
ELECTROENCEPHALOGRAPHIC ~· TJPHA 'vlAVE 

Fruce i..t·nold 

.lanu·· r'.> ~ . 1980 



.. 
·. 

·~h ' ··urpose of this paper was to ir 1estigate the 

use of thr. p lt?ctroencephalographic occipi i.al alpha wave 

for optor.:t-tric analysis. Exploration of the theory and 

relevant literature was combined with firr;thand recording 

and ana.l :·- 1.~ vf the alpha wave . 

THEORY: 

Thcrl' are millions of nerve cells r"aking up the 

occipital cvrtex for the purpose of visuaJ analysis. 

The neurological activity of one single neuron would 

seem irr.poss i ble to measure from scalp e1ec·trodes . \'Then 

scalp electroies are used the activity detected is the 

summed c1L 't:ical potential difference change of thousands 

if not ' 1illiJns of neurons discharging sirnultaneously. 
The more neurons that discharge at the same time the 

higher Ll'. t voltage is for the scalp electrodes . If the 
cells v:c~ to be firing but in a completeJy random fashion 

thE'r i.. r.l' l'O ·.0 tial d i .... !:'ere:nce a::> noted by .>calp electroclf~~~ 

woull t't.: ~- co~!~>ta~1t w · th no ·wave f•~a turet>. .lave forms a~.·e 

gencr"J.tc~ i .... neural c lls firl~ in some tyJ.;: of non-random 
harmony. 

·.ihe n electrode': are attached to the scalp with a 
bipola1· · .:::rct!"l ::_;ement t>1e potential d ifferer ce is measured 

betwe P,., t:. r:· t:·.-.-o points. A third el•;ctrode should be att<·ched 

at an .!'. · ., c:. r: or on ::1e fore head to act a! a ground. 

The ,_). · .~1 ··-1- ·1d help~ the recordin ·, devic1 to ignore 

"noL;e " ' ' rices!1 ' t >riginate fro.t in bc t ;,recn the two 

1 c t.:me;r t. Jf the electrodr's deJ ends upon the 

physic , 1 c~l'l''t ~ of tlw hraln that arc to be recorded. Vlltll 

certain i.y !'lC'S of elec-~-.roencephalography af many as 16 or 

32 elec"'~r ·lc'<; may be used in order to evaJ uate the function 

'nd then be ::tble to lo ~.!'ltc a1 normal signal~-; 

or 1E> s i. ) 1 • 
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T;·;t:• e lectroencephalogram (EEG) use::; many electrodes 

for reco~dlng multiple bipolar readings a d then locations 

of abnormalities are determined by evaluating the matrix 

of norr:1aJ versus abnormal vectors. With multiple lead 

recordin,z.~ the physiograph can compn.r.e th"' electrical 

potential between any two elect1·ode lead l.ocations and 

the ref,,:~· con~:;ider the underlyi n{'. nrural ~tctivi ty between 

the two l~cations in question . 

:.'o te;:;t the occipital cortex the surface electrodes 

need to bn placed so that the occ1pital area underlies 

the scalp area between the recording electrodes. One 

method Of locally recording the occipital area ls to 

place the tv:o electrodes approximately five centimet<::rs 

to the 1:.- rt <.md right of a point 25 millirnoters above the 

inion. Th ,;round can be placed on an earlobe or the 

forehead • 

·;n.cn evaluating brainwave rf~cord ings it is very 

difficult tt} sort out meaningful data. A~: Dr. Donald 

Scatt i~:"l · ·i tten "a1· tifacts arn lWually t·he most 

oln•.; ULl!:" • l :·! ....: toristi c of the t, l'ilC i w~s . r." Various 

artc ~·al·:: -t.ha t can bt' eneountcr·f~d w i th br 1 i.nwave recording 

will bP ~:·,own later. 

l-t~r lysis of the EEG shoulctn • t bE' over-simplified • 

.h.ll the Jh ural activity of the bra in is s Homed and 

reco.,..clr :I i.~1to the EEC. Besides the ~1cc ipi t.a1 alpha wave 

:=tt G-: ·- rtPrt7. , there r)xistB betn waves at 1 h-28 hertz 

or~g·,,· ": · r·:: ,'rom pariPtal and f'···0ntal an;H~ . Theta waves 

U--'~ ;, .. ··.) or-iginatE' from parh~tal and f•·ontal areas. 

The ~.ll ::~ • .'12!lt waves often exiBt in unison ;1long with any 

noL:;·:- :-i.e'· d up from 11:uscle activity. 

·.:1 •1 one surveys the vast amount; of literature 

lnvolvi ;. lwainwaves especially the alpha wave there -

exist ,io ... ns of viev.,1Joints of how and why the brainwaves 

ex ist, 
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Often the indjvidual researcher ha · expressed 

speci:!'j c r'~''iinwaves to fit a :noc1Pl ar; it ·c>lates to 

his own .. _ 'c iali ty interest. ThPl'e fore wh· r. theories 

of the br-1 in are made care must "be taken -..o realize the 

multipli'"' i ty of inputs and influP-ncP.s to .•rain physiology. 

J '• '.:illiam Ludlam has been a leading proponant 

for t.!;c v·, 1 ·te of alpha wave resPa rcl· .. J He believes that 

the ne<.t'o] . ,lcal- physi ological citanges af'. r>ciated with 

visual ~1'< ·_ i ng can be observed by means f electronics 

and the e,2ctroencephalograrn. 

n~. Ludlam believes that suppressi1n of the 

occipital alpha wave represents attentjon to a visual 

stimu1 m~. In order for a person to "atten P' efficiently 

to a ,, it ·· t. ion he would have to rmppresf' ·is alpha wave. 

