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ABSTRACT

The time course of the recovery cycle (refractory period) 

of the acoustic startle response in rats was determined. 

The refractory effect was shown to be highly dependent 

upon the interval between two startle stimuli but inde-

pendent of the intensity of the stimuli at a given inter-

val, provided that the intensity of both stimuli was the 

same. A model based on summation of refractory effects 

to repetitive stimulation did not predict habituation to 

repetitive stimulation. The interaction between refrac-

tory effect and habituation was discussed, and it was 

suggested that short interstimulus intervals reduce the 

effective intensity of the habituation stimulus so that the 

effects of frequency and intensity become confounded

in habituation  studies where the interval between 

habituation stimuli invades the refractory period of the 

response being studied.

INTRODUCTION

The acoustic startle reaction is a brief short-latency 

sequence of generalized muscular contractions to the 

onset of a loud noise (Dodge & Louttit, 1926; Fleshler, 

1965; Landis & Hunt, 1939). It occurs in a wide variety 

of species and shows pronounced decrement in response 

magnitude to a repetitive stimulus delivered at inter-

stimulus intervals (ISIs) of from seconds to minutes 

(Cohen, 1929; Prosser & Hunter, 1936). For this reason, 

it has proven to be a useful response system for studying 

elementary forms of behavioral plasticity such as habitu-

ation and sensitization (Davis & Wagner, 1968; Groves & 

Thompson, 1970; Moyer, 1963; Prosser & Hunter, 1936). 

Continuous auditory background stimulation has been 

shown to facilitate the amplitude of the acoustic startle 

response (Hoffman & Fleshler, 1963; Ison & Hammond, 

1971) whereas pulsed background stimulation produces 

a pronounced decrease in the amplitude of the reaction 

(Hoffman & Fleshler, 1963). The explanation of the latter 

phenomenon has been that the acoustic startle response 

is refractory for some period of time following its occur-

rence (Cohen, 1929; Dodge & Louttit, 1926). Thus,if one 

startle stimulus precedes another within a restricted 

time period, the second stimulus will produce a relatively 

smaller response (Dodge & Louttit, 1926; Hoffman & 

Searle, 1965; Ison & Hammond, 1971). This effect, which 

has been called variously “prepulse inhibition” or “refrac-

tory period,” is dependent upon the time between the 

two startle stimuli, with shorter intervals producing more 

marked refractoriness. Although it has been shown that 

the degree of refrac- tory effect is dependent upon the 

intensity of the first stimulus (Hoffman & Searle, 1965; 

Ison & Hammond, 1971), a higher intensity producing 

greater decrement in the second response, whether the 

refractory period is dependent upon intensity when the 

intensity of both stimuli is held constant, has not been 

reported. Another question of recent concern has been 

the role of the refractory period of the acoustic startle 

response, as well as other response systems, in the pro-

gressive decrement in response amplitude (habituation) 

which results from repetition of the acoustic stimulus. The 

hypothesis that response refractory period might account 

for habituation was first suggested by Cohen (1932) for 

habituation of the eye blink to acoustic stimulation inhu-

mans and, later, as part of a general theory of habituation 

by Ratner (1970). The present experiments were designed 

to determine (a) the effects of absolute stimulus intensity 

and ISI on the refractory period of the acoustic startle 

re- sponse in the rat and (b) the possible contribution of 

refractory period to habituation of the acoustic startle 
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response. We report that the refractory period is inde-

pendent of stimulus intensity when both stimuli are held 

constant and is a function of the interval between the 

two stimuli. Further, refractory period cannot account for 

habituation of the acoustic startle response in rats.

EXPERIMENT 1 In this experiment, the time course of 

the refractory effect of the acoustic startle response 

was determined over an ISI of 1-32 sec.  These are ISIs 

commonly used in studies of habituation of the acoustic 

startle response. Stimulus intensity was held constant 

while interval was varied.

Method 

Ten albino male rats supplied by Horton Laboatories 

(Oakland, California) served as subjects and weighed 179-

250 gm. at the time of testing. Each animal received 60 

trials, each trial consisting of two equally intense stimuli, 

either 105 db or 112 db., with an ISI of 1, 2, 4, 8, 16, or 

32 sec. Every animal received each of these 12 stimulus 

configurations five times, arranged randomly except that 

all of the 12 possible configurations had occurred before 

any was repeated. The intertrial interval (ITI) was varied 

randomly from 50 to 70 sec., with a mean of 60 sec. All 

animals were handled, weighed, and given a 15-min adap-

tation period in the startle response apparatus on the day 

preceding their testing.

  The startle response apparatus has been described 

in detail elsewhere (Wilson & Groves, 1972). Briefly, it 

consists of a Plexiglas animal chamber mounted on a 

spring-suspended lever in an acoustically insulated box.  

