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During the l a s t s e v e r a l y e a r s the i n t e r e s t in " o p e r a n t " con t ro l of 
theta act ivi ty in the e l ec t roencepha log ram (EEG) has r ap id ly i n c r e a s e d . 
Apar t from concern for ac tua l sc ient i f ic suppor t , a wide r a n g e of c l in ica l 
methods for " t h e t a - c o n t r o l " a r e a d v e r t i s e d by the biofeedback indus t ry . 
This i n t e r e s t was pa r t l y s t imula ted by specula t ions on the involvement of 
theta act ivi ty in specif ic psychologica l and behav iora l r e s p o n s e s . 

Pe l l e t i e r (1974), for example , hypothesized tha t the p r e s e n c e of 
theta act ivi ty is a p r e r e q u i s i t e for pain con t ro l . Studying an individual 
with abnormal ly high insens i t iv i ty to pa in , he found an i n c r e a s e of p o s t e r 
io r theta during painful s t imula t ion . 

A g r e a t deal of work is concerned with the s ignif icance of the ta for 
medi ta t ive s t a t e s . Most often ci ted in th is r e s p e c t is the p a p e r by Banquet 
(1973). This invest igat ion c l a i m s to have found in s tage 1 of medi ta t ion a 
"d rama t i c i n c r e a s e in alpha a b u n d a n c e , " high ampl i tude alpha waves in 
frontal a r e a s , and no alpha blocking to e x t e r n a l s t imula t ion . Stage 2 was 
cha rac t e r i zed by an i n c r e a s e of t r a i n s of occ ip i ta l the ta with a cons tan t 
frequency that is different f rom the mixed f requenc ies found in d r o w s i n e s s . 
Theta a l s o p e r s i s t s when the eyes a r e opened and dur ing the pos t m e d i t a 
tion per iod . On the background of the ta waves high f requenc ies in the beta 
range w e r e obse rved . The work of Banquet (1973) failed to use an a p p r o 
p r i a t e cont ro l condit ion, a flaw which c h a r a c t e r i z e s m o s t of the work on 
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medi ta t ion . A group of beg inners in t r a n s c e n d e n t a l medi ta t ion (TM) 
s e r v e d as c o n t r o l s . I t i s t h e r e f o r e poss ib le that the obse rved effects a r e 
due to the i n c r e a s e d abi l i ty of t r a i n e d TM p r a c t i t i o n e r s to achieve a d row
sy s t a t e , a c r i t i c i s m a l r e a d y conf i rmed by Fenwick (1974) who found no 
difference between TM p a t t e r n s and d r o w s i n e s s . F u r t h e r m o r e , in Ban
q u e t ' s s tudy , no s t a t i s t i c a l ana ly s i s of the data was appl ied . 

Wi l l iams and West (1975) conf i rmed the tendency of t r a ined TM 
m e d i t a t o r s to exhibit a s ignif icantly s m a l l e r alpha blocking effect during 
medi ta t ion ; subjec ts i n s t ruc ted to r e l a x s e r v e d as the cont ro l g roup . The 
a u t h o r s concluded that the medi ta t ion s t a t e is a s t a t e of prolonged d row
s i n e s s , but they a l s o d i s c u s s e d the poss ib i l i ty of a s t a t e of sus ta ined a t 
ten t ion . S imi l a r r e s u l t s a r e r e p o r t e d by Wal lace e t a l . (1971) and Fenwick 
(1974). Gene ra l ly , in sp i te of many in t e re s t ing s tudies and specu la t ions , 
t h e r e is l i t t le evidence for the ex i s tence of a spec ia l kind of theta s ta te 
d is t inc t f rom d r o w s i n e s s in medi ta t ion . 