Ludla:':' u. (1 :-l classification system as established by 

Walter to d~scribe individual alpha responces. The "R" 

(responsivC' ) group has alpha suppression .-rhen their 

ey~s are oT)en in comparison to when their eyes are closed. 

':'ho ''I''' : · '' .::d.stant) ,·:roup tend~> not to f.: ·t··press the 

a11)!:~! ; _ _,. ·:· '•!hen the~ r eyes wt>rc open and reportedly are 

depenc~·-"It ;;,H'e upon auditory, kinesthetic or tactile 

stimuli rather than visual perception. Th: " M" (minus) 

group h3.~· no significant alpha wave pattern and appears 

heavil~· ::'pendant upon visual imagery. 

r:_>; • r.~ are many sensory inputs to the human brain 

~md d · ·· e!;.t method;· by which the brain '"'an cope with 

t.1 eG.c · r:• ~ . • C'bviow·ly visual and '1Udi tu·y inputs are 

r:.a j v?' ·tnts of ~ c•nsory infor:na t. ion. .1here are also 
::1L'2Y'~P • · :-.l ;vidual ~ •e haviors of the hun.;l 1 brain as 

t :~·)1 't: · • neural 1 athways o:r· p!:ycholoc:/ that deterrnhw 

~;uc!t ~.1 .- :t~ arrou~.a1 states, j nforma t ion processing 

and ai·tp tion • 
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Computer averaging allowR the r~,c( r.ding of brain 

waves but excludes brain noise that is net time-linked 

to the s·~nsory stimulus . The vi. sual evok>c d responce is 

the corrJputcr averaged brain rer;ponce timE:-linkeq. to a 

changing visual stimulus. The visual evo}7ed responce (VER) 

is an e}:ce llent tool for evaluation of the visual 

pathway but :is l i mited in use curJ'E'ntly to the stimulus 

for bra ~m changes originating ft·om te lev · sion screens 

or lights being flashed, The EEG can be ''Bed to supply 

informat:on of visual processing without averaging out 

the info~~ation not time-linked to the visual stimulus 

and allowing for more stimulus optJ.ons than a flashing 

checkerboard pattern . The human alpha wave can provide 

lnforl""aiiod concerning the development a(}d physiol ogy 

of the. Ol'C' .i.pi tal cortex. 

DEVEJ,O?f L'!T OF THE ALPHA WAVE& 

i:nvikova with his extensive studi~s of the 

ele~t::-otc, .erphalogram (Blindness and the 'Uectrical Activity 

of tht· :, .'<lin : ElectroencephaloB;ranhic St~dies of the 

Effect:~ o~ :>ensory Impairment) has contr 1butcd a wealth 

of knowledge concerning alpha waves . ? Vl:lth the use of · 

the c errt >·alized computer medical recordr: within the 

Sovi €·-~ ''·1io.n , Novikova selected hundred: of patients with 

Tqrti,•t ~-ir visual rvomal:ies . He was ablr to select 

pat 1 r ~ -~ l n considt-=- ·a ti on of thf' type at t'1 extent of 

vi;:;t, ~ -~ 1 0:;~,, the et1olors of the l oss a-rd the age at 

v:r,:i c1 • t · visual loc;s occurrf'd. Electro· ncephalograms 

we ~· .:> L~th':.: of the SPlected patients usL 1g sophisticated 

:~i;.: t.t•t n 1r•ad record· rs . From h:w !::tud i.e " the neurological­

phys:lol o::;tcal development of the alpha 1.vave is better 

uncle l'~- t r)Orl. o 

In pat ients congenitally blind and without 

experier:c~.· of visual stimulation no occipital alpha 

act i vi Ly •.•;:.u; found . Nov ikova stat(!n tha he hasn • t found 

occirit~.l ·1lpha wav1"'s in one :.ing1e cao' of blindness 

since oirt.h . 
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th1· ratier:t had norr.'."-:.1 v 1 "' i.nr' •1p to the age 

of.' O::"'f •") thrpe ~·E"i!'~; before ·1.·1 01 ~-et o-" blindness 

the occ< -~to.:_ alph:.:. :;ave appea ,:~· ,,,;thin ~1ornal limits 

in re~~ c-t to ampli t•.1de and frr>quo·.:ey . ZvPn if the " : 

vision !nss occurred decades previously the alpha wave 

apT'l~are-·3 · ;i thin norr:eil li rnits for these ,.>ub jects. The 

~ i "3t ~' ·Lr l"lPe>ars <"~i ti cnl fo ~· t,i1., dPvr, 1 opment of 

1 ~ ::t wave d!:··.re lop:'1ent '·'~''.. four.d 1ependant upon 

the ext::- .. t of' forT: vision att::>.ined duri.r·.g the first 

year of 1 i -rc . If only light percc ptior". w·ts present since 

birth ti1en occipital a l pha rhythin \'mS ·ra ~·ely j f ever 

presc:-- :. • -~,-.:· v i su1.l . .,_cui tics of ?0/2000 -!:o ?.0/500, 

occir: '~ "' '11' ;.,_a act~ .rit:r was fo_:n:l in ; 0 ·~ of the subjects. 

