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CHAPTER I 

INTRODUCTION 

Habituation, when defined as a response decrement due to repeat

ed stimulation, is one of the more ubiquitous forms of behavioral 

plasticity (Groves & Thorpson, 1970; Harris, 19^3; Humphrey, 1933; 

Sharpless & Jasper, 1956; Thonpson & Spencer, 1966). The fact that 

such decrements occur in almost every species studied (Harris, 19^3), 

plus its obvious impori^ance for survival of the organism (G laser 

1966; Sharpless & Jasper, 1956), suggests that this phenomenon is a 

basic property of animal behavior. Some investigators (Thorpe, 1956; 

Grossman, 1969) have suggested that habituation may be an elementary 

form of learning in that an organism learns not to respond to a non-

reinforced stimulus. Regardless of whether this viefj is correct, a 

greater understanding of habituation could lead to increased knowledge 

about other forms of behavioral plasticity. 

Characteristics of Habituation 

Although habituation is a process characteirlstic of the central 

nervous system of vertebrates and invertebrates (Harris, 19^3)j the phe

nomenon has also been observed in sani-intact invertebrates and spinal-

Ized cats (Peretz, 1970; Pinsker, Kupfermann, Castellucci, & Kandel, 

1970; Thofipson & Spencer, 1966). Thus an intact central nervous sys-

ton is not a prerequisite for the occurrence of habituation. It is 

generally assumed (Grossman, 1969), however, that habituation involves 
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some active inhibition of a response rather than fatigue of a neural 

mechanism. The degree of decrement is a function of such factors as 

(1) the strength, frequency, and conplexity of the stimuli; (2) the 

sensory modality stimulated; (3) recovery time; W the type of res

ponse; and (5) the species. The effects of habituation may be prolong

ed but are not permanent, and the progressive decrement can be revers

ed (dishabituated, sensitized) by the introduction of a period of rest, 

presentation of a novel stimulus, or the administration of certain 

drugs. Both behavioral and neurophysiological responses have been 

shown to habituate (Harris, 19^3; Thompson & Spencer, I966; Sharpless 

& Jasper, 1956; Glickman & Feldman, 196I; Ursin, Wester, & Ursin, 1967; 

Groves & Thonpson, 1970). 

Thonpscyi and Spencer (1966) have identified the following stimu

lus and training variables as characteristic of habituation: 

1) Given that a particular stimulus elicits a response, 
repeated applications of the stimulus result in decreas
ed response (habituation). The decrease is usually a nega
tive e:q)onential function of the nuntoer of stimulus pre
sentations . 
2) If the stimulus is witheld, the response tends to re
cover over tiire (spontaneous recovery). 
3) If repeated series of habituation training and spon
taneous recovery are given, habituation becanes successively 
more rapid (this might be called potentiation of habitua
tion. 
^) Other things being equal, the more rapid the frequency 
of stimulation, the more rapid and/or more pronounced is 
habituation. 
5) Ihe weaker the stimulus, the more rapid and/or more 
pronounced is habituation. Strong stimuli may yield no 
significant habituation. 
6) The effects of habituation training may proceed beyond the 
zero or asynptotic response level. 
7) Habituation of response to a given stimulus exhibits 
stimulus generalization to other stimuli. 



8) Presentations of another (usually strong stimulus results 
in recovery of the habituated response (dishabituation). 
9) Upon repeated application of the dishabituatory stimu
lus, the amount of dishabituation produced habituates (this 
might be called habituation of dishabituation). (Thonpson 
& Spencer, 1966, pp. 18-19) 

Since these general characteristics of behavioral and neuro

physiological habituation exist in a wide variety of animals and res

ponses, Thompson and Spencer (1966) suggest that they serve as a de

tailed operational definition of habituation. Unfortunately, other 

decremental process (discussed belcw) may also conform to these nine 

characteristics. 