Toge the r with the i n c r e a s i n g i n t e r e s t in medi ta t ion , theta was 
thought to be an ind ica tor of ha l luc ina tory and hypnagogic events as they 
occu r dur ing s l e e p s t ages 1 and 2 and other " twi l ight" s t a t e s (Stoyva, 
1973). Stoyva ment ioned a spec ia l kind of " the ta i m a g e r y . " But as far as 
I know, no sufficiently cont ro l led study ex i s t s which suppor t s any of these 
specu la t ions . The work of Green et a l . (1971) c la iming "vivid i m a g e r y " 
dur ing theta s t imula ted a c e r t a i n amount of p r a c t i c a l appl icat ions of t he t a -
t r a i n i n g , but is based only on unsys t ema t i c observa t ion and lacks an e x 
p e r i m e n t a l des ign . F r o m s l e e p r e s e a r c h (Foulkes & Vogel , 1965) we know 
that with descending s t ages 1 and 2, r e p o r t s of d r e a m l i k e exper iences in 
c r e a s e . Along with t he se specula t ions Budzynski and Peffer (1974) a d 
vanced the idea that " the ta s t a t e " may be a p r e r e q u i s i t e of ve ry powerful 
m e m o r y consol idat ion as i t o c c u r s dur ing posthypnotic suggest ion; and in 
fact a mach ine for "twil ight l e a r n i n g " has been buil t and is a l r eady being 
so ld . However t h e r e i s no sol id evidence suppor t ing this in te res t ing hy
p o t h e s i s . 

In the context of s t r e s s r e s e a r c h the o c c u r r e n c e of theta act ivi ty is 
often cons ide red as an ind ica tor of a s t a t e of consc iousness incompatible 
with anxie ty (Stoyva, 1973). T h e r e a r e two cont ro l led s tudies on the effect 
of alpha ac t iv i ty on anxie ty re l ie f during s y s t e m a t i c desens i t i za t ion (Bir -
b a u m e r & T u n n e r , 1970; Ben jamins , 1976). Both e x p e r i m e n t s suppor t the 
notion tha t dur ing and between imagina t ion of anxiety provoking s c e n e s , 
a v e r s i v e a r o u s a l d i s a p p e a r s with i nc r ea s ing a lpha . Whether alpha p r e s e n c e 
or EEG synchron iza t ion is a n e c e s s a r y condition for anxiety reduc t ion , as 
B i r b a u m e r (1973) a s s u m e d , r e m a i n s to be d e m o n s t r a t e d emp i r i ca l l y . 
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Bet te r control led s tudies exis t on the r e l a t i onsh ip between the ta 
act ivi ty and pe r fo rmanc e in v ig i lance t a s k s . N e v e r t h e l e s s the findings of 
the two ma in r e s e a r c h groups (Lawrence & Johnson , 1976; Beat ty , 1976) 
a r e con t rad ic to ry . Since an excel lent r ev iew by Lawrence and Johnson 
(1976) is ava i lab le , only the ma in p r o b l e m s wil l be evaluated h e r e . Beatty 
and his co l l abo ra to r s (Beatty et a l . , 1974; O'Hanlon & Beat ty , 1975; 
O'Hanlon, Royal , & Beat ty , s e e th is volume) have r e p o r t e d an i n c r e a s e d 
pe r fo rman ce of s tudent subjec ts in a r a d a r moni to r ing t a sk dur ing p o s 
t e r i o r theta suppres s ion and a d e c r e a s e d p e r f o r m a n c e dur ing the ta aug 
mentat ion in compar i son to the s a m e group of subjec ts without the ta feed
back. This effect was r ep l i ca t ed using p ro fes s iona l r a d a r o p e r a t o r s in a 
l abora tory envi ronment , but not in a n a t u r a l r a d a r moni to r ing s i tua t ion , 
where no group d e c r e m e n t was obse rved under any condit ion (O'Hanlon, 
Royal , & Beat ty , this vo lume) . 

As with biofeedback of o ther v a r i a b l e s ( e . g . , h e a r t r a t e ) , the effect 
of the t ra in ing is e i the r confined to the l abo ra to ry or t h e r e is no effect of 
t ra in ing in those g roups of subjec ts who need se l f - r egu la t ion . Lawrence 
and Johnson (1976) rev iewed the i r own work in the light of Bea t ty ' s and 
O'Hanlon's r e s e a r c h . Hord et a l . (1975) used a yoked and one no-feedback 
group—a be t t e r cont ro l led but l e s s powerful des ign in c o m p a r i s o n to the 
Beatty et a l . (1974) wi th in-subjec t b id i rec t iona l des ign (theta augmen ta 
tion v e r s u s theta suppres s ion ) . Hord et a l . again used a 3-hour sona r t a s k 
and applied theta suppres s ion to t h e i r sub j ec t s , but used a different a l 
gor i thm of EEG a n a l y s i s . Beatty and h is co l leagues compute a the ta r a t i o 
index for each second (number of the ta waves divided by the to ta l number 
of waves in the the ta , alpha and beta f requencies) whi le Hord et a l . worked 
with an analog f i l ter s y s t e m . I t is not c l e a r whe the r d i f ferences in the 
EEG ana lys i s or in design a r e r e spons ib l e for th is d i s c o r d a n c e . Lawrence 
and Johnson (1976), af ter rev iewing the r e l evan t s t u d i e s , s t a t e : "A p e r 
fo rmance d e c r e m e n t may be a n e c e s s a r y condit ion for the obse rvance of 
any theta effect, and t h e r e a r e no data to sugges t tha t the ta s u p p r e s s i o n 
can lead to p e r f o r m a n c e enhancement above ini t ia l l e v e l s . " 