;."'or vi · 1.cu "i t i C:'s q~ ~:o,/400 to ?0/200 , occipital alpha 

rhyth .. · "·o~md in ~0% of th~~ mi ti.ents . "'or visual 

acuit 1 1, ~-te r tha"• 20/200 attained wit ·in the first 

year ,~~, ; .. · .- the al1'.r-t wave u~·n~1lly was :d.thin normal 

J i . ~ "·· · • · T)eo~·l! th"tt ~:·>d ·;or-·' dq:1 ·< of occipi taJ 

'""''P "1 y)ha wavr; deve lopmPllt of the electroencephalogram 

is a ·I· on!? in nrural develonnC!1t depa.ndant upon ~ ! ., 
•. 

"0!~n. v 1 ·; •r. \• ith in 1 1w critical r c "'i od o ' the first yt.:at~ 

o.~ ::r'""t - . ':4 ·1 1i t\~ . 'ood vicu.t1 :u~,,lty rt Jps maximize 

t·.·~ c~·c i'·! ~t'ur·'ll :'it:vclor'~ .. :-1-t . noo('i visual a cuity wa~_; 

~~;~~t~~ .. :ic--.11.:,· c:o~."'l't:J· tE=>d witL 1.·lc:::·t:"~sed · !'plitudes and 

1.' ~!: 'l ..... . .. 1'' ~: .. 1b.;cct · ·"7 
v ,. 

·1~-•·, wave::; 1y de''inition a~·e brain waves of t!:e 

wi-t:··:~ 11 ~-!Jf' freq'tlt:rtcy ean[:e of P i.gh t to thirteen hertz. 

':.'he a1~' v;uves orj(.inating fron· i.Jw occipita l cortex 

2.~·c. 0·" ~ r ·r·st i n ··la+io!l to •fi" inn. ·n):·ing the fir•;t; 

.. · :') f l ~ 

: .. ():. '"7 -

· fi vc +.c• 
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th.' normal infant neur·olo•:icalJy develops the 

occipi ts..l we.vc- pattern in ere asPs in freqt·ency from the 

ranee •;"- .l"'i.ve to ~E'v• '1 he-rtz to i: ·P norr1al ran~e of 

ei3ht ~o -: hPrtz . Artult occipital alpha waves usually 

!lave a :':--ec. w=·ncy of t.en hertz . 

Subjects blind since birth tend to develop an 

~1.lpha ·:·av·· rhythm but the origin of thE> v"l.ves are 

fou~~ t0 ~~ f~om the ~rea of Rol.~~~o 's Fissure of the 

cer:·~-:-o.l. :::·J·-·-v~·:: . These waves frorn a non-occipital origin 

but withi:".. the frequc~1cy range of an alprn definition 

are ter::r--d Ro landic Rhythms. Rolandic Rhythm is rarely 

found in sighted people but is common in people without 

form vis5o~ s ince birth . Rolandi~ Alpha Rhythms closely 

rr.a tch occ i. n 1 t.al alphr~. rhythm in fre 1 :tenc:r and shape but 

are sai t~ ~.o h~J more spindle sh~PlEd . 

c: ·t~ .. ~€ s of Rolandic Rhythm Alpha f.'eem maximally 

sensitivf to tactile and proprioceptive 8timuli . As 
stated, ~-·,)1 :~~l~Hc H.hythfYl is rare in r;ight ed people but 

co:~_r;-:o:-: i' · pc tnle wit: .0ut i'orn; v ~ ::- i 01 l c.mr +;here fore cou ld 

;.- ;:. :~ '11'" 1 d:rrt'" .l·i·1,· O'"' ·~.ltr-l''l · t·l.n :rve1 )')f'l'-:nt pattern 

fo"' .1• • • ~! •. -. Frot,.,'ly !::oJanc!ic ,\lp1n H:JthJn represent~; 

ar: i::1~1' .:'' •.. :4 t;tilit.a~iOll r~f thf' ... ·' ' of '.P"Ch and hearing 

::::i:1ce t~.c : :·:1 i n is urablE· to use foJ.·rn vision • 

·:.'1 ~ r~ ";i1.e onset~ of bl indr1c ~1B occurs after the 

cri ti~ --~- ~~·· ~ od of or•e to thl·Pe yenr:;. iP moct cases the 

:-:.l;::~a ··-:.· --·: ·traetE.·r.L=:;tics ·Net·e • t ~'i.gnlf : r:untly difi'erent 

i:. ~-:~· , .. ,·' ~)r' frc''-lnency ft'O!. !}to,~<~ wav e.;; in Gighted 

.. : 'l·=ur:tl s: ~:;te r-. had d c •1..:- 1 oped } ··pvious to the 

· , : ar:<1 th•' neu:·al d \'~ 1 orn.0.:r~! \·:as reflected 

· :~·.,: , ·:Ieber ;·1~d S·hn-.df·r· ~: 7 LLrou['l a ca1·eful study­
:ou~!d a d(~crease i11 ~:c cipi tal a] rha rhytr m of one to one 

:1n<! '1. : ~t, :" ::-ertz aft 1· two weel:s of d8crc ased visual 
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C:!'~a~ it ' s Theor·y stated that retinal activity provides 

:-1eur2.l : ~t:'r o~~t for C<' ::~tic·ll tone P~r Pcia 1 ·1 y in the 

occipj -~, ~ a!"e3. ~ Hube 1 an1 ':Jei ::r 1 nnatomi.c·tlly examined 

cat b~'a:i ,.,~ · void of visual expcri.Pnce. 4 Those brains 

without 1 ,.._~e v ious visual stimu1 a tion show€ d decreased 

physical ·~r:ve lopment in the occipi. tal nre~ and that 

c C>rtex devP lor) rr~ent is dpnrnd~·ud upon visual ' . 

r~··reral ca.;::s 0::- CNV,e;l1i.:·t1 0'1 : nt homonymous 

~-~en:i;1 :tU-;:l._, i :. ,; , alpha vJave activity w·13 c;epcrated from 

only one si.1 P of the occipital cortex .7The cause of the 

he~ianopstas was due to a lesion just posterior to the 

optic e!-::.a::!"'! . One sir~e of the occipital (•ortex developed 

visio: : ::rd ~1 typical a lpha wave pattern 1 ut the other 

he:-r.iB-:--'1 · ,.., .lcprived of vi::;ual inpu L neve)· developed an 

occipi::, ~: r0.lnha wave pattern. 