Movements of the chamber are translated directly by 

a force transducer (Gross Strain Gauge, Model FT 03C) 

placed under the suspended lever. The amplitude of the 

startle response is then written out on a Grass Model 5 

polygraph as a vertical pen deflection, the amplitude of 

which is directly proportional to force. The startle stimuli 

consisted of 20-msec. bursts of white noise generated by 

a Grason-Stadler random noise generator (Model 901B), 

amplified by an audio amplifier and switched with Hunter 

interval timers. Nominal stimulus intensities were mea-

sured inside the animal chamber with a Gen- eral Radio 

Model 1551-C sound-level meter (re .0002 dynes/cm2).

Results and Discussion 

The recovery cycle of the acoustic startle response 

is shown in Figure 1, in which the amplitude of the 

second response is plotted as the percentage of the first 

response. The curves for the two different intensities 

have been combined because there was no significant 

difference between the recovery cycle curves for the two 

intensities (F = 1.37, df = I/9, p > .25). There was also no 

significant interaction between intensity of the pulse pairs 

and recovery cycle interval (F = 1.00, df = 5/45, p > .25). 

The

effect of pulse interval, however, was highly statistically 

significant (F = 13.71, df = 5/45, p < .01). The recovery 

curve is of the same general form as that found by other 

investigators using stimuli of different parameters (Brown, 

Meryman, & Marzocco, 1956; Buckland, Buckland, Jamie-

son, & Ison, 1969; Hoffman & Searle, 1965). The effect of 

the first stimulus upon responsiveness to the second stim-

ulus is particularly marked. A stimulus following another 

of equal in- tensity by 1 sec., as shown in Figure 1, elicits 

a startle response which is only about 29% of the initial 

Figure. 1. Recovery cycle of the acoustic startle response 
of the rat. (Stimulus pairs of equal intensity were pre-
sented at six ISIs. The ordinate represents the mean 
amplitude of the response to the second stimulus [R2] 
expressed as percentage of the mean amplitude of the 
response to the first stimulus
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response. With a separa- tion of 32 sec. between the pair, 

the second response is still not completely recovered. 

Thus, the startle response shows marked re- fractoriness, 

particularly at short ISIs, and the degree of recovery is 

directly related to the interval between the two stinluli, 

short intervals producing very marked refractoriness and 

longer intervals producing relatively less refractoriness.

EXPERIMENT 2 

The failure to find a significant effect of intensity in 

Experiment 1 suggested that the refractory effect at a 

given interval may be independent of intensity when 

both stimuli in a given pair are held constant. In view 

of the finding that the refractory effect is a function of 

the intensity of the first stimulus in the pair (Hoffman 

& Searle, 1965) and the results of Experiment 1, it was 

hypothesized that the refractory effect may be some 

function of the ratio of the intensities of the first and 

second stimulus or of the ratio of the response amplitudes 

characteristic of these stimulus intensities, rather than 

the absolute intensities per se. To test this possibility, ISI 

was held constant at 5 sec. while the intensity of the two 

stimuli was varied over a range of six values from 102 to 

112 db. These intensities were chosen because previous 

work indicated that they produce a range of response 

amplitudes comparable to those which normally occur 

during habituation to a 112-db. stimulus series (P. M. 

Groves & C. Wilson, unpublished observations, 1972). The 

intensities of S1 and S2 were again constant on any trial, 

but were covaried during the experiment over the range 

indicated.

 Method

  Ten male albino rats weighing 180-240 gm. at the time 

of testing were each given 48 trials, 8 trials at each of six 

intensities consisting of 102, 104, 106, 108, 110, or 112 

db. Each trial consisted of two equally intense acoustic 

pulses at an interval of 5 sec., with an ITI of 60 sec. The 

order of presentation of trials was again block random-

ized. The apparatus and handling procedures were the 

same as those in Experiment 1.

 

Results

 The results of Experiment 2 are shown in Figure 2, in 

which the absolute amplitude of the first response is 

plotted against the amplitude of the second response. 

Although variations in stimulus intensity produced a wide 

range of response amplitudes, the ratio between R1 and 

R2 was nearly constant as indicated by the linear rela-

tionship shown in Figure 2. While the effect of stimulus 

intensity on response amplitude was highly significant 

(F = 12.70, df = 5/45, p < .01), the effect of intensity 

on the ratios of the first to the second response was not 

significant (F = .05, df = 5/45, p > .25). Thus, the refrac-

tory effect for a given interval is independent of stimulus 

Figure 2. The refractory effect at different stimulus 
intensities. (Stimulus pairs were presented at an ISI of 
5 sec. Response amplitude of the response to the first 
stimulus [R1] is plotted as a function of the amplitude of 
the response to the second stimulus [R2] over a range of 
six different stimulus intensity values. The line passing 
through the points was calculated from the data [R2 = .48 
R1 + .7].)
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intensity if the intensity of the two stimuli is held con-

stant.