Thus on the whole , the behav iora l and psychologica l "mean ing" of 
cor t i ca l the ta act ivi ty is not c l e a r . We bel ieve one of the r e a s o n s for 
mos t of the p r o b l e m s in p r e s e n t r e s e a r c h on the ta is the fact that the ta is 
not a uni tary phenomenon. The c h a r a c t e r i s t i c s of f rontal the ta and p o s t e r 
ior or t empora l the ta may be en t i r e ly different . We obse rved u n s y s t e m a -
t ical ly 10-20% high vol tage theta t r a i n s dur ing an a l e r t awake s t a t e in 
frontal a r e a s in compar i son to a ve ry weak p o s t e r i o r the ta act ivi ty (Lut-
zenbe rge r e t a l . , in p r e s s ) . Low vol tage the ta with mixed f requenc ies in 
s leep s tages 1 and 2 may be a v e r y different phys io logica l phenomenon 
than high ampli tude r e g u l a r the ta dur ing awake s t a t e s and medi ta t ion . Dif-
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fe ren t me thods of ana lys i s and feedback between the l a b o r a t o r i e s add a 
cons ide rab l e amount of confusion; exact r ep l i ca t ions a r e v i r tua l ly i m p o s 
s ib le because of different l abo ra to ry condi t ions . Most of the speculat ions 
on the psychologica l cova r i a t ions of the ta s t i l l awai t e x p e r i m e n t a l suppor t . 

-

E F F E C T S OF BIOFEEDBACK ON INCREASING THETA 
I t i s gene ra l ly a s s u m e d that high ampl i tude theta act iv i ty as an i n 

d i ca to r of c e n t r a l synchron iza t ion is incompat ib le with the p r e s e n c e of 
c e n t r a l a r o u s a l p a t t e r n s ; low vol tage theta i s an in t eg ra l p a r t of the o p e r 
a t iona l definition of s l eep s t ages 1 and 2, and occu r s a l s o in REM s l eep . 
I n c r e a s e d the ta ac t iv i ty over l a r g e co r t i c a l a r e a s should lead to a drowsy 
s t a t e or a s t a t e which is not c h a r a c t e r i s t i c of a t ten t ive wakefulness 
("twilight s t a t e " ) . I t m a y be a useful c l in ica l goal to voluntar i ly i n c r e a s e 
the amount of the ta in anxie ty s t a t e s , insomnia and o ther s t r e s s r e l a t ed 
d i s o r d e r s . 

Unfortunately, the e x p e r i m e n t a l se tup of a biofeedback s i tuat ion is 
incompat ib le with a d rowsy s t a t e . I t m a y be imposs ib le to at tend to the 
feedback dur ing the ta " s t a t e . " On the o ther hand we know that operant 
l e a rn ing is poss ib l e dur ing a d rowsy s t a t e and a l s o in REM s leep (Salamy, 
1970). 

T h e r e a r e few cont ro l led s tud ies on the poss ib i l i ty of i nc reas ing 
the ta act iv i ty through biofeedback. With the except ion of our own work 
(Lu tzenberge r e t a l . , i n p r e s s ) a l l i nves t iga to r s t r i e d t o cont ro l p o s t e r i o r 
t he t a . Brown (1971) and Klug and Brown (1974) r e p o r t e d a subs tant ia l i n 
c r e a s e in the ta through biofeedback. Since they did not u se a cont ro l group 
the effect may be due to i n c r e a s e d d r o w s i n e s s over the expe r imen ta l s e s 
s ion . The s a m e effect could be r e spons ib l e for the data r epo r t ed by Green 
et a l . (1971). Sittenfeld et a l . (1976) s i m i l a r l y used a design which is in 
a p p r o p r i a t e for the con t ro l of the d r o w s i n e s s effect. F o u r groups of five 
sub jec t s each with two different base l ine f rontal e l e c t r o m y o g r a m (EMG) 
l eve l s r e c e i v e d theta feedback t r a in ing (8 s e s s i o n s ) , or combined EMG 
t r a in ing (4 s e s s i o n s ) ini t ia l ly and the ta t r a in ing (4 s e s s ions ) a f t e rwa rds . 

