
Beta Brain Waves 

as an Index of Alertness 

Abstract. Reaction times of human sub- 
jects are reliably shorter when the signal 
to respond is given during spontaneous 
low voltage, fast (beta) brain waves than 
they are when the signal is given during 
spontaneous alpha waves. The mean dif- 
ference of 12 milliseconds is, however, 
trivial in comparison to the advantage to 
be expected from forewarning. 

The alpha rhythms of Berger are a 
reliable, although in some persons and 
under some conditions not infallible, in- 
dex of relaxed waking; the beta rhythms 
are typical of alertness and active re- 
sponse (1). Further, the alpha cycle, 
at least, reflects an excitability cycle 
which has been demonstrated by thresh- 
olds of cortical responsiveness (2), re- 
action times (3), and accuracy of per- 
ception (4)-all three showing that peak 
excitability occurs with the depolariza- 
tion or surface-negative phase of cor- 
tical activity. A similar excitability cycle 
for the high-frequency beta waves has 
been hypothesized as a possible ex- 
planation of the associated alertness. 
The speculation is that peak excitability 
periods recur so rapidly as to be effec- 
tively continuous (5). 

Reaction time, too, is an index of 
alertness, and has been known for a 
long time to be a function of the dura- 
tion of the foreperiod-the interval be- 
tween "ready" and "go" (6). The opti- 
mum foreperiod has been shown to be 
1 to 2 seconds. Perhaps beta waves are 
invariably present during this optimum 
foreperiod, and not always present dur- 
ing longer or shorter foreperiods, but 
this conjecture has not been studied 
adequately. Lindsley, however, has re- 
ported that in a study of reaction time 
in which one of the test conditions was 
omission of the "ready" signal-essen- 
tially a condition of a long and variable 
foreperiod-he found no difference be- 
tween the trials in which his subjects, 
when signaled, were showing alpha ac- 
tivity and the trials in which they were 
showing beta activity (5). If this finding 
can be verified, then one may question 
whether alpha and beta waves per se 
are of differential importance to brain 
functioning, although they could still be 
useful superficial indices. 

In the present study the reaction 
times of 20 young men and women, 
who were asked to press a button in 
response to a light flash, were meas- 
ured. The flash was presented without 
forewarning and during limes when the 
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subjects were exhibiting spontaneously 
either alpha or beta waves. The experi- 
ment was conducted in a darkened, 
quiet room. During the 30 minutes in 
which the subjects were becoming ac- 
customed to the dark, they were fitted 
with electrodes placed bilaterally over 
the visual, motor, and frontal cortical 
areas, and with a muscle electrode, for 
recording the onset of contraction, 
placed over the digitorum profundus of 
the dominant arm. Brain activity of the 
right visual cortex was led off from the 
amplifier of the electroencephalograph 
and fed simultaneously into a monitor- 
ing oscilloscope and a trigger mecha- 
nism (4), which provided an electronic 
feedback system. The system enabled 
the experimenter to use the subject's 
brain rhythms to trigger stimuli during 
any preselected phase of any preselect- 
ed frequency of the brain rhythm. Such 
frequencies used for both alpha and 
beta waves were the dominant ones of 
each subject, individually. The prese- 
lected phase settings were aimed at en- 
suring that the neural activity from the 
retina arrived at the occipital cortex co- 
incidentally with peak cortical excita- 
bility. The light was set to emit a 10- 
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psec flash 40 msec prior to peak corti- 
cal excitability; this relation can be seen 
in the stimulus artifact in the upper 
right-visual-to-vertex trace of Fig. 1. 

We recorded activity of the six cor- 
tical areas, muscle activity of the digi- 
torum profundus, signal flash, and 
closure of the subject's response switch 
(Fig. 1). Reaction times were scored 
for those trials in which the signal flash 
was unequivocally within an interval 
of alpha or beta activity, as called for 
on a predetermined random schedule. 
Forty scorable responses were obtained 
for each subject for each brain wave 
pattern. 

The mean reaction time, from signal 
flash to switch closure, during beta ac- 
tivity was 221 msec, and during alpha, 
233 msec. The 12-msec difference is 
reliable (F = 35.8; df = 1, 19; p < 
.001). For 18 of the 20 subjects, mean 
reaction times were faster during beta 
activity than during alpha. For 14 of 
the 20 subjects individually, the mean 
reaction times were reliably different 
(p's < .05); all of these favored beta. 

