


The purpose of this paper was to investigate the
use of the electroencephalographic occipital alpha wave
for optometric analysis. Exploration of the theory and
relevant literature was combined with firsthand recording
and anslysis of the alpha wave.

THEQORY ¢

There are millions of nerve cells making up the

occipital coriex for the purpose of visual analysis.

The neurological activity of one single neuron would

seem impossible to measure from scalp electrodes, When
scalp electrodes are used the activity detected is the
summed electrical potential difference change of thousands
if not millions of neurons discharging simultaneously.

The more neurons that discharge at the sanms time the .~
higher the voltage is for the scalp electrodes. If the
cells were to be firing but in a completely random fashion
then the potential difference as noted by scalp electirodes
would be 2 constant with no wave features. Waveforms are
generated i neural colls fire in some type of non-random
harmony.

When electrodes are attached to the scalp with a
bipolar arrangement the potential differernce is measured
between the two pointse. A third eleetrode should be attached
at an earlobe or on the forehead to act as a ground,

The ground-lead helps the recording deviee to ignore
"noise" +hat deesn't originate from in belween the two
electrodes. .

rlacement of the electrodes depends upon the
physical areas of the brain that are to be recorded., With
certain types of electroencephalography as many as 16 or
32 elecirodes may be used in order to evaluate the fuynetion
of the i+ and then be able to locate atnormal signals

or lesions
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The electroencephalogram (EEG) uses many electrodes
for recording multiple bipolar readings and then locations
of abnormalities are determined by evaluating the matrix
of normal versus abnormal vectors. With multiple lead
recordinzs the physiograph can compare the eléctrical
potential between any two electrode lead locations and
therefore? congsider the underlying neural activity between
the two locations in question.

To test the occipital cortex the surface electrodes
need to be placed so that the occipital area underlies
the scalp area between the recording electrodes. One
method of locally recording the ocecipital area is to
place the two electrodes approximately five centimeters
to the left and right of a point 25 millimeters above the
inion. The ground can be placed on an earlobe or the
forehead.

When evaluating brainwave recordings it is very
difficult to sort out meaningful data., As Dr. Donald

8]

Secott har written "artifacts are usvally the most
obvious characteristic of the trucings.g" Various
artefact: that ean be encountered with brainwave recording

will be shown later.

Analyeis of the EEG shouldn't be over-simplified.
A1l the neural activity of the brain is summed and
recorded into the EEG. Besgides the oceipital alpha wave

at 8-17 hertz, there exists beta waves at 14-28 hertz
originsting from parietal and frontal areds. Theta waves
(L=7 herte) originate from parietal and frontal areas.

The different waves often exist in unison along with any
noise picked up from muscle activity.

When one surveys the vast amount of literature
involvins brainwaves especially the alpha wave there
exist dozens of viewpoints of how and why the brainwaves
exist @y They doe
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Often the individual researcher has expressed
specific brainwaves to fit a model as it relates to
his own speciality ihterest. Therefore when theories
of the brain are made care must be taken to realize the
multiplicity of inputs and influences to brain physiology.

Dr, William Ludlam has been a leading proponant
for the value of alpha wave research.B He believes that
the neurological-physiological changes asuociated with
visual training can be observed by means of eleetronics
and the electroencephalogram.

Dr. Ludlam believes that suppression of the
oceipital alpha wave represents attention to a visual
stimulus. In order for a person to "attend" efficiently
to a situstion he would have to suppress his alpha wave.
Iudlam used a classification system as established by
Walter to describe individual alpha responces, The "R"
(responsive) group has alpha suppression when their

" eyes are open in comparison to when thelr eyes are closed.