Problems in Defining the Decrement Process 

Depending on the theoretical context implied by the author, res

ponse decrements have also been described in terms of fatigue, adap

tation, inhibition, extinction, stimulus satiation, reactive inhibi

tion, neural fatigue, action decrement, boredon, and others. Some of 

these constructs have been used to describe almost ary kind of decre

ment; others refer to specific situations. For example, fatigue has 

been used subjectively to describe feelings of boredom or disinterest 

and objectively to describe a reduction of work output (Bills, 1934), 

or a fading of evoked responses in the brain (Delgado, 1959). Extinc

tion generally presupposes prior training or conditioning, and should 

be used in that context. Action decronent has been substituted for 

such constructs as stimulus satiation, reactive inhibition, and habi

tuation (Walker, 1958). Thonpson and Spencer (1966) have pointed 

out that, at the operational level, such terms as adaptation, accom

modation, fatigue, inhibition, extinction, negative learning, stimulus 



satiation, etc., differ little from that of habituation. At the 

neurophysiological level, however, Sharpless and Jasper (1956) point 

out that habituation differs from both sensory adaptation and nerve 

accorrmodation in that the former develops even when long time periods 

intervene between successive stimulus presentations and the effects 

may last for days. Grossman (1969) states that adaptation, unlike 

habituation, occurs after prolonged stimulation of a sensory receptor 

or sensory pathway and represents exhaustion or fatigue of the neural 

mechanism (i.e. neural fatigue). 

Habituation and Fatigue 

The foregoing discussion indicates that many of the terms used 

to describe the decrement process have been poorly defined and loosely 

applied. Decreased responding may in fact be due to the simultaneous 

interaction of several processes, most important of v/hich are fatigue 

and habituation. The tendency to use these terms synonymously or to 

describe response decrements in terms of a single process results from 

the difficulty in separating the complex interactions. However, as 

errphasized by Harris (1943), the distinction between fatigue and 

habituation is irrportant: 

Granting, let us say, that habituation and fatigue 
in a broad sense exist as Justifiably separated categories, 
one is often at a loss to distinguish the effects of the 
two processes upon a particular response. A close inspec
tion of the term fatî nae reveals, indeed, a state hardly 
less confused than that of habituation. Yet there is no 
doubt that, where the two can be distinguished, it is in
cumbent on the experimenter to tease out the separate 
effects; and further, it is certain that until this has 
been done no psychologizing can be attempted, i.e., the 
constants of the mathematical relation betv;cen stir.uli 
and response cannot be derived. (Harris, 1943, p. 387) 



In the present research two broad categories of decrement are 

differentiated.^ Habituation refers to that response decrement in

duced by continuous or repeated stimulation, independent of the res

ponses elicited by that stimulation and exclusive of permanent tissue 

damage or receptor adaptation. Fatigue refers to those temporary 

response decrements produced by the act of responding, independent 

of both stimulation and reinforcement contingencies. These defini

tions do not preclude the possibility of other factors affecting the 

decrement process. However, it is hypothesized that fatigue and 

habituation are independent processes, even though both may be acting 

at the same time to reduce responding. 

Research Problem 

A neglected area of research has been the habituation of responses 

induced by intracranial stimulation (ICS) of the brain. Nevertheless, 

it is well known that repeated or constant electrical brain stimulation 

to the same central locus often results in a decrement of the response 

induced by that stimulation (Delgado, 1959; Doty, 1969). There has 

been a reluctance, however, to refer to this type of decronent as habi

tuation. An exception has been the work of Glickman and Feldman (196I) 

in which they described the habituation of cortical arousal by electri

cal stimulation of the brainstem. Ursin, Webster, & Ursin, 1967; 

^The author is indebted to Dr. Richard H. Carlson for the formu
lation and definition of the concepts of fatigue and habituation 
here stated and for collaboration in devising research procedures 
which would differentiate the two phenomena. 