: :r;:)cld·' believed that t he cortjcal alpha wave 

\'las (';E'l ' .. -,·; c~-3 by thE? tr·emors of th" extr<' ocular musclcs.g 

:t ; !..~ ·:: • • · ·j·' :1t :'.ois fro·· the cxtx·nocul; 1· muscles can 

,' v 1 . -. ~ l :'J ··i . ...;::'] rt, .... t. ivity dcr>;: o"'· i:~i'rnt from the fir:tne; 

of the o..:J L! r· muscle:> and the c u'npa:r·itivt>ly weaker si~:nal 

of the ~oving retinal dipole which is also recorded on 

~he electr0-oculograM (EOG ). 
..... · . 

o::.1·.: t. ·~· · 

1 ~ not st r· i ctly noise frorn 

. ~;. traocu1 ~1r rr,usc l eH b e cause P' tients having 

·•:1cl eation still ha\e <~1~ alph:·. wave . 7 Without 

::'·Pre wm1ld be no ECG '·ot.enti·:l and the 

<-':·.t···:;..~:-- 1 ', r~1scles f:hot:l.J be \ 5 t'1nnt stLmuli for pursuits 

bil.B.i ~'t· ~ 

,.~.1 . 'Jihe <::lpha wave 1·ov"v~r e:{ · nts after 

>tn~l<::atic t o 

:, ')i.-~· from tL..: trernor s of the ext1·aocular muscle~> 

a::; fot.mJ o~:. the EEG ,,houldn ' t be confuse ~ with alpha 

·· ·' .:;, ·':h:- D':","' <:l.tJ~';f' tlH~ f ·equency of' tl.P muse~ c tre mors is 

l:~:· ttJC'·: ~ ~·0 'U'<! 70 hr"·t'/., (:Olttp:.u·• c1 L') t hr: i ~~ht to thirl;pen 
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T~l!? occipital alpha wave seems to be a recording 

of the rhysio logical activity of the occipital neurons. 

In order :~or normal occipital alpha activity to develop 

good visual acuity is necessary during t he critical 

period from b:trth to age one to three. Cohen has argued 

that alpha rhythm will develop if blindness occurs after 

three r.:o::J.ths of sight after birth. 7 Occipital alpha 

waves reT'J"esent a milestone of neura l development for 

normal b· ·;.dn and vision funct5on . 

ALPHA VJAVE SUPPRESSIONt 

Occipital alpha wave suppression has been associated 

with flu~tuations of neural activity but with dozens of 

different and non-encompassing explanations. An attempt 

will be T'l=J_ ,~ 2 to explain the significance of alpha waves 

. in cons ideration of the vast experimentation done but 

with the l;umili ty that we don't know all the answers yet. 

S1:udies by Novikova7 show that good form visual 

acuity 1~ ns2ded in the first several years of life to 

deve lo~ ;, :--orrr:al resting alpha pa.ttern. In order for alph::t 

wave sup·, ~ ·ession to occur there first mu~. t be the \. ., 

developrr,(.:nt a l milestone of the wave patt(-'rn. The wave 

pattern : :us t first be establi.shed before neural a.cti vi ty 

can stt;JJ ... 'C ~:;s the waves .. 

:; ere are no occipital alpha wave patterns during 

sleep . !:r,\·tcvPr Bergel',Adrian 1 and Matthevn: aB well as 

f:i rsth~~;- · recordings show that the alp!1a wave i.s enhanced 

with ti:r.· ,;ub ject' s eyes being clo~wd but not asleep . 

W'h:?n tr . ..: '-':: e>G are clor:ed it depend r; on tL·~ state of 

consc1 ou~··!v~ss (asleep or awakE>) if the Hlpha wave will 

be t:.e:nc::~~r;:;ed • 
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Scott found that a patient will suppress alpha 
acti vi-'::~' ·: conditioned to exr,P.ct an irrJ11i nent stimulus. B 
Supprc~sion of the alpha pattern was conditioned by~ 
~xpectation 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 infor~ation. 

i..artinius and Hoovey found that a·· pha waves 
were :mL'"' lced when a group of nor.1ml children performed 
auditor~ 1iscrimination tasks with their eyes closed.3 
Perhaps this represents a shift awp.y from visual attention 

to auditory attention and therefore a resting of the 
occipital cortex with resulting alpha wave enhancement . 

T!:e brain inust first h·we 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 ~ilestone of development showing that the 

visual occipital cortex had reached a ce rtain level of 
visual rrocess ing physiology. Only 'lfter the occipital 
alpha .mv:-· iR develored can it be nuppre .>sed. 

?luctuation b:.:tween alpha vm.ve en:.ancerrent and 
alr.'~ld wave 3uppression represents a faci l.i ty of the 
occipital brain tiss~e from relative rest to attention. 
The lare;0 C-Llpha waves present when the mind is at rest 
and i;}:c· t ::c~~ are closed reflect reJ.ativc inactivity of 
the v i."J t·:.l D~"ocessing centers. Vlhcl'l the eyes are open 
and thl? ll"1in attentive th~ nl: 'v1. v.ave r:;!tould be 
~;'..lp;n·: .;.·t.'(l . '::he wave characte,·i. t icc re~ 1 ily fluctuate 
fro!n .:C:'~on,l to second but with :1VCl'<1gi ng the trends 

·:· rcvea::. ...... ~.·~se lves • 

. · . . 
·~ ... 