They found tha t a l l g roups with the except ion of the group with high 
r e s t i n g base l ine EMG, which had only the ta t ra in ing for 8 s e s s i o n s , i n 
c r e a s e d theta ac t iv i ty over s e s s i o n s . The second group with high EMG, 
which had the two s t age t r a i n i n g , i n c r e a s e d theta act iv i ty as wel l . The a u 
t h o r s i n t e r p r e t t h e i r r e s u l t s as suppor t ing the "concept of shaping of low 
a r o u s a l " and as suppor t of a " r e s p o n s e pa t t e rn ing app roach . " In our opin
ion both explanat ions a r e i na pp r op r i a t e . The r e s u l t s could a l s o mean that 
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al l groups adapt over s e s s i o n s and b e c a m e m o r e and m o r e d r o w s y , but 
the groups with a tonic h igher tens ion level a r e unable to adapt as e a s i l y . 
This design again d e m o n s t r a t e s the usefulness of EMG re l axa t ion t r a in ing 
for tensed subjec ts and i t shows that m u s c u l a r r e l a x e d subjec ts have few
er difficulties in shifting to a d rowsy s t a t e . 

In s u m m a r y , the poss ib i l i ty of i n c r e a s i n g theta ac t iv i ty with feed
back is s t i l l open to expe r imen ta l t e s t i n g . The c l in ica l usefu lness of the ta 
biofeedback has not yet been d e m o n s t r a t e d in cont ro l led s t u d i e s . 

RESEARCH ON THETA BIOFEEDBACK FROM OUR LABORATORY 
Two contro l led s tud ies w e r e p e r f o r m e d in our l a b o r a t o r y to t e s t : 1) 

the effect of acous t i c feedback on theta ac t iv i ty dur ing i n c r e a s e t a s k only; 
2) the effect of the t r a in ing s e s s i o n on a pos t t r a in ing s t r e s s s i tua t ion with 
and without feedback; and 3) the influence of s imul t aneous biofeedback of 
h e a r t r a t e and f rontal is EMG as p r e t r a i n i n g on the biofeedback of E E G 
theta ac t iv i ty . 

In the f i r s t study (Lu tzenberger , B i r b a u m e r , & Wi ldg rube r , 1975) 
10 subjects pa r t i c ipa t ed in e leven one-hour s e s s i o n s (1 habi tuat ion s e s s i o n 
and 10 t r a in ing s e s s i o n s ) . A c r o s s - o v e r des ign was appl ied: F ive sub jec t s 
began with five s e s s i o n s contingent feedback a f te r a base l ine s e s s i o n (CF , 
a soft pink noise on the r igh t e a r s imul t aneous ly with E E G act iv i ty of 3 to 
7. 8 Hz with a min ima l ampl i tude of 10;uM) and continued with 5 s e s s i o n s 
of non-contingent feedback (NCF, pink no i se on the left e a r in the sequence 
of the tape r e c o r d e d feedback s igna ls p roduced by the s a m e subject in the 
previous s e s s ion ) ; the r ema in ing five subjec ts r e c e i v e d the s a m e t r e a t m e n t 
in r e v e r s e d o r d e r . After the 6th and 11th s e s s i o n s both g roups w e r e shown 
an a v e r s i v e movie and w e r e s imul taneous ly p r e s e n t e d with e i t h e r the "non-
contingent" feedback s ignal or the "cont ingent" s igna l , depending on group 
a s s ignmen t . The en t i r e expe r imen t was r u n by an on- l ine p r o g r a m on a 
PDP lab 8 /e compute r . P o s t e r i o r EEG, EOG, h e a r t r a t e (HR) and s u b 
ject ive changes w e r e r e c o r d e d . (For a m o r e de ta i led desc r ip t ion s e e Lu t 
zenberger e t a l . , 1975). 

