tactile = haptic.
The brain prioritises different sources of information based on
situation and prerequisites.
For the visually impaired, haptics and audition must
compensate for the missing vision.
Thanks to neuroplasticity, we adapt to this.
A navigation aid that can work well with this adaptation (help
the brain) would likely require minimal training and might
ultimately be adopted into the body schema as a natural
extension of the body.
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