. .. . 

:· 

... ' '·. 

.. ., r:1~ v:a.ve suppression doesn't necessarily reflect 
the visu~l input into the occipital cortex o~ the actual 
neural -~ocrssing of the occipital cortex. The suppression 
of the ~~lpha wave is probably from centr'll cortex control • 
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::'hE alpha wave varieco in rcspc-ct to attention and 
percepti o~' \'l ith control from central cortical areas , 

perhars t~e reticula~ activating syGtem. Central 
processes determine whether alpha waves are suppressed 

or not . 
T~.is explains why researchers have correlated 

changes ir a lpha wave Jevels with hundred~ of different 

fact orR s1 c:, as tactile stimuli • auditory stimuli and 

the att,.,-!! ... :i.on state . One researcher9 even claims that 
biofeedbac% techniques to induce a lpha n.ctivity can 

e liminate headaches, a llergies , asthma , over- eating , 

smolcing , ~lrinJdng , tension, anxiety and even improve 
the sex life. But the a l pha wave represents in these 

varied cl;lilns only an indicator of the workings of the 
more centra l cortex . How could visu~l processing cells 
contr~ ~ttP to a drinking problena 

, .~ny researchers have probably investigated the 

alpha wave because it is the easiest braiYl wave to 

· record . The a lpha wave is usually noted a•: the most 
po .. ·~:- -~ul a'!.j dominating of the b.:·n.inv:ave:; in the consciour.> 

state . 2i.•~ :.' elatively powerful alpha wave: ic found to 

:flwtl1ate- i :1 correlation with many Uffet·r.mt variables . 

·Varif'bles that affect the alpha wave include information 

from all f ive senses and the attentive receptabllity to 

the sti muli . Alpha suppression see rna to b f~ an indicator 

of unJe::."] yin{; central processes of attention and perception. 
':::ac Vlal ter the oriz~tl that the al}Jila wave repre~.;ents · 

:i pl?n:''. ·:.u=.l gating n:echanism. 3 'fhc ga.tinr~ mechanism was 
to .·c? ·i i!lput and rerresent an anal oe; for the psychological 
proces~ o: attention. 

A-':.·:.an theoriz·.;d that the a1 pha wave actually is 
tl.e !'h: · ;.:!t'Y.ical-.discharge of resting cortj cal neurons . 3 
~he alrh~ wave is to be present when the cortex is at rest 

and not !.'ccievin5 a~ input of patterned visual stimulus . 
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Gl:;. ss set up an experimental design comparing ·:· 

·calculation performance to alpha :>t'."l.tus . J High motivation 
· and good 1:-erformance was associated \Ji th relatively : 

int en se blocking of alpha waves . Inefficient blocking 
of alpha waves was correlated with increa.;ed calculation 

error. The finding that increased concent~·ation is 

correlatei with alpha wave suppres~ion iA a ccepted in 

·other lit:::rature findingn. 
ca~_;::'der , Ko!"esV.:o and Kropfl found ; correlation 

between the phase phase of the a.lpha rhyt:tm to the onset 

. . of ocular saccades . 3 Their conclusion was that either · 

the alpha rhythm paces saccades and or thn.t b oth saccades 
and the aJpha wave are paced by something else . 

Callaway and Yeager found a relationship between 
the phasD of the alpha. wave and the timD .l:nterval before 

the vLsual sensory system could react to a stimul us . J 
Krth":en!an and Norman found the interval of temporal 

summation of Bloch' s Law to be 100 millisrconds.4 One­
hu!'ldred . :..lliseconds is also the time fo r ;' ten' hei>tz ~ 

( alJ=::-.a) '·• ,..,~ . l"'ossibly as VIal tcr Gf;Cculatf ·1, occipital 

ulp?':a w:!."' cti vi ty reflects the perceptu 1 "p.ating 

mechani s;~ . u Possibly occipital visual neul'ons are able 
to sum!..lt- v isual stimuli over time inter11als of one­

hundred r .illiseconds before the ten hertz rhythmic 

en-mass ~ cellular discharge that produces the alpha wave • 

1· t:l:.n1 land , Evans and Peper. have r( corded the alpha 

wave in :r->lationship to oculomotor functinns . 3 They note 

that al':l.':!o ... ·1odation , vergence, fixation, pursuit and 
saccadP c:ye ;llovements are found in conjunction with 

2.lp~1a ,'1H'' -r-ess ion . Their evidencf' ~mggestf'd that attention 
o: t!le ~;'Lt. :ect was reflected in oculomoto·· functions as 

well as :-tlpha wave suppression • 
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A young child often holds his reading material 

very close to his eyes and uses hieh amou 1tF of 

accorm:odz.tion and convergence. Perhaps he uses the near 

visual d r"ands to help attend to the material and at 

the sa~e ti~e suppress the alpha wave. More research needs 

to be done but it seems that the alpha wai/e is an 
··· indicator of central cortex processine. 

' . . 
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~: .. 
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.. 
t ' . . ~. • . .... 

. ·. 
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.· 
. . . . . 

r .. udlam places great emphasis upon the occipital 
alpha wavt; to document learninc; problems and visual ·. · 

training.) He believes that with further cesearch visual 
training will be justified and f3cientif1.cally backed by 

improvement in the level of alpha wave suppression. 
He found learning disabled subject~.> to be unable to 
to suppress their alpha wave activity. 

