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Abstract. Time characteristics of lateral-hypothalamic self-stimula- 
tion were analyzed in rats using point process statistics. Inter-bar- 
pressing interval distributions were usually unimodal and asymmetrical 
and resembled shifted exponential distribution, i.e. bar-pressings seem 
to be performed more or less randomly over time. When self-stimulation 
was made ineffective for several seconds after stimulation, the proba- 
bility of bar-pressing increased gradually, i.e. the brain seems to posses 
a system generating time intervals, which tend to reach certain prede- 
termined values. When fixed rations (1 : 2-1 : 5) between rewarded and 
unrewarded bar-pressing were introduced, the animals followed certain 
patterns of alternation of inter-bar-pressing intervals of different dura- 
tion. The mean inter-bar-pressing intervals remained at  ratio 1 : 2 
similar to those, when all reactions were rewarded, they decreased gra- 
dually at rations 1 : 3 to 1 : 5, i.e. the decrease of rewarding rate under 
one third to one half of the initial value is compensated by an increase 
of bar-pressing rate. Alternation of EEG alpha and non-alpha periods 
in human subjects with closed eyes was analyzed as a realization of an 
alternating random point process without and with feedback. The distri- 
bution of alpha periods was in the majority of cases of shifted exponen- 
tial type and their incidence increased when feedback was used. The 
results are explained by means of a hypothesis about two alternating 
discrete states of the brain that correspond to particular levels of 
consciousness. 



INTRODUCTION 

Behavioral events of the instrumental reflex type pioneered by 
Konorski (5, 8) and put into general theoretical frame work by Zerniclri 
(15) and Zieliriski (16) are suitable models for the study of complex 
brain phenomena among other reasons due to the circumstance that 
both stimuli and reactions are well "dated" with respect to the time of 
their appearance. Although the analysis of intrinsic brain mechanisms 
underlying such behavior is still difficult their timing can be studied 
objectively under certain conditions. Irrespective of the descriptive na- 
ture of the results gained in such a way, they might contribute to the 
explanation of the mechanisms of the processes studied. 

This paper concentrates upon phenomena of all or none (binary) 
nature with incidence stationary (in statistical sense) over time, i.e., not 
influenced considerably by fatigue, satiation, adaptation etc. For des- 
cribing and evaluating such phenomena the so called "point process 
statistics" (3) used in neurophysiology mainly for computer processing 
of impulse activity of neurons (10) and dealing with the time instance 
of the occurrence of a certain event only, irrespectively of its other 
possible features, may be adopted. 

We deal with ,two types of such phenomena: self-stimulation of the 
brain with electric current in rat and alternation of EEG alpha and 
non-alpha periods without and with feedback signalization in human. 

ANALYSIS OF SELF-STIMULATION 

The type of behavior studied is self-stimulation of the lateral hy- 
pothalamus by bar-pressing in rats (11, 12). A preliminary report of some 
of,these experiments was published elsewhere (13). Present explanations 
of the intrinsic brain processes playing a role in self-stimulation are 
complex, their explanation more or less hypothetical (9) and we shall 
not deal with them here, limiting ourselves to an operational description 
of the experimental procedure and animal behavior only. 

The naive animal placed in a small box with the lever only presses 
it randomly during the orienting and searching behavior in the new 
environment. Due to the electrode localization, however, brain stimula- 
tion triggers a so called "motivational" process, which influences the 
behavior of the animal in the sense of repeating the bar-pressing reac- 
tions. Thus some type of learning develops and its important aspect 
seems to be the formation of a feedback link between the "motivational" 
process and the specific behavioral reaction. Under favorable conditions 
(suitable electrode localization and stimulation parameters) "learning" 



occurs very fast, within several minutes, the behavioral activity itself 
being considerably stable (stationary) over a long time. 

In this report we analyze: (i) the distribution of moments of self- 
stimulation over time, and (ii) the influence of some reward schedules 
on the distribution of bar-pressing reactions. The instrumentation used 
has been described elsewhere (14). When the lever is pressed, the brain 
is stimulated by 50 Hz AC of a controlled intensity of several tens of 
microamps for 0.5 s approximately. It is necessary to release the lever 
and to push it again to receive a new stimulation. During stimulation 
itself further lever pressings are ineffective (the circumstances related 
to changing the reward schedules will be explained later). The time 
instants of all bar-pressings, which are rewarded by brain stimulation, 
are recorded as uniform pulses on a two-channel1 tape recorder and 
later processed by means of a computer. 

The first question we tried to answer was about the distribution 
of self-stimulating bar-pressings over time. Three unidimensional histo- 
grams of the inter-bar-pressing intervals in a rat each one containing 
1024 intervals (Fig. 1, No. 1, 2,  3) are presented. In this case the histo- 
grams are taken from successive time periods during the same experi- 

N O  OF OCCURR. 