The mean reaction time, from signal 
flash to the first detectable response of 
the digitorum profundus, during beta 
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Fig. 1. Samples from the record of subject No. 14 showing a trial during alpha activity 
(top) and a trial during beta activity (bottom). The electroencephalographic tracings 
from the frontal and motor cortex electrodes have been trimmed off. EMG, 
electromyogram; LV-VERT, left visual to vertex; RV-VERT, right visual to vertex. 
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activity was 160 msec, and during al- 
pha, 171 msec. The difference, 11 msec, 
is so nearly the same as that for the 
means for switch closure as to force 
the conclusion that all of the time ad- 
vantage of the beta condition was prior 
to the muscle activity. 

A 12-msec difference in reaction la- 
tency is not a long time. In conditions 
similar to ours, Lindsley (5) reported a 
saving of 74 msec by use of a fore- 
period of 0.3 to 1 sec compared with 
the unspecified foreperiod produced by 
omitting the "ready" signal. Telford 
(6) found that foreperiods of 1 and 2 
sec produced reaction times of 90 msec 
less than foreperiods of 0.5 sec. Wood- 
row (6) reported 60-msec savings when 
he compared foreperiods of 2 sec with 
foreperiods of 24 sec. Clearly, the alert- 
ness indexed by beta waves, if alert- 
ness it is, is not the magnitude of alert- 
ness caused by optimal forewarning. 

But in spite of being small, the dif- 
ference of 12 msec is real, and we 
propose two alternative explanations. 
The first is that there is no fundamental 
difference between the alpha and beta 
reaction times, but that we were more 
successful in hitting the exact peak of 
excitability in beta than in alpha. Lind- 
sley's failure to find a difference be- 
tween spontaneous alpha and beta re- 
action times is irrelevant here because 
he did not control for the phase of the 
excitability cycle. But against this pos- 
sibility of no fundamental difference is 
the fact that intraindividual variability 
of beta frequencies is greater than the 
variability of alpha frequencies. Our ex- 
perimental error should thus have re- 
duced, rather than produced, the beta 
advantage. 

The second possibility is that the 
beta advantage comes from an accumu- 
lated effect of interneural facilitation 
produced by heightened activity in the 
reticular activating system. There is 
considerable evidence that the reticular 
system is responsible for beta waves 
(7) and that it effects interneural facili- 
tation (5, 8). We know of no contra- 
dictory evidence, but clarification must 
await an improvement of technique 
which will insure hitting the peak ex- 
citability of both alpha and beta 
rhythms. 
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Action of Acetylcholine on 

Bivalve Hearts 

Abstract. The isolated hearts of a com- 
prehensive selection of bivalves were tested 
to determine the distribution of the ex- 
citor and depressor effects of acetylcho- 
line. No broad relationships are obvious 
although some intrafamily uniformity of 
response exists. The hearts of most species 
were both excited and depressed, prob- 
ably by separate actions of acetylcholine. 
From these data we can conclude that 
bivalve heart muscle conforms closely to 
other molluscan muscle in its pharmaco- 
logical reactions to acetylcholine. 

The depressor effect of acetylcholine 
on most bivalve hearts and its excitor 
effect on hearts of Mytilus species are 
well known (1). Pilgrim has also found 
that some bivalve hearts are depressed 
at low concentrations and excited at 
high concentrations of acetylcholine (2). 
A similar "combination response" has 
been recorded from hearts of Spisula 
solidissima (3) and Anodonta cygnea 
(4). 

We observed the effects of acetylcho- 
line on the isolated ventricles of 39 
species from 20 families, in order to de- 
termine the distribution of responses 
within the class Bivalvia. Most hearts 
were isolated in water-jacketed baths 
with tension applied between the auri- 
cles (5), but the atypical construction 
of ostreid and anomiid hearts does not 
allow such an arrangement. In these 
animals the heart was stretched in the 
direction of the normal beat. Tempera- 
ture was controlled throughout each ex- 
periment. The perfusion fluid for ma- 
rine species was either natural or arti- 

References and Notes 

1. R. J. Ellingson, Psychol. Bull. 53, 1 (1956). 
2. G. H. Bishop and M. A. Clare, Electroen- 

cephalog. Clini. Neurophysiol. 4, 321 (1952). 
3. R. W. Lansing, ibid. 9, 497 (1957) 
4. R. S. Boswell, Ph.D. thesis, Univ. of Utah 

(1958). 
5. D. B. Lindsley in Henry Ford International 

Symposium: The Reticular Formation of the 
Brain, H. H. Jasper et al., Eds. (Little, 
Brown, Boston, 1958), pp. 518-534. 