Al:ha waves represent a prominine; ~venue for 

biofeedbo.ck therapy . Like other signs suc·1 as pulse rate , 

·respiration rate or muscle tension , the alpha wave can 

be used to monitor physical stress. An awareness of 

these sic;nr.:: can be us::d as a fNHlbnclc tool to help 

control the!~ • 

A ctu·::·ent trend of popular pnycho1 r1gy has 

... cmphasizc:d the use of meditation to enhance the alpha 

wave. Zen Buddism, Transcendental 1\'tedi tat ion and other 

:: ·groups w~ich teach meditation to help reduce stress 
. ·.1 

.. 
• • •• t 

.·. . . . . 

.: 

·· ... 
·. ·" .. 

• ... of ... .. 

• .. 

. .. 

.. .. 

ha.ve fcqr;d that the alpha waves become enhanced. Some 

.au-thot·~~ hnrc preached the use of meditation for the . .-· 

pr·ln.L!.r~· 1' .tr)ose of enhancing alpha v1a.veso 

'.:'L '!',· is a confusion w!wthc:r the alpha wave should 
ue sup:·t't"' ·~::~d or enha~ced. f.'Jedi t<Jtion exp•~rts preach the 

v::1lue o ~ 1.1p:1a wave e~1hancement and relaxntion from stress. 
Educa:~or.; •:··w be rr.ore concerned that a le~.rning disabled 

student has difficulty suppresning his alpha wave. The 

:ideal situation appears that a rernon shot.tld have a degree 

of alph~ faci lity • 
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Asfmming that the alpha wave chang(~S reflect 

fluctuations in attention it is desirable that a person 
be able t,, relax (alpha enhancement) or cc.n<'entrate his 

attention (alpha suppression); whichever 5.s appropr iate . 

Alpha facility from suppression to enhancoment and back 

again see:r.s to be a desirable ahility . . . 
~'-: pre::::ence of occipital alrha waves represents 

a neu!'ol ~ical milestone of develop1:.ent t l!nt usually 

occurs one to three years after bil'th pre:;uming good 

form visu~l acuity. The occipital alpha w~~es are 

enhanced during periods of co:r-tical rest and when the 

eyes are closed . Alpha wave suppression unually occurs 

when the ~'?yes are open and moreso when attention processes 

are arc;,, sed . Alpha waves repre~ent an indicator of 

cortica 1 ~ttt:!ntion processes and all the <1 i fferent 

·_- sensation1-~, emotions and motivations that can influence 

cortical act ivity. 
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OCCIPITP.I. . .\J,PHA WAVE SUPPRESSIO!i; 

PURPOSE: 

Record ings were taken of the occipital alpha wave 

to gain cxucrience in the mechanics of measuring the 

alpha wav,-. , to test theories stated in thf! literature · 

and to :c-ai~l insight into the physiology of the alpha 

wave function. 

THEORY: 
The occipital alpha wave is ~enerated from neural 

activity of the visual cortex. Good visual acuity must 

be present for.the first several years of post-~atal 
life ir. o ,·: ··r for occipital alpha waves to develop • 

After t!w :.-tt:'urological milestone of alpha wave pattern 

is estab1.i ~•hed alpha wave suppr(~S~>ion and enhancement 

reflect <l con,plex relationship of cortical relaxation 

versus a·l.tention . Sensory input or anticlpation of 

:c~timuli t. ~-~ds to suppr'ess alpha wave aet.ivity and reflect 

eentr~l 1 c· ·i_jcallll'o,:-..:sses of attention . rlpha wave 

n1Jla!~C'C' vi_ i.~~ four:d with cortica) relaxa~jion or when 

·: · · ~ttll-.! 8J'~.~ ~, t c losed . 
. ... · . . . . .. .. 
. . . ,. 
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.... 

. .. · 

. . ·. 

.. . · 

.. 

.. ·.\ .. t 

.. .• . 
.~ .: . ·... : .. . . . . ·~ . .. 
.k : ..... ... . . 

. . 
• ; . ..z . •• .. 

EXPERIJ·.IE!·;·.:_·.':.!> D~SIGN r 

Vari~bles were chosen that have be• n found to 

corT~~la' - v. ~th alpha \·;ave changes. ~i'esti.n.~ si tuat:hons 

'-';''···e r1:.~~: '~-~ :...::o th<'J.t •mly the var":iahle wn ~ changed and 

~-·~!~:tors ucrt~ constant. J !l 1 ach . ·i.tuation the 

t,•:o r· · : ·1,--~~ eorr:pa::··•d Wf'r<~ taJ.;_('n ono aff.0r another 

w .i th tL .--:-.~m; sub:ject., instrumen t:lt ion, y-.;cording 

::::et!S it~ ·-r i ts ~md control faetorn • 

T~ t' ''L- cordings were made usin.g bjp r>lar techniques 

on a phy.-;1.or;raph . One electrode waf~ placed approximately 

two and ;: lnlf centimeters laterally on each side of a 

point twPnt:r-five millimeters above the i1ion. The 

ground 1 ,_,.; s nts placed on the earlorH' • 
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To analyze the wave patterns , one Lundred 

successi vc v.;aves were recorded and measured as to 

relative arr:plitude . A millimeter rule was used to 

measure the amplitudes . Statistical analy:.: is was 

.. ..- done on a hundred consecutive amplitudes to compare 

. ' ~: . 

; • .·· 
-1 .... 

: .. . . ... . . 
-~ .. 