EXPERIMENT 3 

Having established in Experiments 1 and 2 that an ISI of 5 

sec. between two consecutive stimuli produces a substan-

tial decrease in the second response which is independent 

of intensity when both stimuli are held constant, Experi-

ment 3 was designed to test the prediction that the pro-

gressive decrement caused by stimuli of constant intensity 

delivered repetitively at 5-sec. ISIs could be accounted for 

by summation of the refractory period. If the refractory 

effect produces approximately a 50% decrease in each 

subsequent response, the second response would be 50% 

of the first; the third, 50% of the second, etc.

Method

Ten male albino rats weighing 180-233 gm. at the time of 

testing were given 60 stimuli, each consisting of one 20-

msec. 112-db. burst of white noise with a constant ISI of 5 

sec. Handling procedures and apparatus were the same as 

described for Experiment 1.

Results

Figure 3 illustrates the results of this experiment. The 

dashed line represents the predicted outcome based upon 

a 50% refractory effect in which each response is one 

half of the preceding response; the solid line illustrates 

the actual experimental outcome.  It is very clear from 

these results that although habituation to the repetitive 

stimulus was marked (F = 7.38, df = 59/531, p < .01), it 

did not follow the predicted outcome.  The effects of 

the recovery cycle alone are better seen in Figure 4, in 

which the first eight trials of Experiment 3 are plotted. 

From these data it is apparent that at an ISI of 5 sec., the 

second response is approximately 50% of the first, after 

which response amplitude quickly stabilizes near that 

value. Thus, prior to habituation, refractory effects alone 

produce onlv a rapid decrement which quickly stabilizes 

and upon which habituation may then be superimposed.

EXPERIMENT 4

The relationship between habituation and the recovery 

cycle, in light of the results above, is apparently not a 

simple one; and recovery cycle alone, at least based upon 

a model where each refractory effect sums with subse-

quent ones, cannot predict the course of habituation. It 

is possible that habituation to a repetitive stimulus alters 

the recovery cycle so that the effect becomes less pro-

nounced as habituation proceeds. This would be contrary 

to the results of Experiment 2 if the effect of habitua-

tion were simply one of decreasing response amplitude in 

the same way that reducing intensity decreases response 

amplitude. To test this, animals were given pairs of 

stimuli at 5-sec. ISIs, separated by 35-sec.  These values 

were chosen because a 5-sec.  ISI was shown in previous 

experiments to produce a pronounced refractory effect, 

whereas an ITI of 35 sec. was one which would produce 

little refractoriness but one at which habituation would 

proceed fairly rapidly.

Method

Figure 3. Habituation of the acoustic startle response 
at a 5-sec. ISI (solid line). (Each point is the mean of 
four trials. The dashed line is the predicted outcome 
based upon the hypothetical effects of summation of the 
refractory effect at 5-sec. intervals, described by the 
formula Rn = 1/2Rn-1.)
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Ten male albino rats weighing 201-228 gm. at the time of 

testing were given 60 habituation trials at 35-sec. ITIs. 

Each trial consisted of two equally intense stimuli (112 

db.) separated by 5 sec. Habituation was determined by 

the progressive decrement in response to repeated trials, 

while response refractory period was noted for each pulse 

pair constituting a trial. Handling procedures and appara-

tus were the same as described previously.

Results

Habituation of the acoustic startle response as a function 

of trials is shown in Figure 5, as is the recovery cycle for 

each trial. It may be noted first that response amplitude 

to the first stimulus in each pair varied over approxi-

mately the same range as response amplitude in Experi-

ment 2, in which amplitude was varied by varying stimulus 

intensity rather than by habituation. Habituation across 

trials was quite marked and highly statistically reliable (F 

= 3.25, df = 59/1,062, p < .01). Although the refractory 

effect between trials showed considerable variability, 

there was no systematic change in ratio of the first to 

the second response (F = .98, df = 59/531, p > .25). Thus, 

decreasing response amplitude during habituation pro-

duced essentially the same effect as decreasing response 

amplitude in Experiment 2 by changing stimulus intensity. 

Namely, the response refractory effect did not change as 

a function of response amplitude. Therefore, habituation 

per se does not alter the refractory effect of the acoustic 

startle response.

GENERAL DISCUSSION

There is substantial indirect evidence to suggest that 

recovery cycle effects alone cannot account for response 

habituation. Groves and Thompson (1970), for example, 

pointed out that responses may show marked habituation 

at ISIs which exceed their refractory period. Additionally, 

some responses show sensitization prior to habituation, 

which is not consistent with a refractory period expla-

nation of habituation to repetitive stimulation. Other 

evidencecan be cited to support the view that refractory 

period alone cannot account for habituation. The refrac-

tory effect of stimulation on the acoustic startle response, 

for example, has been shown to be, to some extent, 

nonspecific. Thus, a tactile or visual prepulse will produce 

a pronounced refractory effect on subsequent acous-

tic startle (Brown et al., 1956; Buckland et al., 1969).  