Carlson, 1971; Carlson, Kott, & Cain, 1970) that stimulation of 

the hypothalamus and adjacent areas of chronically Implanted Blacktail-

ed prairie dogs results in a variety of responses suitable for the 

stu^ of habituation; these include gnawing, locomotor activity, nest-

building, motor responses, and vocalizations. Gnawing is particularly 

suitable for stu(^ of response decrement since the contributions of 

both fatigue and habituation to the decrement process are likely to 

be extensive. Cain et̂  al (1971) reported that constant stimulation 

to the hypothalamus of prairie dogs resulted in a gnawing decrement 

which exhibited many of the characteristics commonly observed (Thompson 

& Spencer, 1966) for habituation of peripherally evoked stimuli. Ihe 

present research was designed to investigate the relative effects of 

habituation and fatigue on gnai^ng induced by both constant and inter

mittent brain stimulation. 



CHAPTER n 

METHODS AND PROCEDURES 

Subjects 

Ihe Ss (subjects) were eight chronically implanted adult Black-

tailed prairie dogs (Qynonys ludovicianus) trapped near Lubbock, Texas. 

The animals weighed 790-1260 gm. with a mean weight of 1010 ^. All 

Ss had previously exhibited reliable gnawing on two daily stimu

lation tests. Both food and water were available ad lib. Food cor^ 

sisted of Purina ̂ t chow, and water was available in standard rodent 

drinking tubes. Lighting and tenperature within the laboratory was 

regulated automatically. 

Surgery and Histology 

Using a C.H. Stoelting stereotaxic instrument and a brain 

atlas developed by Carlson and Kott (1970), three pairs of bipolar 

electrodes were Implanted in hypothalamic structures previously shown 

to result in gnawing when stimulated (e.g., lateral hypothalamus). 

The electrodes were constructed from teflon-coased, stainless steel 

wire (32-gauge) with insulation removed 0.4 nm. from the tips; the 

tips of each electrode were separated by a distance of 1.5 mm. Stain

less steel v/ire (uninsulated, 32 gauge) sewn into the neck and terrpor-

al muscle served as an indifferent electrode. All electrodes were 

soldered to contacts on a miniature socket (Winchester SRE7SJ). 

Small stainless steel screws were fastened to the skull and the socket 

embedded in dental cement. Surgery took place under Nembutal anesthesia 
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(0.7 mg/kg), and a minimum of two weeks were allowed for recovery. 

After completion of the experiment the animals were sacrificed 

and perfused with lOJg formalin and physiological saline. In order to 

determine electrode placements, the brains were removed, cut in frozen 

sections, and stained with cresyl violet. 

Apparatus 

The testing chamber consisted of a small Plexiglas box (34 x 

25 X 66 cm.) with an open top to allow for free movement of the stirau-

laticai wires attached to a mercury commutator above. The gnawing ob

jects were 21 loose, white pine blocks (7-5 x 1.3 x 2.0 cm.) placed 

on the grid floor of the apparatus. Stimulation and recording equip

ment were placed in a room adjoining that of the test chamber, and 

the prairie dogs were observed through a one-way glass. 

Grass Models SD9 and SD5 squarewave stimulators delivered ICS in 

the form of balanced pulse pairs of 1 msec, duration with alternating 

polarity at a frequency of 100 pulse pairs per second; the interval 

between alternate pulses was 5 msec. A 220,000 ohm resistor was 

placed in series with the animal in order to minimize current fluc

tuations . Voltage and current was monitored on a Tektronix Type 502A 

dual beam oscilloscope. 

The time gnawing was recorded by an observer operating a micro-

switch which activated a half-second counter programned in conjunction 

with a printout counter set to print every 30 seconds. Thus, response 

measurements involved the number of half-seconds gnawing during suc

cessive 30 sec. periods. The reliability of these measures was checked 



9 

by the addition of a second microswitch, which allowed for simultaneous 

recording of responses by two observers. 

Pretesting 

All Ss received five, daily 10-mln. adaptation sessions in the 

apparatus prior to treatment. Immediately proceeding each treatment 

each Ŝ  was placed in the apparatus for a 10-min. period to test 

for spontaneous gnawing. Ss that gnawed without ICS were discarded. 