.... ·,. 

·.' 

... 

.. 
.. .:. ... 

. . : .. · . .. 
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, ... . . ' . 

~ ~ ' . . · .; 

! 

.. 
•. 

' • . . 

. -· .. 

'· 

. . / .. :· 
.. . . 

. ... ··. "'• 
.. •..-

A • > 

the two recordings in respect to the experimental 

variable . ?he measuring of amplitudes is a crude 

.met21od to :!n::ilyze brain waves but hopefu11 y shows the 

subtle t.::.::!ds of wave characterist ies • 

DATA: 

Situ:1.tion I . 

:':·0 subject is seated comfortably. Steady Fixation • 

:nstruction to subject-

"Add the odd integers 
from one to twenty. " 

''Re l~x." 

rne ;:..r1 a r:1!) 1 ·~ ~t tt cl c 6.10 

? .68 

varianc,~ 6. JJ 

i, 19.~ supprr->ssion of alpha am~~l i tude was 
fm.n·l\} with a calculation tank .. 

mean a Jr. 
' 

sta.nda1·d 

:'he subject .is seat(·d comfortah 1 y • 

. ~rt~:tuction to subject-

"Close your eyes." "Open your eyes." 

1 i L u.<J c 16 . 1 6.72 

J C\' i.ation 4 . 39 2.78 
of ampl·U u :0~; 

varia11Ct~ 19.0 ?.56 
• ,.., .... _.., • I' '1 l J. t d .• . )n:-o suppre s~non o t a p la amp .l u e vms 

··ow·.1 when the l'at i.cnt wa:.; told to I)IH:m his 
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(16) 

Situo..tion III • 

The subject is seated cornfortahly,and a ganzfeld 
stimulus is presented to both eJ.eS • 

Jnstruction to subject-

"OJ,>en eyes" 
(observati on of ganzfeld) 

"Close eyes" 

a rnpl.; tude 10.8 14.0 

standard dPviation 5·1.3 4.16 
of amplitudes 

variance 26 .1 17.2 

A 22 . 57t suppression of a1plra wave arnpli tude 
was found with the eyes open a nd visualizing 
a gansfeld. 

Situat.ion IV . 

The subject i s seated comfortabJy and the 
eyes are open. 

Tnf-:truction to suhject-

" I•'ixato at d iatancc " " ixate at near" (40cm) 

mean ar; ~> 11 Lude 8.35 5.84 

8. 81 standard dcv.iation 
of amplitwles 

variance 

CQr\CLr:--~ : : :: 

A JO% ... npp:rPnr; inn of nlr\ha wave amplitude~· 
\Jas found when tlvJ subJOCt fj atcd at forty 
centimeters verf->Un fi.vP meter r~ • 

The· f indings ft•om expet·i.mentation .~.gree with the 
LL:-orh· :.:; o f a lpha wave physiology. rrhe a] 11ha wave is 

usually suppressed when the eyes arc open. kental concentration 
and oculoP1o tor functions tend to r~uppre m· the alpha wave. 

~·} , ,· H.ethod of analyzj ng amp1 i tudes is a. crude method • 

The . · F'ouriPr Analysi~:; wouJ d Lake arnulj tude • frequency 
and wr- vt'B~~'l;'t's into conside:ratjo,1. aopefully research will 

contj11ue w1 th insight and the a:id nf sop11 intl.cated computerized 

instru:r:c·r t.at ion • 



: .. 
. 
.. 
' .. 

·! ,, 
. .. . , ;• 

. 
·: .. 
,, ~ 

. . . 
. ·I 

...... ··. ·. · . . 
.. . 

. . ·~ ! . . . • 

< .. . ' 
~ . . .. 

. . .. ·. 
;o • · ~ . . :~ ... 
. · ... . ·.· . 

. ' . 
:,. . · 

,• 

.. . ~ .... 

.... 
'• ;: . 

. . .. . . 
. . ·:: .. . ·. 
·.. . ··~ .... :~ 

. • .... 
. . ·.· . 

. . . 
. ' :, . . 

. - . 
. . .... ;·· .. · .. . . .· .. ·, . 

• • ~ •• • .,>': 

~· . . . . 
.... .. 
' • 

·~· . . . . · .. 
: -...• 

.. .. .. .. .. 

1 • 

2 • 

BIBLIOGRAPHY 

De lac~ to, 9 .H. NeurolQgic~~ Or~an~lza;j (>n and R¥adinB:, 
SprJ.ngfJ.eld,IllJ.noJ.s, C arles c. homas, l9o? .. 

Dewan,E.M. " Occipital Alpha Rhythm Eye Position and 
Lens Accommodation .. " Nature. June J 1967 , Vol 211~, 
975--77 · 

J . Ludlaw , ','J.lvl. "Hevie# of the Psycho-Phyniological 
. Factors in Visual Information Procem:dng as they 

Relate to Learning." from VlBion and"_L§.arniog 
Disability, American Optometl'i c Association, 1976 , 
179-222 • 

4. Moses,R.A. Adler ' s Physiology of the Ex@, c.v. Mosby 
Company , Sai nt Loui s, ~ixth Edition,l975 • 

5. Regan,David r "Electrical'Responces Evoked from the 
Human BraJ.n . u f:rom Scientific Ameriean , Dec. 1979, 
Vol 2LH, Number6 ,l,Jl}-I!-6 • 

6 . Ree.;an,0avid ,"Evoked 
s - . 