Fig. 1. The inter-bar pressing interval histograms computed from successive time 
periods. The abscissa corresponds to the classes of inter-bar-pressing intervals of 
different lenght (the whole scale being about 10  s), the incidence of intervals 

of certain classes in shown on the ordinate. 



ment and they are remarkably similar, demonstrating the relative 
stability of the distribution of self-stimulation behavior over time. On 
the basis of many similar histograms it is possible to assume that self- 
stimulation neither occurs regularly, nor that alternation of certain 
typical length intervals takes place. The unidimensional inter-bar- 
pressing interval histograms are in the great majority of cases unimodal 
and assymetrical, the the statistical behavior of the system analyzed could 
be at the best approximated by the Poissonian process. However, 
a rigorous statistical analysis of the empirical time series (for instance 
using a X" gives a positive result only in some case. In spite of that it 
seems to be probable that the occurrence of a self-stimulation reaction 
at  a certain moment has a very small predictive value with respect to 
the occurrence of the reactions following after. In other words the bar- 
pressing reaction seems to be performed more or less randomly in time, 
as it would be determined by a kind of random generator triggering 
this type of behavior localized somewhere in the brain. 

Manipulating the reward schedule, however, the type of distribution 
markedly changes. Two types of such experiment's have been performed. 
In the first, a certain time interval has been introduced after each 
brain stimulation lasting either 1.3 or 4.4 s during which bar-pressing 
is ineffective (is not rewarded). The unidimensional interval histograms 
become quite different under this condition (Fig. 2). The distribution 
of intervals shows almost always two different peaks. The localization 
of the second peak of the bimodal histograms depends on the length of 
the artificial "refractory period". I t  corresponds to shorter intervals in 
the case the "refractory period" is shorter (1.3 s in Fig. 2,  histogram 1) 
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Fig. 2. The inter-bar-pressing interval histograms in experiments with artificial 
"refractory period". Denotations as in Fig. 1. 



and to longer intervals when the "refractory period" is longer (4.4 s in 
Fig. 2, histogram 2). Instead of the more or less random distribution of 
bar-pressings over time two definitely different groups of inter-bar- 
pressing intervals appear. Pilot experiments in which the length of the 
consecutive intervals before and after changing the reward scheduie 
have been measured, show that the adaptation to the new condition 
develops very rapidly (during a few minutes). In addition we computed 
crosscorrelation histograms (Fig. 3) reflecting the conditional probability 
of the occurrence of unrewarded bar-pressing during the artificially 
induced "refractory periods" following brain stimulation. 

Fig. 3. The crosscorrelation histogram demonstrating the  occurrence of unrewarded 
bar-pressing af ter  brain stimulation. The  abscissa corresponds to time after brain 
stimulation and the ordinate to the incidence of the unrewarded bar-pressings. 
(Zig-zag line indicates the time of self-stimulation, the straight line the artificial 

"refractory period"). 

These histograms help to understand how intervals of different length 
appear (i.e., unrewarded bar-pressings are distributed in time) with 
respect to the instant of the brain stimulation (i.e., the rewarded bar- 
pressing). The bar-pressings during the artificial "refractory periods" 
are not distributed randomly. The probability of performing the reaction 
gradually increases toward the end of this period. The basic shape is 
similar when the "refractory period" is short (1.3 s) or long (4.4 s). J t  
seems to be clear that in this case the animal rapidly during a few 
minutes (according our orienting experiment) learns to predict with 
a certain probability how long the bar-pressing will be ineffective. The 
brain seems to posses a system capable of generating time intervals 
between triggering a certain behavioral event; such intervals tend to 
reach (with some dispersion) certain predetermined values. 



In the second experiment the reward schedule has been manipulated 
in such a way that brain stimulation did follow bar-pressing not in 
all cases but in a fixed ratio (1 : 2, 1 : 3, 1 : 4, 1 : 5), the length of the 
intervals between the successive reactions not being important. 

The most prominent consequence of this procedure in general is, 
similarly like in the previous case, a tendency of changing the interval 
histograms from unimodal (in the control experiment with ratios between 
bar-pressing and brain stimulation 1 : 1) to bimodal (the histograms look 
like in Fig. 2, histogram No. 1). Bimodal histograms often appear also 
when higher fixed ratios have been used. We did not observe in these 
cases histograms with more than two modes. 

An example of the analysis of the distribution with respect to time 
of the unrewarded bar-pressings in an experiment with fixed ratio 1 : 5 
is shown in Fig. 4. Unidimensional inter-bar-pressing interval histo- 
grams have been computed in these cases in a way shown in the upper 
part of the figure. It is clear that the interval corresponding to the 
instant in time between the peak of histogram A and B is longer than 
the intervals between B and C, resp. C and D. The same is true with 
respect to the interval corresponding to the time from the moment of 
rewarded stimulation to the peak in the histogram (A) of the first un- 
rewarded reaction. 