Gnawing thresholds were determined for each animal by first adminis

tering ICS at 0.6 volts and then increasing the stimulation until gnaw

ing was first observed. Next, the Ŝ  was given a series of 30-sec. 

stimulation trials with 3 minutes between trials. On the first trial 

the voltage was set 0.5 volts below threshold and increased in 0.2-volt 

steps on subsequent trials until gnawing occurred 25 or more seconds 

durir^ a 30-sec. trial. Ihe amperage of this "criterion" trial was 

used for the remainder of the experiment. Current levels ranged from 

0.024 ma. to O.O83 ma. (rms). 

Testing 

All Ss received four treatment conditions, each of which was fol

lowed by a test session consisting of six, 1-min. stimulation periods. 

Ftorty-eight hours was allowed for recovery between treatments, and 

counteriDalancing was such that each treatment always preceeded and 

followed a different treatment (Edwards, 1954). 

Fbr Conditions I and II stimulation was administered in ten, 

1-min. trains, each separated by a 1-min. interstimulation period. 

Thus stimulation was intermittent (one minute on, one minute off). 
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with a total time stimulated of 10 minutes. Stimulation was admin

istered continuously as a single 10-min. train in Conditions III-IV. 

The total time stimulated, therefore, was the same for all treatment 

conditions and differed only in the method of administration; i.e., 

whether it was given continuously or Intermittently. 

In both Conditions II (intermittent ICS) and Condition IV (con

tinuous ICS), the animal was prevented from gnawing by means of a head 

restrainer. This restrainer consisted of a pulley arrangement and a 

nylon cord attaclied to the plug on the animal's head such that, except 

for the ability to reach the gnawing blocks, the S_ had corrplete move

ment in the test chamber; the E (experimenter) controlled the restrainer 

from the observation room. The animals were free to gnaw during Con

dition I (intermittent ICS) and Condition III (continuous ICS). 

A test session in which the Ŝ  was free to gnaw during stimulation 

followed each treatment condition. For the intermittent treatments 

(CorxHtions I-II), the test was sirrply an extension of the intermittent 

train for a total of six additional minutes of stimulation. In the 

treatments involving continuous stimulation (Conditions III-IV), the 

ICS was continued an additional minute followed by five minutes of 

intermittent stimulation as in Conditions I-II. Thus each test con

sisted of a total of six minutes of stimulation after each treatment 

condition. 



CHAPTER III 

FINDINGS AND INTERPRETATIONS 

Histology 

Table 1 indicates the location of electrode placements and the 

current intensities used to elicit the response. All electrodes were 

either located directly in the lateral hypothalamus or in the zona in-

certa Immediately adjacent to the lateral hypothalamus. Electrodes 

within the zona incerta ranged from 0.1 mn to 0.5 mm dorsal to the 

lateral hypothalamus (Table 1). 

Results 

The dependent variable recorded was the time gnawing during test

ing. The independent variables included the type of stimulation (in

termittent vs continuous), time stimulated, and restraint from gnawing 

(restrained vs unrestrained). Because of the change fron continuous 

to Intermittent stimulation during testing under Conditions III and 

IV, it was necessary to analyze the first minute and last five minutes 

of testing separately. The basic statistical test used for these 

analyses was the randomized block factorial analysis of variance (Kirk, 

1968). A t-ratio for related measures (Guilford, 1965) was used for 

pre-planned individual comparisons between specific treatment conditions. 

The level of significance for rejection of the null hypothesis was set 

at .05. 

First Minute of Testing 

The results of the analysis of variance for the first minute of 

11 
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TABI£ 1 

HISTOLOGY AND CURRENT INTENSITY 

Animal Current (ma) Histology 

71 0.026 Zona incerta, 0.4 nm dorsal to 
lateral hypothalamus 

72 0.035 Lateral hypothalamus 
73 0.034 Lateral hypothalamus 
74 0.034 Lateral hypothalamus 
77 0.031 Lateral hypothalamus 
80 0.083 Zona incerta, 0.1 nm dorsal to 

lateral hypothalamus 
81 0.046 Zona incerta, 0.5 r^ dorsal to 

lateral hypothalamus 
84 0.024 Lateral hypothalamus 
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ICS following the four treatment conditions are presented in Table 2. 