The EEG was analyzed by a method s i m i l a r in s o m e r e s p e c t s to the 
method used by Beatty et a l . (1974), but ins tead of z e r o c r o s s i n g a m a x i 
m u m - m i n i m u m a lgor i thm wa s used . F u r t h e r , sub jec t s r e c e i v e d i m m e 
diate feedback if m o r e than one the ta wave was de tec ted in the EEG. A 
moving base l ine was used in computat ion of the r e s u l t s ; the m e a n amount 
of theta during the base l ine of the s a m e s e s s i o n was ca lcu la ted and s u b 
t r ac t ed f rom the mean amount of the ta dur ing t r a i n i n g . The s t a t i s t i c a l 
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ana ly s i s was m a d e within and a c r o s s the 10 sub jec t s . The re was no s i g 
nificant d i f ference between the CF and NCF condit ion or the t e s t condi
t ions (avers ive movie) in any of the sub j e c t s . In c o n t r a s t to Bea t ty ' s 
work , a l l sub jec t s w e r e informed of the n a t u r e of the feedback. F u r t h e r 
m o r e , falling a s l e e p was careful ly cont ro l led: EEG and EOG data which 
indicated s l eep s t a g e s 1 and 2 w e r e e l imina ted . 

Due to a high c o r r e l a t i o n between h e a r t r a t e slowing and the amount 
of the ta ac t iv i ty , and the pos i t ive effect of EMG t ra in ing on theta biofeed
back r e p o r t e d by Sittenfeld et a l . (1976), a second study was designed to 
t e s t the influence of the p r e t r a i n i n g in s imul taneous h e a r t r a t e slowing 
and reduc t ion of f ron ta l i s EMG on the ta biofeedback (Lu tzenberger , B i r -
b a u m e r , & S te inmetz , 1977; B i r b a u m e r , L u t z e n b e r g e r , & Ste inmetz , 
1976). 

Twenty n o r m a l sub jec t s w e r e exposed to four ha l f -hour s e s s ions 
with s imul t aneous feedback of h e a r t r a t e and f rontal is m u s c l e (pretraining) 
following one base l ine s e s s i o n . Ten subjec ts r e c e i v e d contingent (CF), the 
o the r t en noncontingent feedback (NCF). Subjects w e r e asked to lower 
h e a r t r a t e and m u s c l e tens ion (EMG). The feedback display of the h e a r t 
r a t e was v e r y s i m i l a r to tha t developed by Lang (1974). The subject i s 
s ea t ed before a l a r g e osc i l loscope s c r e e n . E a c h h e a r t cycle in i t ia tes a 
l ine s t a r t i n g on the left , which then extends a c r o s s the s c r e e n . The length 
of the l ine is p ropo r t i ona l to the length of each s u c c e s s i v e R-R in t e rva l . 
T h e r e i s a l s o a v e r t i c a l t a r g e t l ine for the h e a r t r a t e (see F i g u r e 1). 

In the slowing t a s k the hor izon ta l l ine m u s t extend pas t the ve r t i c a l 
t a r g e t . The t a r g e t l ine i s se t in i t ia l ly a t the med ian R-R in te rva l of the 
sub jec t . I f the subject suc c e e ds in extending the hor izon ta l " h e a r t r a t e 
l i n e " for m o r e than 10 h e a r t b e a t s , a new t a r g e t l ine i s s e t which i s m i d 
way between the sub j ec t ' s p rev ious and c u r r e n t med ians ("rule of h a l v e s " 
af ter Lang ' s p r o c e d u r e ) . At the s a m e t i m e the hor izon ta l l ine i s moved up 
and down the s c r e e n p ropor t iona l ly to the in tegra ted EMG ampl i tude of 
the sub jec t . T h e r e is a hor izon ta l t a r g e t l ine for the EMG ampl i tude 
which is aga in in i t ia l ly s e t a t the median of the sub j ec t ' s ampl i tude . The 
sub jec t i s a s k e d to r e d u c e h i s m u s c l e t ens ion as much as he can and to 
keep the hor i zon ta l l ine as long as poss ib le below the hor izon ta l t a r g e t 
l i ne . Subjects in the noncontingent feedback group (NCF) faced the s a m e 
d i sp lay as the contingent feedback group (CF) (see F i g u r e 1) except that 
the hor i zon ta l l ine and the two t a r g e t l ines w e r e not computed from the 
ac tua l HR and EMG of the sub jec t , but ins tead r e p r e s e n t e d a random c o m 
binat ion of HR and EMG of the p a s t 2 minu te s of the s a m e subject . 