, In other words in the case of fixed ratios the animal makes a longer 
inter-bar-pressing interval between the first ineffective bar-pressing 
after brain stimulation and the following ones, introducing a certain 
specific pattern of alternation of intervals of different length. I t  is 
worth mentioning that the mean interval length (bar-pressing rate) 
remains in the case of fixed ratio 1 : 2 practically the same in spite of 
the fact that the amount of rewarded brain stimulation decreases to 
50°/o. The bar-pressing rate increases, however, in cases of ratio 1 : 3 
and higher (13). 

These experiments show that the hypothetical motivational process 
possesses the feature of generating repeated signals triggering self- 
stimulation behavior. The whole feedback system seems to work at  the 
same repetition rate, even when a considerable reduction is introduced 
between the specific type of bar-pressing behavior and the hypothetical 
motivational process. However, a decrease of the reward rate under one 
third to one half of the initial value is compensated by an increase of 
the behavior rate. 

The experimental approach mentioned may bring some new informa- 
tion on temporal organization of the motivational brain mechanisin 
underlying self-stimulation and we believe it could be adopted for 
other cases of motivated behavior and instrumental learning. 



Fig. 4. Inter-bar-pressing histograms between the instant of the rewarded reaction 
and the following unrewarded reaction (fixed ratio 1 : 5). T h e  histogram construc- 
tion principle is pictured in the upper part.  A, is the histogram of intervals 
between the rewarded and  the next, i.e., first unrewarded bar-pressing; B, between 

the rewarded and the second following bar-pressing etc. 



ANALYSIS OF EEG ALPHA AND NON-ALPHA PERIODS ALTERNATION 

The second phenomenon studied is the spontaneous alternation of 
EEG alpha and non-alpha periods in humans reiaxing with their eyes 
closed in a dark sound-proof and electrically shielded chamber. The 
origin and functional significance of EEG in general and of alpha acti- 
vity in the first place are complicated and contraversal matters (4, 7) 
and we shall not deal with them here, limiting ourselves again to the 
description of the experimental procedure and some of the results. 

Electrodes were fixed and EEG recorded from 0, position referenced 
to A,. After filtering the activity with 8-12 Hz bandpass filter, histo- 
grams of local EEG extremes have been constructed and their median 
estimated. The treshold corresponding to that median, enables to diffc- 
rentiate between alpha and non-alpha; computerized statistical analysis 
has been performed based on the duration of consecutive alpha and 
non-alpha time periods. The resulting process represents from the sta- 
tistical point of view a special point process characterized by two 
alternating states with instantaneous transitions between them in both 
directions (1, 6 ) .  

Under the described conditions psychic relaxation is combined with 
the appearance of alpha rhythm, whereas mental activity with non- 
alpha intervals. We have found previously that the process of sponta- 
neous alternation of both types of intervals fullfils in majority of cases 
the condition of statistical stationarity. I t  is important to mention that 
the subjects are not aware of their actual EEG. 

Three 15 min consecutive different recordings, divided by short 
interruptions, were run in a single session. Equally remunerated students 
served as subjects. Another session wa's repeated within several days. 
During the first recording the spontaneous alternation of alpha and 
non-alpha periods was recorded. During the second one a low intensity 
tone signaled (as an external feedback signal) the presence of alpha 
activity and the task of the subjects was to maximize its duration. 
During the third trial no external feedback signal was given, but the 
subjects had to try to increase the amount of alpha activity by means 
of any type of internal psychological procedure they were capable. 

The basic finding in all such experiments is that the histograms of 
alpha periods correspond in the majority of cases to a shifted exponen- 
tial distribution (Fig. 5). The statistical distributions of non-alpha periods 
is often more complicated. 

A mathematical model based upon the quequeing theory (1) - we 
shall not deal with in detail - has been adopted to explain this finding. 
Alpha intervals correspond to "non-busy" and non-alpha intervals to 



ALPHA 

Fig. 5. An example of theoretical (dotted line) and empirical (solid line) distribution of alpha intervals duration for 3 diffe- 
rent  sessions in  one subject. 



"busy" periods of the brain during which mental operations are per- 
formed in a sequential way (2), the instance of their appearance being 
random and independent (Poisson process). 

The question whether the "instrumentation" of the alpha and non- 
alpha alternation phenomenon by means of an external or internal feed- 
back loop reinforcing the presence of alpha causes definite changes in 
the time schedule of alternation of both intervals could not be answered 
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Fig. 6. An example of the 'distribution of alpha and non-alpha intervals duration 
for three different situations in one subject. 
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definitely yet. The training interval was probably too short. I t  has been 
found, however, that fullfilling the criterion of shifted exponential 
distribution (Fig. 6 )  increases in the whole group of subjects in cases 
when feedback was used. 

Further experiments are required to test the possibility whether 
different nonrandom time schedule generation mechanism controlling 
the flow of brain processes responsive for alternation of alpha and 
non-alpha periods as well as mental states linked to them can be built 
up by certain types of instrumental conditioning procedures and other 
similar approaches (Fig. 7). 
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