M

The "I (rersistant) esroup tends not to suppress the
alpha waves when their eyes were open and reportedly are
dependant more upon auditory, kinesthetic or tactile
stimuli rather than visual perception. The “M" (minus)
group has no significant alpha wave pattern and appears
heavily dependant upon visual imagery.

e

Theve are many sensory inputs to the human brain

and diffcrent methods by which the brain can cope with
these inpute. Cbviously visual and auditory inputs are
major conpenants of sensory information. There are also
inherant individual behaviors of the humin brain as
gxplained by neural pathways or psychology that determine

such things as arrousal states, information processing

and attentione
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Computer averaging allows the recording of brain
waves but excludes brain noise that is not time-~linked
to the sensory stimulus. The visual evoked responce is
the computer averaged brain responce time-linked to a
changing visual stimuluse. The visual evoked responce (VER)
is an excellent tool for evaluation of the visual
pathway but is limited in use currently to the stimulus
for brain changes originating from telévision screens
or lights being flashed, The EEG can be used to supply
information of visual processing without averaging out
the information not time~linked to the visual stimulus
and allowing for more stimulus options than a flashing
checkerboard pattern. The human alpha wave can pro#ide
information concerning the development and physiology
of the ocecipital cortex.,

DEVELOPIVENT OF THE ALPHA WAVE:

llovikova with his extensive studies of the
electroencephalogram (Blindness and the ¥lectrical Activity

of the Hrain: Electroencephalographic Studies of the

Effects of Sensory Impairment) has contributed-a_wealth
of knowledge concerning alpha wavesen With the usge’ of *

the ceniralized computer medical records within the
Soviet Union, Novikova selected hundreds of patients with

narticuiar visual anomalies. He was able to select

patients in consideration of the type and extent of
visual loss, the eticlogy of the loss and the age at
which % visual loss occurred. Electrocncephalograms

were talen of the selected patients using sophisticated
si¥%teen lead recorders, From his studier the neurological-
physiological development of the alpha wave is better
understoode

In patients congenitally blind and without
experience of visual stimulation no occipital alpha
activity was found. Novikova states that he hasn't found
oceipital alpha waves in one single casc of blindness

since birth,

=
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If the patient had normal vision up to the age

of one to three years before an onset of blindness
tal alpha wave appears within normal limits

in respect to amplitude and freguencys. Zven if the -]
vision loss occurred decades previously the alpha wave
appeared within normal limits for these subjects. The
first year anpears critical for the development of
norpal alpha activity.

Alpha wave development was found dependant upon
the extent of form vision attained during the first il

i
i
Ik

il

year of life. If only light perception wis present since
birth then oceipital alpha rhythm was rarely if ever
presert. Tor visual acuities of 20/2000 to 20/500,
oceirit=1 alpha activity was found in 38% of the subjects.
For vi: ]l #cuities of 20/400 to 20/200, oceipital alpha
raythm was found in 50% of the patients. For visual
acuities hetter than 20/200 attained witihin the first i

year of 1ife the alyha wave usnally was within normal

W

Timita, Those people that had sone degree of oceipital

alpha riethim with reduced form perception often had
decreas:s | aplitudes and fregueéncies of their alpha

"he alpha wave development of the electroencephalogram
is 2 milestone in neural development dependant upon

- - -
T

itort within the ecritiecal neriod of the first year
of post-natal 1life. Coeod visual acuity holps maximize

o] ] 3

]

1 neural developmeni. Good visual acuity was
statistically correlzted with increased <mplitudes and .
frequencies of resting alpha wave levels in a study of
hundreds o] xubject?.?
Alpha waves by definition are brain waves of the

S5RG within the frequeney range of eight to thirteen hertz.
The alpnn waves originating from the occipital cortex

of interest in relation to wision. During the first
sevaral vesrs of 1ife the brain waves thnt eventually
evolve irtc the oceipital alpha pattern only have a

fregquency o five to seven hertz.
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Az the normal infant neurologically develops the
occipital wave pattern increases in frequency from the

-

range of Tive to seven hertz to the normal range of

eight to 12 hertz. Adult occipital alpha waves usually
have a freguency of ten hertz.

Subjects blind since birth tend to develop an

alpha wave rhythm but the origin of the waves are

found to bBe from the area of Rolando's Fissure of the
central cortex. These waves from a non~ocgipital origin
. but within the frequency range of an alpha definition
are termed Rolandic Rhythms, Rolandic Rhythm is rarely
found in sighted people but is common in people without
form vision since birth, Rolandic Alpha Rhythms closely
mateh oceipital alpha rhythm in frequency and shape but
are said Lo be more spindle shaped.