H e a r t r a t e d e c r e a s e d up to 19 bpm with a mean of 4 bpm for the CF 
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ana lys i s was m a d e within and a c r o s s the 10 sub jec t s . T h e r e was no s ig 
nificant d i f ference between the CF and NCF condition or the t e s t condi
t ions (avers ive movie) in any of the sub j e c t s . In c o n t r a s t to Bea t ty ' s 
work , a l l subjec ts w e r e informed of the n a t u r e of the feedback. F u r t h e r 
m o r e , falling a s l e e p was careful ly control led: EEG and EOG data which 
indicated s l e e p s t a g e s 1 and 2 w e r e e l imina ted . 

Due to a high c o r r e l a t i o n between h e a r t r a t e slowing and the amount 
of the ta ac t iv i ty , and the pos i t ive effect of EMG t ra in ing on the ta biofeed
back r e p o r t e d by Sittenfeld et a l . (1976), a second study was designed to 
t e s t the influence of the p r e t r a i n i n g in s imul taneous h e a r t r a t e slowing 
and reduc t ion of f ron ta l i s EMG on the ta biofeedback (Lu tzenberger , B i r -
b a u m e r , & S te inmetz , 1977; B i r b a u m e r , L u t z e n b e r g e r , & Ste inmetz , 
1976). 

Twenty n o r m a l sub jec t s w e r e exposed to four ha l f -hour s e s s ions 
with s imu l t aneous feedback of h e a r t r a t e and f ronta l i s m u s c l e (pretraining) 
following one base l ine s e s s i o n . Ten sub jec t s r e c e i v e d contingent (CF), the 
o ther t en noncontingent feedback (NCF). Subjects w e r e asked to lower 
h e a r t r a t e and m u s c l e tens ion (EMG). The feedback display of the h e a r t 
r a t e was v e r y s i m i l a r to tha t developed by Lang (1974). The subject i s 
s ea t ed before a l a r g e osc i l loscope s c r e e n . E a c h h e a r t cycle in i t ia tes a 
l ine s t a r t i n g on the left , which then extends a c r o s s the s c r e e n . The length 
of the l ine is p ropo r t i ona l to the length of each s u c c e s s i v e R-R in te rva l . 
T h e r e i s a l s o a v e r t i c a l t a r g e t l ine for the h e a r t r a t e (see F i g u r e 1). 

In the slowing t a s k the hor izon ta l l ine m u s t extend pas t the ve r t i c a l 
t a r g e t . The t a r g e t l ine i s se t in i t ia l ly a t the median R-R in te rva l of the 
sub jec t . I f the subject suc c e e ds in extending the hor izonta l " h e a r t r a t e 
l i n e " for m o r e than 10 h e a r t b e a t s , a new t a r g e t l ine i s s e t which is m i d 
way between the sub j ec t ' s p rev ious and c u r r e n t med ians ("rule of h a l v e s " 
af te r Lang ' s p r o c e d u r e ) . At the s a m e t i m e the hor izon ta l l ine i s moved up 
and down the s c r e e n p ropor t iona l ly to the in tegra ted EMG ampl i tude of 
the sub jec t . T h e r e is a hor izon ta l t a r g e t l ine for the EMG ampl i tude 
which is aga in in i t ia l ly s e t a t the median of the sub j ec t ' s ampl i tude . The 
sub jec t i s a s k e d to r e d u c e h i s m u s c l e t ens ion as much as he can and to 
keep the hor i zon ta l l ine as long as poss ib le below the hor izon ta l t a rge t 
l ine . Subjects in the noncontingent feedback group (NCF) faced the s a m e 
d isp lay as the contingent feedback group (CF) (see F i g u r e 1) except that 
the hor i zon ta l l ine and the two t a r g e t l ines w e r e not computed from the 
ac tua l HR and EMG of the sub jec t , but ins tead r e p r e s e n t e d a random c o m 
binat ion of HR and EMG of the p a s t 2 minu te s of the s a m e subject . 