More gnawing occurred with intermittent than with continuous stimula

tion (P=12.310, df^]/21, p<.005) and when restrained as opposed to 

unrestrained (1^13-351, df=l/21, p<.005). No significant interaction 

effect between treatment conditions was noted, although the individual 

differences among the Ss were reflected by a significant blocks effect 

(Ifell.376, df^7/21, p<.005). 

In order to ascertain fatigue and habituation effects, caiparisons 

between separate treatment conditions were necessary. For both inter

mittent and continuous stimulation, more gnawing occurred when the 

animals were previously restrained from responding during the treat

ment condition (t=2.80, df=7, p< .025, one-tailed; t=3.26, df=7, p<.01, 

one-tailed, respectively). More gnawing occurred when stimulation was 

administered intermittently while restrained than when given contin

uously and restrained (t=1.91j df=7, p<.05, one-tailed). Similarly, 

more gnawing occurred when the animals were unrestrained and given 

intermittent stimulation than when unrestrained and given continuous 

stimulation (t=3.27, df=7, p<.01, one-tailed). (Figure 1) 

Last Five Minutes of Testing 

Ihe results of the last five minutes of testing are sunmarized 

in Tables 3-4 and Figures 2-3- Analysis of variance (Table 3) in

dicated significant differences between restrained and unrestrained 

conditions (F=4l.753, df=l/133, p<.01); i.e., more responding occur

red during testing when the animals were previously restrained from 

gnawing. Figure 2 shows that restraint prior to testing resulted in 
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TABLE 2 

ANALYSIS OF VARIANCE SOURCE TABLE FOR 
FIRST MINUTE OF TESTING 

Source 

Blocks 

Treatments 
A (ICS) 
B (Restrained) 
AB 

Residual 
Total 

SS 

2309.500 

7478.250 
3570.000 
3872.000 
36.120 

6090.250 
36662.000 

df 

7 

3 
1 
1 
1 

21 
31 

MS 

3299.071 

3570.000 
3872.000 
36.120 

290.012 
1182.645 

F 

11.376* 

12.310* 
13.351* 
0.124 

«p<.005 
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Figure 1. Mean time responding as a function of the type of stimu
lation administered during the first minute of testing. "Restrained" 
and "Unrestrained" refer to the treatment conditions prior to testing. 
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TABLE 3 

ANALYSIS OF VARIANCE SOURCE TABLE FOR 
LAST FIVE MINUTES OF TESTING 

Source 

Blocks 

Treatments 

A (ICS) 
B (Restrained) 
C(Tlme) 
AB 
AC 
BC 
ABC 

Residual 

Total 

SS 

116604.643 

24958.118 

12.656 
15661.806 
6328.836 
975.156 

1077.810 
634.788 
267.067 

49888.731 

191451.493 

df 

7 

19 

1 
1 
4 
1 
4 
4 
4 

133 

159 

MS 

16657.806 

12.656 
15661.806 
1582.209 
975.156 
269.453 
158.697 
66.765 

375.103 

F 

44.408* 

0.033 
41.753* 
4.218* 
2.599 
0.718 
0.423 
0.177 

»p<.01 
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TABLE 4 

SIMPLE MAIN EFFECTS ANALYSIS OF VARIANCE FDR 
ICS X RESTRAINED INTERACTION DURING LAST 

FIVE MINUTES OF TESTING 

Source SS df r̂IS 

ICS X Restrained 605.OOO 1 6O5.OOO 1.612 
ICS X Unrestrained 382. 8l2 1 382.812 1.020 
Restrained x Intermittent ICS 12226.512 1 12226.512 32.595* 
Restrained x Continuous ICS 4410.450 1 4410.450 11.757* 

»p<.01 
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greater gnawing regardless of whether stimulation was administered 

continuously or intermittently. However, the overall effects of 

the type of stimulation proved insignificant (Table 3). A significant 

decrement in responding occurred over the last five minutes of test

ing (F=4.2l8, df*4/133, p<.01), and a significant blocks effect 

(F^44.408, df^7/133, p< .01) reflected the Individual differences 

among the subjects. With the exception of the AB (ICS x Restraint) 

interaction (F=2.599, df=l/133, p< .25) (Figure 3), none of the 

interaction effects ̂ preached significance (Table 3). An analysis 

of the sirrple main effects of the ICS x Restraint interaction (Table 

4, Figure 3), again, indicated that restraint had a greater overall 

effect on gnawing than the type of stimulation. 