Changes of Rolandic Rhythm Alpha seem maximally
sensitive to tactile and proprioceptive stimuli. As
stated, Rolandic Rhythm is rare in sighted people but
common in neople witlhiout form vision and therefore could
be a neural adaptation or alternate development pattern
for the blinde. Probably Rolandic Alpha Riythm represents

inereased utilization of the sense of Stoueh and hearing
gince the Lrain is urable to use form vision.

Wher the onset of blindness cccurs after the
eritical merind of one to three years, in most cases the
alpha wave chavacteristics were't sisnificantly different
in zmplitonde oy frequency from those waves in sighted

peonle. The neural system had drve]oped rrevious to the

less of ision ard the neuyral developmeni was reflected
by e weirital alpha waves

—subek Weber and Saunders » through a careful study
found a decrease in cecipital alpha rhythm of one to one
and a half hertz after two weeks of decrcoased wvisual

stimulation by wearing dark sunlense
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Cranit's Theory stated that retinal activity provides
neural support for cortical tone especially in the
occipital area, Hubel and Weisel anatomically examined
cat brains void of visual experience.y Those brains
without nrevious visual stimulation showed decreased il
physical development in the occipital area and that
occipital cortex development is dependant upon visual
inputs
In spveral casss of congenital onset homonymous
hemianopsias, alpha wave activity was generated from
only one side of the occipital cortex.pThe cause of the i
hemianopsias was due to a lesion just posterior to the
optic chiasme. Cne side of the occipital cortex developed
vision znd a typiecal alpha wave pattern but the other
hemisrhere deprived of wvisual input never developed an

occipital alpha wave pattern.

Lippcld” believed that the cortical alpha wave
was gencerated by the tremors of the extraocular muscles.g
It is Truae that noise from the extraccular muscles can
be recor'cd on the EECe Saceades nre recnrded ag large
jumpa. Electrdcal achivity dees originate from the firing
of the ocular muscles and the comparitively weaker signal
of the moving retinal divole which is also recorded on
the electro-oculogram (ECG). |

The alpha wave however js not strictly noise from
he E0C or exiraocular muscles because patients having
bilateral enucleation still have an alpha wave., Without
the globes there would be no EQG potential and the
extrazocular museles should be without stimuli for pursuits
ation Th

10NE .

alpha wave however ex’sts after

| i

e
bilaeteral cnucleat

Noige from the tremors of the extraoccular muscles

CTle

as found on the EEG shouldn't be confused with alpha
riiythm because the frequency of the muscle tremors is
between 30 and 70 hertz compared to the -ight to thirteen

hertz freguency of alpha waves.
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The occipital alpha wave seems to be a recording

of the physiological activity of the ocecipital neurons,

4

In order for normal .occlipital alpha activity to develop
good visual acuity is necessary during the critical

period from birth to age one to three. Cohen has argued
that alpha rhythm will develop if blindness occurs after

three months

of sight after birth.o Ocecipital alpha

waves represent a milestone of neural development for

normal brain and vision function.

ALPHA WAVE SUPPRESSION®

Cccipital alpha wave suppression has beeﬂwﬁssbéiatad

with fluctuations of neural activity but with dozens of
different and non-encompassing explanations. An attempt

will be made

to explain the significance of alpha waves

.in consideration of the vast experimentation done but

with the humility that we dén't know all the anéwérs_yet.

Studies by Novikova, show that good form visual

acuity is needed in the first several years of 1life to

' develoyr = normal resting alpha pattern. In order for alpha

wave suppression to occur there first must be the | i

developmental milestone of the wave pattern. The wave

pattern must

ean supniiess

o

There

sleep. Howeve

firasthant recordings show that the alpha wave is enhanced

first be established before neural activity
the waves,

are no occipital alpha wave patterns during
r Berger,Adrian,and Matthews as well as

with the subject's eyes being closed but not asleeps

When the eves

are closed it depends on the state of

consciouszness (asleep or awake) if the alpha wave will

be | generated.