H e a r t r a t e d e c r e a s e d up to 19 bpm with a mean of 4 bpm for the CF 
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Figure 1. The solid l ine is moving up and down (EMG) and f rom r igh t to 
left (HR). Dotted l ines a r e t a r g e t l ines for EMG (horizontal line) and HR 
(vert ical l ine) . The counter (C) is p laced in the r igh t c o r n e r of the s c r e e n . 

group within a s e s s i o n . T h e r e was only a weak d e c r e a s e over s e s s i o n s 
because of the s t rong adaptat ion effect. 

EMG d e c r e a s e d subs tan t ia l ly only in the f i r s t s e s s i o n and r e m a i n e d 
s table over the next t h r e e s e s s i o n s . Differences between CF and NCF 
w e r e significant for both m e a s u r e s . After p r e t r a i n i n g sub jec t s r e c e i v e d 
eight s e s s i o n s of acous t i c feedback of t h e i r f rontal EEG the ta act iv i ty (Fz 
to mas to id ) , four s e s s i o n s with CF and four s e s s i o n s with NCF in balanced 
o r d e r . Again subjects w e r e fully informed about the mean ing of the feed
back s igna l . In th is study the feedback cons i s t ed of pink no i se i nc r ea s ing 
in pi tch agains t a s teady soft background n o i s e . Only the ta p e r i o d s longer 
than 1. 5 s ec produced feedback. 

To c o r r e c t for a r t i f i c ia l s igna ls f rom eye movemen t , the feedback 
was immedia te ly t e r m i n a t e d if an EOG s ignal l a r g e r than 50 uV was d e t e c 
ted . The noncontingent feedback (NCF) cons i s t ed of t he tape r e c o r d e d s e 
quence of feedback s igna ls p roduced by the s a m e subject dur ing the p r e 
vious se s s ion . 

After the fourth and eighth s e s s i o n s a 4 min v ideo fi lm was p r e s e n 
ted showing a v e r s i v e scenes f rom s u r g i c a l opera t ions and e l ec t ro shock 
the rapy . F ive min before the film was shown subjec ts w e r e told to p r o 
duce the feedback as frequently as poss ib l e whi le wait ing for the f i lm. 
During film p resen ta t ion and af ter the film they w e r e again a sked to r e g 
ulate the ta without any feedback for 4 min with eyes opened. 

T h e r e was a weak significant i n c r e a s e of the ta (15 to 20%) for the 
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CF condit ion over s e s s i o n s but a d e c r e a s e within the s e s s i o n s . P r e t r a i n -
ing had no influence on the p e r f o r m a n c e during theta t r a in ing . 

A c e r t a i n amount of con t ro l over the ta in the p r e s e n c e of the s t r e s s 
inducing film was demons t r a t ed : The CF group did not r e d u c e theta in 
c o m p a r i s o n to the NCF group which did. Whether th is r e s u l t could have 
any effect on subjec t ive or behav iora l r e s p o n s e s r e m a i n s to be inves t iga 
t ed . 

In c o n t r a s t to our p rev ious study (Lutzenberger e t a l . , 1975) which 
indicated no effect of feedback on the EEG theta ac t iv i ty , t h e r e is a weak 
effect of contingent feedback in th is expe r imen t . 

DISCUSSION 
This d i s c r e p a n c y between the f i r s t (Lutzenberger e t a l . , 1975) and 

the second study (Lu tzenberge r et a l . , 1977) could be due to a va r i e ty of 
effects which a r e not e a s y to eva lua te , s ince the second study was not an 
exact r ep l i ca t i on of the f i r s t . 

As Stoyva has sugges ted (see below), the negat ive r e s u l t s of the 
s tudy m a y be the r e s u l t of the fact tha t we excluded s tage 1 s l eep . In the 
study by Sittenfeld et a l . (1976) s t age 2 s l eep was de l ibera te ly included. 
The r e a s o n for excluding s t age 1 was a t heo re t i ca l one: "Sel f - regula t ion" 
of c e n t r a l ne rvous functions in humans in our opinion should be the r e s u l t 
of "cogni t ive p r o c e s s i n g " of an awake subject and should not be compared 
with a s leeping subjec t . Stoyva 's a r g u m e n t is t h e r e f o r e c o r r e c t for the 
f i r s t s tudy. In the second study we included s leep s tage 1, but con t r a ry 
to Sittenfeld et a l . (1976), who r e c o r d e d the ta f rom C4 - O2 , we r e c o r d e d 
the ta f rom f ronta l a r e a s . Since we found a s m a l l but significant i n c r e a s e 
ove r s e s s i o n s , Stoyva 's a r g u m e n t i s s t rong ly suppor ted . The quest ion r e 
m a i n s , why t h e r e was no influence of the p r e t r a i n i n g on the the ta p r o d u c 
t ion as Sittenfeld e t a l . (1976) have r e p o r t e d . 