7• Novikova,L.A. Blindness and the Electrical Activity 
of the ~rain: Elect.r~qencepha~ogra-qfij c Stud~es_Qf 
itP Effects of Sensory Impairment; /1 merican 
Fou, dation of the Blind,Inc. New Yor·k ,l97J• 

B. Scott,Donald, Understanding EEG: An ll~~pductign to 
E1t'(;trocncephalop;raph.x, Philadelphia, J .B- Lippincott 
COJ":nany , 197 5 • 

9· Zaffnt.o ,A.A. Alphagenics, New Yorlc, Wnrner Books Inc. 
19?0 • 



•• 6!' f ... ~ ....... 

•• ~'~ ."'i . . 

! ....... ~ .. . . .... • • • ~: j .... . :. "'~ · 
... -: -: - ~ !' : •.• --~ ·' ..-. ,. .... - . t .'"• ,; -; · . _:.. • ....... -•• ·. "' •• ·~. _r ~-... .. :. • •• • •• • .. • • :. •·' • . .. ~ : --· · ~ ·. ···. .. .;. ·: : .. .... ·:··:· .~ .. · :~ -: .. .. .. ....... . '; 

·. .~ .. : 
:'.\ .•. · ~~ -~ . ~ . :)" .... ~ ~ ·(';'·?-::: 

.. 
. -;..... ·. •; •. ' .............. > •:.' ... ·." ~ ',··. ~ :·'·. ·!: .· . • .:.~···· . . · ,.: .... .. .,.,. .. .... .... ~ .. : ·. · .. · .·~ . . , _:.,. ... ::_ .. ; ··? . ·.,z • • . \ ~ ••• =. ~ ...... ··~ .. · .• ,• i ·~. t · •. • • . •• v .:, ? ~~:~ f ·.• .• ..,-•: •\• : . · ~ · ·$:: -- ~· .. , . 

.. ... ·. ·. .· .. · ." ... .· 

~~'f'V!~~~Nf!~ 
STIMULUS ON 

0 2 3 4 
SECONDS 

5 6 7 

~--------------------------------------f -------------------------- - -

t \ I 
DEFLECTION 
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SECONDS 

STEADY-STATE EVOKED POTENTIAL can be elicited by are­
petitive sensory stimulus, such as a ftickering light. The upper trace 
shows It continuous record of whole-brain activity (the electroenceph­
alogram, or EEG) recorded from scalp electrodes placed over the vis­
ual cortex. Powerful bursts of alpha-wave actjvity with a frequency 
of 10 hertz (cycles per second) and an antplitude of about 50 micro· 
volt.~ are evident. For the first second of the recorrung tbere is no vis­
ual stimulation; then a light starts to flicker 15.5 times per second. 

No evoked potential can be detected in the EEG trace because there­
sponse 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 starts to flicker, the anajyzer shows the presence of an evoked 
potential. Amplitude of the defiection 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. 

r eference #5 

' . 

I 
I , 

. . 

I! 
1.! 



'\ ._ -. . . . • . . . .. .. , • ;· 
. . 



. - .. -. ... ~ ; ... ... "i# • . 'n •• ~- ,.. '4' • ~- -.:- ~ ~ :: .. : ..... ~~ . ': . . ·.. . . . . .. ., • • • • .... "" .. .., 0 ·- • • •• ~: :: ... • • ~. • • "', : • ~ • • • ", . .. , : • • • : ...... • • .. . ~ ~:· .. ··"' . ... -... , .:,. ... :;·· ~ :· ·. :-- • ~ ·•• . . •. ·:. • • ···1 
·.· .. · ] 

: -. - . .. 
•.;,_ ...... ·. "f..•"! .,e··,. .,•. Y: . ... :! .: 11'••.:· • • ~ . ·~ ... : .·. ., ···' :. ~ ~. ~~: ··. ".. ·. ·~. ,:· .......... :.--.... ·.·~ ... : .... '•'• ~ - ~ .. . ":" , . ... .. ..... .... . . , ,, . :, . :· .... .. . . " ·. ·· ~~ 

·'~. . . . . ... . 

. ·. :. -· 

' ""r¥'\./\ )4-~~ ..... ./... )...,....~\··... ,. .. , ............... f"'l. ,..~ 
I I I .., • "\ ' ' • 
, ~ f '.' \ ' ' ( . ; 

, A, ~ ', I fl'o I 
2 ) )'. I ~ (' I ,I, I\ \ ~lo,f' } ·, A • /~ t I' ~ I I I IJ. (I 

\ , • · IJ •jl l I 'I ~F I ( •} ' II f')J ~ 
" I I 1/ I , .t I I ~I . , I. f . I I J : :J \ 

1/'Jo{ "fv 'c"' ~ l J v 

I~ '-~, /!"\.... 
3 ,J. • . , . \..)~_..! f"-..--1 / 

' - ·""' .-;- ~ _,.\ . : 1 /'1 .... .,;" v"' ',.1---r 

l"i .. / 
· I 
~ 

i·~·· 

/ 
J 

)" / ,;/'\ 
~ \ I ,t.t ' .- I , ""' ,:' . v 

•.-/ 
. .__... 

.. r 
J/' . 

./ 

s ~-~,...,~\...,_~~.~··." .wv.i·T'>.;··~\"' '-.\\,....•,,·~.'·Y)>'-",........,.,) ·, .. , .. 

....... ,. 
........... J4..1\i'. '\,.., 

r '" "' . , ... ,. t·~ " . · . ., " -~~~\ ~. )"""" '.. "" ,. ""'"' ""' ... ;~-, 6 . -""' 
.,. 

,. . .. ~ 

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 
S. 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 trJs has been corrected 

Examples of EEG artefacts from reference #8 . 
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