= == Fay g i
i
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Scott found that a patient will suppress alpha
activity if conditioned to expect an imminent stimulus.g
Suppression of the alpha pattern was conditioned by i -
expectation with subtle auditory clues for a visual
stimulus following several seconds later. It follows
that the alpha wave is suppressed when the brain readies
itself %o recieve visual information.

liartinius and Hoovey found that alpha waves
were enhanced when a group of normal children performed
auditory discrimination tasks with their eyes closed.;
Perhaps this represents a shift away from visual attention
to auditory attention and therefore a resting.ofﬁ%h&
occipital cortex with resulting alpha wave enhancement.

The brain: must first have good form visual acuity
for one to three years after birth for the normal
occipital alpha pattern to form. The alpha wave then
represents a milestone of development showing that the
visual occipital cortex had reached a certain level of
visual processing physiology. Only after the occipital
alvha wave is develored can it be suppressed.

Fluctuation between alpha wave enhancement and
alpha wave suppression represents a faecility of the
occipital brain tissue from relative rest to attention.
The large alpha waves present when the mind is at 'rest
and the syes are closed reflect relative inactivity of
the wvisual processing centers. When the eyes are open
and the brain attentive the alpha wave should be

suppressed, The wave characteristics readily fluctuate
from second to second but with averaging the trends
reveal themselvese.

Llpha wave suppression doesn't necessarily reflect
the visuzl input into the occipital cortex orf the actual
neural rrocessing of the oceipital cortex. The suppression

* of the zlphz wave is probably from central cortex control.
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The alpha wave varies in respect to attention and
perception with control from central cortical areas,
perhaps the reticular activating system. Central
processes determine whether alpha waves are suppressed
or note.

This explains why researchers have correlated
. changes in alpha wave levels with hundreds of different
factors such as tactile stimuli, auditory stimuli and
the attention state. One researcherq even claims that
biofeedback techniques to induce alpha activity can
eliminate headaches, allergies, asthma, over-eating,
amoking, drinking, tension, anxiety and even improve
the sex life. But the alpha wave represents in these
varied claims only an indicator of the workings of the
more central cortex. How could visual processing cells
contribute to a drinking problem?

liany researchers have probably investigated the
alpha wave because it is the easiest brain wave to
* record. The alpha wave is usually noted as the most

powerful and dominating of the brainwaves in the conscious
state. The relatively powerful alpha wave is found to
_fluctuate in correlation with many different variables.
*Variables that affect the alpha wave includelinféiﬁ@tion
from all five senses and the attentive receptabﬁiié}'to
" the stimuli. Alpha suppression seems to be an indicator

of underlying central processes of attention and perceptior.
' Greg Walter theorized that the alpha wave represente!’
a perceptual gating mechanism.3 The gating mechanism was

to scan input and represent an analog for the psychological
process of attention.

Adrian theorized that the alpha wave actually is
the rhythmnical’discharge of resting cortical neurons.s
The alphz wave is to be present when the cortex is at rest
‘and not rescieving an input of patterned visual stimulus.

— e



- summation of Bloch's Law to be 100 millisncondsj&f 0he~

" * to summate visual stimuli over time intervals of"oné-

' en-masse caellular discharge that produces the alpha wave.
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Class set up an experimental design comparing .
ecalculation performance to alpha status.q High motivation
~and good performance was associated with & relatively I )
intense blocking of alpha waves. Inefficient blocking _ﬂ&
of alpha waves was correlated with inereased calculation i
_error. The finding that increased concentration is

correlated with alpha wave suppression is accepted in
' other literature findings.

Gaarder, Koresko and Kropfl found 2 correlation
between the phase phase of the alpha rhythm to the onset
. .of ocular saccades.3 Their conclusion was that either =
the alpha rhythm paces saceades and or %hat both saccades
and the alpha wave are paced by something else,

Callaway and Yeager found a relationship between
the phase of the alpha wave and the time intervallbefore

the visual sensory system could react to a stimulus.B j}
Kahreman and Norman found the interval of temporal N

hundred nilliseconds is also the time for a tenlhgpts =
(alpha) wave. Possibly as Walter speculated, oceipital
_alpha wave =ctivity reflects the perceptunl "gating

mechanisn." Possibly ocelpital visual neurons are able

hundred milliseconds before the ten hertz rhythmid:

kulholland, Evans and Peper have recorded the alpha

** - wave in relationship to oculomotor anctinns.B They note

that aceconmedation, vergence, fixation, pursuit and
‘saccade eye movements are found in conjunction with

alpha suporessions Their evidence suggested that attention
of the sulbject was reflected in oculomotor functions as

well as alpha wave suppressions




" be used to monitor physical stress. An awireness of
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A younz child often holds his reading material
%ery close to his eyes and uses high amounts of
accommodation and convergence. Perhaps he uses the near
visual demands to help attend to the material and at
the same time suppress the alpha wave., More research needs
" to be done but it seems that the alpha wave is an
indicator of central cortex processings.