In our opinion t h e r e s t i l l ex i s t s the poss ib i l i ty—which I ment ioned 
above—that the high EMG group which didn ' t show the ta i n c r e a s e was the 
only g roup that did not fall a s l e e p within the s e s s ions nor was t h e r e an 
effect a c r o s s s e s s i o n s b e c a u s e they w e r e m o r e t ense than the o ther t h r e e 
r e l a x e d g r o u p s . In th is c a s e they a r e not an app rop r i a t e cont ro l for a s p e 
cific feedback effect. To put i t i ron ica l ly , i n somniacs w e r e compared 
with n o r m a l s and a dif ference in s l eep onset was found. But again , our 
second study is not an exact r ep l i ca t ion of Sittenfeld et a l . (1976); a l l our 
c r i t i c a l a r g u m e n t s r e s t on the unproved—and the ce r t a in ly w r o n g — a s -
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sumption that both s tud ies a r e c o m p a r a b l e . Both r e s u l t s await an exact 
rep l ica t ion before even ten ta t ive conclus ions a r e p o s s i b l e . 

We conclude in a g r e e m e n t with Johnson (in t h e s e p roceed ings ) , tha t 
a pos i t ive effect of biofeedback p o s t e r i o r the ta r h y t h m with the i n s t r u c 
tion to the subjects to i n c r e a s e the ta s t i l l awai t s e x p e r i m e n t a l suppor t . 

Stoyva (personal communicat ion) noted tha t the " d i s c r e p a n c y between 
the two s o r t s of r e s u l t s is p u z z l i n g , " and that " the t a s k r e m a i n s of defin
ing p r ec i s e ly the condit ions which i m p r o v e the abi l i ty to i n c r e a s e (s leep 
onset) the ta r h y t h m s . One impor t an t poss ib i l i ty may be the n a t u r e of the 
t ra in ing employed in the Sittenfeld et a l . (1976) e x p e r i m e n t . This t r a in ing 
was conceptual ized as the ' shaping of low a r o u s a l ' in which sub jec t s would 
begin with an easy t a sk and then shift to a m o r e difficult one. The s u b 
j e c t ' s f i r s t t a sk was r e l axa t ion of the f o r e a r m ex tensor (1 s e s s i o n ) , next 
re laxa t ion of f rontal EMG (3 s e s s i o n s ) and f inal ly , p roduc t ion of the ta 
EEG (4 s e s s i o n s ) . With such t echn iques , both f o r e a r m and forehead EMG 
va lues fall to v e r y low leve ls (see Sittenfeld e t a l . , 1976 for p r e c i s e d e 
ta i l s on the t r a in ing t echn ique—since the l a t t e r a r e f requent ly c r i t i c a l in 
biofeedback lea rn ing) . I t s e e m s qui te p o s s i b l e tha t m u s c l e r e l axa t ion m a y 
have to be v e r y ex tens ive before the CNS is affected in the d i rec t ion of 
s l eep . Consis tent with such an i n t e r p r e t a t i o n is the e x p e r i m e n t of Hodos 
(1962) who r e c o r d e d EEG changes in 24 ca t s injected with F loxedi l , a 
drug which blocks conduction a t the m o t o r end-p la te and c a u s e s comple te 
re laxa t ion of the e n t i r e s t r i a t e m u s c l e s y s t e m . As hypothes ized , the c a t s 
r egu la r ly showed EEG changes in the d i rec t ion of synchrony and s l e e p . 
Hodos' r e s u l t sugges t s that m u s c l e r e l a x a t i o n , as p roduced by biofeedback 
or o ther t echniques , should be ex tens ive before a shift to e levated the ta 
act ivi ty is l ikely to occu r . " 
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