Simultaneous experlTenter/observer measuronents of gnawing re

corded during six minutes of testing on four separate occasions by 

four different observers yielded correlation coefficients in the 

0.98-0.99 range (Spearman's rho). 

Figure 2 indicates that a separate analysis of the first minute 

of testing was Justified. For those conditions involving prior treat

ment with continuous stimulation (Conditions III-IV), more responding 

occurred during the second minute of testing when the stimulation 

was switched from continuous to intermittent than during the first 

minute of testing with continuous stimulation (Figure 2). Further, 

the amount of responding during the first minute of testing following 

Condition I (intermittent ICS, unrestrained) differed little from that 

of the second minute of testing after Condition III (continuous ICS, 
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unrestrained), and the first minute of testing after Condition II 

(intermittent ICS, restrained) yielded results caiparable to those 

obtained during the second minute of testing following Condition IV 

(continuous ICS, restrained). 

Discussion 

These results demonstrate that ICS-lnduced response decrements 

may be a function of both fatigue and habituation. The extent of decay 

over time was found to be a function of the type of stimulation admin

istered (i.e., intermittent or continuous) and the amount of responding 

allowed prior to testing. Intermittent stimulation resulted in more 

responding than continuous stimulation, and restraint prior to testing 

(Conditions II and IV) resulted in greater responding than when the 

animals were free to gnaw (Conditions I and III) (Tables 2-3). These 

data are best understood by consideration of the major factors oper

ating during each pretest treatment condition; these may be summarized 

as follows: 

(1) Condition I (intermittent ICS, unrestrained)—^habituation, 

fatigue 

(2) Condition II (intermittent ICS, restrained)—habituation. 

(3) Condition III (continuous ICS, unrestrained)—^habituation, 

fatigue. 

(4) Condition IV (continuous ICS, restrained)—^habituation. 

When the animals were stimulated while restrained from responding 

only habituation could occur, whereas when the animals were unrestrained 

both habituation and fatigue were operating. Since the time stimulated 
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was identical for all treatment conditions, a comparison of the res

trained with the unrestrained conditions is indicative of fatigue 

effects. If fatigue was not a factor in the observed decrements, no 

significant differences between the restrained and unrestrained con

ditions would be expected. 

Habituation effects were dependent upon the type of stimulation 

administered. A ccrrparison of Condition II (intermittent ICS, res

trained) with Condition IV (continuous ICS, restrained) revealed a 

greater habituatory effect with continuous stimulation (Figure 1). In 

both cases the animals were prevented from responding while stimulated, 

therefore, no fatigue occurred, and only the type of stimulation dif

fered. Ihe greater responding with intermittent stimulation may be 

ê qjlained in terms of recovery between successive stimulation trains 

or by the change in stimulus conditions characteristic of the on-off 

pattern of intermittent stimulation (i.e., dishabituation or sensiti

zation). One of the general characteristics of response decrements is 

spontaneous recovery after a period of rest (Thompson & Spencer, 1966). 

"Rest" would correspond to the "off" phase of the Intermittent stimu

lation. However, recovery during rest does not adequately explain 

the increased responding which occurred when the ICS was shifted from 

continuous to intermittent stimulation (Figure 2). In the case of 

continuous stimulation only a single one-minute rest period occurred 

inmediately prior to the change in stimulation, whereas many rest 

periods occurred in the case of Intermittent stimulation. Despite 

the greater number of rest periods with intermittent stimulation 
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(Conditions I and II), the shift from continuous (Conditions III and 

IV) to Intermittent stimulation during the last five minutes of test

ing resulted in recovery somewhat greater than that produced by those 

conditions in which Intermittent stimulation was used in both pretest 

and test conditions. (Corrpare Condition II with IV and Condition I 

with III in Figure 2). This increase in responding is evidence that 

the change in stimulation had a dishabituatory or sensitization effect. 