Ludlam places great emphasis upon the occipital
alpha wave to document learning problems and visual '
training.3 He believes that with further Pesearcﬁ5§isual
training will be justified and scientifically backed
improvement in the level of alpha wavé*suppﬁéééidii”
He found learning disabled subjects to be unable to
to suppress their alpha wave activity. it

Alpha waves represent a promising avenue for
" biofeedback therapy. Like other signs such as pulse rate,
respiration rate or muscle tension, the alpha wave can

Fiy

EH

these signs can be used as a feedback tool to help
- eontrol thems

A current trend of popular psychology has
emphagized the use of meditation to enhance jhe alpha }ﬂ
waves Zen Buddism, Transcendental Meditation'aganthgr ffﬂm
- groups which teach meditation to help reduce stress e
have found that the alpha waves become enhanced.'SGﬁe

primary purpose of enhancing alpha waves, _
There is a confusion whether the alpha wave should
be supprecsed or enhanced. Meditation experts preach the
"value of alpha wave enhancement and relaxation from stress.
Educators may be more concerned that a learning disabled
student has difficulty suppressing his alpha wave. The
ideal situation appears that a person should have a degree

. of alpha facilitye
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Assuming that the alpha wave changes reflect
fluctuations in attention it is desirable that a person

‘be able to relax (alpha enhancement) or concentrate his

attention (alpha suppression); whichever is appropriate.
Alpha facility from suppression to enhancement and back

"’ again seems to be a desirable ability.

The presence of ocecipital alpha waves represents
a neurologsical milestone of development that usually
occurs one to three years after birth presuming good .
form visual acuity. The occipital alpha waves are
enhanced during periods of cortical rest and when the
eyes are closed. Alpha wave suppression usually-dcéﬁfs
when the eyes are open and moreso when attention processes
are aroused. Alpha waves represent an indicator of

+° cortical attention processes and all the different -
+ ."sensations, emotions and motivations that can influence

cortical aectivity.

LR
4
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OCEIPITAT ALPHA WAVE SUPPRESSTON: A
PURPOSE : _ il
Recordings were taken of the occipital alpha wave : ﬁj

; ins e |

to gain experience in the mechanics of measuring the éﬁ
alpha wave, to test theories stated in the literature’ '[ﬂ

and to fain insight into the physiology of the alpha

THEGRY s

The occipital alpha wave is generated from-neural
activity of the visual cortex. Good visual acuitgﬂwﬁst
be present for the first several years of post-natal
life irn ovder for occipital alpha waves to develop.
After the neurological milestone of alpha wave pa%tern
is established alpha wave suppression and enhancement
reflect &« complex relationship of cortical relaxation
versus attention. Sensory input or anticipation of;g*‘
stimuli tends to suppress alpha wave activity and reflect

central cortical processes of atltentions Alpha wave
enhancerent is found with cortical relaxation or when

the eyes, are closed,

EXPERINENTAL DESIGN:

Variables were chosen that have besn found to

‘correlate with alpha wave changes. Testing situations

so that only the variable was changed and
the other factors were constant. In each situation the
twe recovdings compared were taken one after another
with the came subjeect, instrumentation, recording
ssitivity and control factors.

The reecordings were made using bipolar techniques
on a physiograph. One electrode was placed approximately
two and 2 half centimeters laterally on each side of a
point twenty-five millimeters above the inion. The

- ground lead was placed on the earlobe.
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To analyze the wave patierns, one hundred
successive waves were recorded and measured as to
relative amplitude. A millimeter rule was used to s
measure the amplitudes, Statistical analycis was

done on a hundred consecutive amplitudes to compare
the two recordings in respect to the experimental
variable. The measuring of amplitudes is a crude
methed to analyze brain waves but hopefully shows the
subtle trends of wave characteristics.