6. C. W. Telford, J. Exptl. Psychol. 14, 1 (1931); 
H. Woodrow, ibid. 1, 285 (1916). 

7. G. Moruzzi and H. W. Magoun, Electroen- 
cephalog. Clin. Neurophysiol. 1, 455 (1949). 

8. W. W. Chambers, M. Levitt, M. Carrerar, 
C. N. Liu, Science 132, 1489 (1960); R. 
Granit, Receptors and Sensory Perception 
(Yale Univ. Press, New Haven, 1956); A. A. 
Ward, Sr., in Henry Ford International Sym- 
posium: The Reticular Formation of the Brain, 
H. H. Jasper et al. Eds. (Little, Brown, Bos- 
ton, 1958), pp. 263-273. 

5 March 1962 

Action of Acetylcholine on 

Bivalve Hearts 

Abstract. The isolated hearts of a com- 
prehensive selection of bivalves were tested 
to determine the distribution of the ex- 
citor and depressor effects of acetylcho- 
line. No broad relationships are obvious 
although some intrafamily uniformity of 
response exists. The hearts of most species 
were both excited and depressed, prob- 
ably by separate actions of acetylcholine. 
From these data we can conclude that 
bivalve heart muscle conforms closely to 
other molluscan muscle in its pharmaco- 
logical reactions to acetylcholine. 

The depressor effect of acetylcholine 
on most bivalve hearts and its excitor 
effect on hearts of Mytilus species are 
well known (1). Pilgrim has also found 
that some bivalve hearts are depressed 
at low concentrations and excited at 
high concentrations of acetylcholine (2). 
A similar "combination response" has 
been recorded from hearts of Spisula 
solidissima (3) and Anodonta cygnea 
(4). 

We observed the effects of acetylcho- 
line on the isolated ventricles of 39 
species from 20 families, in order to de- 
termine the distribution of responses 
within the class Bivalvia. Most hearts 
were isolated in water-jacketed baths 
with tension applied between the auri- 
cles (5), but the atypical construction 
of ostreid and anomiid hearts does not 
allow such an arrangement. In these 
animals the heart was stretched in the 
direction of the normal beat. Tempera- 
ture was controlled throughout each ex- 
periment. The perfusion fluid for ma- 
rine species was either natural or arti- 
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tion made with 1 0-M Na2HPO4 (pH 
7.6) was used. The isolated hearts of 
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many species were quiescent and were 
induced to beat with 5-hydroxytrypta- 
mine (10-7 to 10-5M). Heart beat was 
recorded by means of an isotonic lever 
on a smoked drum; tension on the lever 
was varied between 200 and 1000 mg, 
depending on the size of the heart. 

The responses do not appear to be 
distributed phylogenetically (Table 1). 
Thus, depressor, excitor, and combina- 
tion effects occur both in the Pteriomor- 
phia (7) and Lamellibranchia and in 
both primitive forms (Glycymeris, Car- 
dita) and highly evolved forms (Chla- 
mys, Panope). No depression was ob- 
served in the Protobranchiata. Also, no 
correlation exists between effect and 
such nrorphological features as relative 
size of adductors, symmetry of body 
and mantle/shell (8), or condition of 
the gills. Finally, there is no relationship 
between response and physiological or 
ecological factors such as activity, bur- 
rowing and boring, attachment -to sub- 
strate, mode of feeding, or exposure 
during low tides. 

Although there are no broad syste- 
matic relationships correlated with the 
acetylcholine responses, there is some 
uniformity within families. The vene- 
rids, which have been widely studied, all 
have low thresholds (10-1 to 10-8 M) 
and for the most part show no excita- 
tion. Pilgrim (2) obtained similar re- 
sults from hearts of Dosinia anus, Pro- 
tothaca crassicosta, and Chione stutch- 
buryi. The Mactridae show only the 
combination response to acetylcholine. 
This is also true for the family Amphi- 
desmatidae (Mactracea) (2). Charac- 

teristically, hearts from the family My- 
tilidae have high thresholds (5 X 10-8 to 
to 2 X 10-6 M) and excitation predomi- 
nates. Ostreid hearts have equally high 
thresholds but no typical excitatory re- 
sponse ever occurs. Frequency always 
decreases but amplitude changes are 
variable. Similar effects have been noted 

for Ostrea hefjerdi (2), Ostrea laperou- 
sei (9), and Crassostrea angulata (10). 
The striking uniqueness of the responses 
of the oysters and mytilids relative to 
the responses of other Pteriomorphia 
would tend to support Cox's raising of 
these two groups to the ordinal level (7). 

Two general statements can be made 

regarding the distribution of these ace- 
tylcholine responses. First, there are 
very few species in which concentrations 
of acetylcholine lower than those pro- 
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ducing excitation did not result in de- 
pression. Even in Mytilus edulis and 
Modiolus modiolus some depression was 
observed in most of the hearts tested. 
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