Either sensitization or rest may have masked the fatigue effects 

in Coidition I (intermittent ICS, unrestrained). When the Ss were al

lowed to respond freely during treatment Conditions I (intermittent 

ICS) and III (continuous ICS), more gnawing occurred with intermittent 

stimulation (Figures 1-2). Since fatigue is response-induced, more 

fatigue should have taken place with intermittent stimulation than with 

continuous stimulation. Although this may have actually been the case, 

less resporxilng during testing occurred with continuous stim.ulation 

(Figure 1). However, the shift from continuous to intermittent stimu

lation during the last five minutes of testing in Condition III (con

tinuous ICS, unrestrained) resulted in recovery above that of Condition 

I (intermittent, unrestrained), suggesting that more fatigue did take 

place with intermittent stimulation (Figure 2). 

Doty (1969) has pointed out that electrical stimulation to some 

neural structures (e.g. sensorimotor cortex, reticular formation) re

sults in constant responding over hundreds of repetitions, whereas stimu

lation of other loci (e.g. caudate nucleus, amygdala) may result in a 

response decrement after only a few repetitions. Sharpless and Jasper 
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(1956) state that, in addition to the locus of stimulation, "the speed 

of habituation probably depends on the inter-trial interval as much 

as anything else." The present results indicate that the duration of 

ICS-induced responses may be influenced by the length of the stimulus 

train. As the stimulus train is increased, the rate of response decre

ment also increases; i.e., habituation occurs faster. These habitua

tory effects are independent of response-induced (fatigue) decrements, 

and are a function of the stimulation parameters enployed. The func

tional plasticity of ICS-lnduced behaviors reported by Valenstein et al, 

(1968, 1969) and others (Devor & Wise, 1970; Huston, 1970; Morgenson, 

1971) could be explained in terms of habituation to repeated stimula

tion (Cain et_ al., 1970). Habituation is also an inportant consider

ation for experiments involving the use of brain stimulation as a sig-

nsLl for the performance of learned responses; i.e., brain stimulation 

as a CS. 

Recent evidence (Thompson & Spencer, I966; Groves & Thonpson, 1970) 

has shown that habituation and dishabituation are independent processes. 

Groves and Thonpson (1970) have suggested that dishabituation is only 

a special case of sensitization, which reflects the general level of 

responsiveness (state) of the organism. If such a "dual-process theory" 

of habituation is correct, a demonstration of dishabituation (or sen

sitization) is not concrete evidence that habituation has occurred. If 

a novel stimulus for exanple, changes the state of the organism, it is 

conceivable that even a fatigued organism might resume responding. Also 

even if habituation and dishabituation are a single process, it is still 
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not known whether a dishabituatory stimulus acts upon habituation or 

fatigue, since traditionally both processes have been experimentally 

confounded, ^y examining habituation and fatigue separately, the 

research paradign used in the present study avoids the necessity of 

dishabituating a response in order to demonstrate that habituation, 

rather than fatigue, has occurred. 

The present study did not attenpt to correlate neural structure 

with function, rather, the enphasis was on the use of brain stimulation 

as a research tool. This research indicates that ICS-lnduced respon

ses decrease with repeated stimulation. Part of this decrement may 

be due to stimulus events (habituation), and part may be due to res

ponse events (fatigue). Both processes act to reduce responding, but 

each may be studied separately. The rate of decrement depends upon 

the type of stimulation orployed—long stimulus trains result in more 

rapid habituation than short stimulus trains. The length of the stimu

lus train, therefore, must be an inportant consideration for the study 

of those ICS-lnduced responses requiring a long duration. The same 

experimental paradigm could be orployed to deteimjĵ e the effects of 

different drugs on the decrement process, or other environmental events 

could be varied to test their selective effects on fatigue and/or ha

bituation . 
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