The subject is seated comfortably. Steady Fixation.

Iinstruction to subjeet-

"Add the odd integers "Reldx." ';Q"
from one to twenty." |
mean amplitude 4.93 6.10
standard deviation 2e53 2.68

“of amplitudes

variance 6.33 7415
A 197 suppression of alpha amplitude was

found with a calenlation task.

Sitpation I1.
The subject 1s seated comfortably.
Instuetion to subject-

"Close your eyes." "Open your eyes.”

medn :-3.1’.’.:.‘1 1tude 161 1 6.?2
standard deviation L39 2.78
of amplitules

variance 19,0 7456

1

587 suppression of alpha amplitude was
“ound when the patient was told to open his

ENCESe



L (16j

Situation IIl.

The subject is seated comfortably,and a ganzfeld
stimulus is presented to both eyes.

Instruction to subject~-

“0%en eyes" "Close eyes”
observation of ganzfeld)

mean amplitude 10.8 1.0
standard deviation Byyd 3 b,16

of amplitudes
variance 2641 : 1742

A 22.5% suppression of alpha wave amplitude
was found with the eyes open and visualizing
a gansfeld,

Situation IV.

The subject is seated comfortably and the
eyes are open.

Iinstruction to subject-

"Pixate at distance" "ixate at near" (LOcm)
mean amplitude B+35 5,84 '

standard deviation 5476 8.81

" of amplitudes

variance 32.9 7649

A 30% suppression of alpha wave amplitudes
was found when the subject fivated at forty
centimeters versus Tive meters.

* CONCLUSTION:

The findings from experimentation agree with the
theories of alpha wave physiology. The alpha wave is

usually suppressed when the eyes are open. NMental concentration|
and oculomotor functions tend to suppress the alpha wave. it 1
The method of analyzing amplitudes is a crude method. -;@L
* The use «f Fourier Analysis would take amplitude, frequency |
and waveshapes into consideration. lopefully research will
eontinuse with insight and the aid of sophisticated computerized

instrumentatione.

e s
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STEADY-STATE EVOKED POTENTIAL can be elicited by a re-
petitive sensory stimulus, such as a flickering light. The upper trace
shows 2 eontinuous record of whole-brain activity (the electroenceph-
alogram, or EEG) recorded from scaip electrodes placed over the vis-
ual cortex, Powerful bursts of alpha-wave activity with a frequency
of 10 hertz (cycles per second) and an amplitude of about 5¢ micro-
volts are evident, For the first second of the recording there is no vis-
uni stimuiation; then a light starts to flicker 15,5 times per second,

o evoked potential can be detected in the EEG trace because the re-
spense is buried in the background noise. The lower trace shows the
output of a Fourier analyzer whose input was the EEG trace. When
the light siarts to flicker, the anaiyzer shows the presence of an evoked
potential. Amplitude of the deflection is about five microvolts, The
evoked potential remains approximately constant for the entire re-
cording period and is not affected by bursts of alpha activity in the
EEG. Recording was made by author at the University of London,

from reference #5
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Figure 2.2 (a) Biological artefacts. (1) Eye blink. (2) Eyelid flutter. (3)
and (4) Other eye movements. Note how (4) mimics delta activity. (5)
Bursts of muscle spikes. (6) Sweat artefact.
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Figure 2.2 (b) Non-biological artefacts

1. Fifty-cycles artefact. Note that when it ceases some cerebral activity
can be seen

2. Clip artefact. Note how it mimics sharp waves

3. Artefact produced by movement of the electrode, in this case
because it was placed near the occipital artery — the pulse artefact

4. Artefact arising because of a faulty socket in the head box

5. *Bleep’ artefact. Note the grouped ‘spikes’ at the beginning and end
of the section shown; these recur at regular intervals

6. Artefact created by ‘dirty switch’. Note that cerebral activity
returns when this has been corrected

_ _Examples of EEG artefacﬁé'from reference #8a
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