Habituation, on the other hand, is characterized by its 

specificity. An alteration in stimulus parameters, not to 

mention stimulus modality, will produce sensitization- an 

Figure 4. The first 8 trials obtained in Experiment 3 which 
described habituation of the acoustic startle response at 
5-sec. ISIs. (Note that refractory effects do not summate, 
but rather oscillate somewhat and quickly stabilize.)

Figure 5. The refractory effect of stimuli delivered at 5-
sec. ISIs (upper graph), during habituation to the stimulus 
pairs at an ITI of 32 sec. (lower graph). (Each point is the 
mean of four trials.  Although habituation was marked, 
as measured by the decrement of R1 in each pair to 
repeated pairs, the refractory effect showed no system-
atic change.)



p. 6

Preprint Collection of Charles J. Wilson

the brainstem reticular formation because the prepulse 

inhibition effect is, to some extent, multimodal (Ison & 

Hammond, 1971), and the reticular formation has been 

suggested to contain the labile elements responsible 

for habituation (Groves & Lynch, 1972). If this were the 

case, then comparisons of rate and degree of habitua-

tion at ISIs which invade the refractory period might be 

confounded by differences in effective stimulus intensity 

(e.g., Davis, 1970a, 1970b). This possibility was noted by 

Davis (1970b), for example, although he suggested that it 

may involve a reduced “perceived” intensity, rather than 

simply a reduced effective stimulus intensity impinging 

on habituating neurons. The latter may or may not corre-

spond to a reduction in perceived stimulus intensity.

In conclusion, we suggest that habituation cannot be 

accounted for on the basis of “prepulse inhibition” alone 

and that response refractoriness, although it produces 

some rapid decrement in response amplitude at short 

ISIs, is not identical with the habituation process. Further, 

studies of habituation at ISIs which invade the refractory 

period of the response being studied must take this into 

account, as well as the fact that refractory period may 

alter effective stimulus intensity so that the frequency 

and intensity of the habituating stimulus become con-

founded, particularly at short ISIs.

This research was supported in part by Research
Grant MH-19515 from the National Institute of Mental 
Health.

REFERENCES

Brown, J. S., Meryman, J. W., & Marzocco, F N. Sound 

induced startle response as a function of time since 

shock. Journal of Comparative and Physiological Psychol-

ogy, 1956, 49, 190-194.

Buckland, G. Buckland. K., Jamieson, C. & Ison J. R. 

Inhibition of the startle response to acoustic stimulation 

increase in subsequent response, not a decrease (Prosser 

& Hunter, 1936; Thompson & Spencer, 1966).  However, 

because many studies of habituation include ISIs which 

invade the refractory period of the response being stud-

ied, one must presume that these include some refractory 

effect on responses subsequent to the first response in the 

series. In the experiments reported above, we found that 

a simple summating model based on 

“prepulse inhibition” at an ISI of 5 sec. could not account 

for habituation. Further, it was demonstrated that habitu-

ation per se did not alter the refractory effect and that 

refractory period was similarly independent of stimulus 

intensity. A closer examination of the first few responses 

in a series of responses to repetitive stimulation, as shown 

in Figure 4, would suggest that the decrement produced 

in response amplitude by refractory effects alone would 

approximate the decrement produced by the first on 

the second response in any series. The degree of decre-

ment would be a function of the frequency of repetition, 

shorter intervals producing more pronounced decre-

ment. However, to account for the progressive decrease 

in response which exceeds that produced in the second 

response as was the case in Experiment 3, an additional 

process must be involved. This process is habituation as 

commonly defined (Thompson & Spencer, 1966).

Because the response amplitude of the acoustic startle is 

markedly affected by refractory effects, it may be that 

the properties of habituation are altered when frequen-

cies of repetition are used that invade the refractory 

period. For example, refractory effects might alter the 

effective intensity of the stimulus such that, at short 

intervals, the intensity of the stimulus producing habitua-

tion is effectively less. By

“effective stimulus intensity” we mean simply that neu-

rons in the startle pathway undergoing habituation would 

receive less effective input due to refractory effects.  

These neurons need not be in the specific sensory path-

way. Indeed, initial speculation would place them in 



p. 7

Preprint Collection of Charles J. Wilson

produced by visual prestimulation. Journal of Compara-

tive and Physiological Psychology, 1969, 67, 493-496.

Cohen, L. H. The relation between refractory phase and 

negative adaptation in reflex response I. Journal of 

Comparative Psychology, 1929, 9, 1-16.

Cohen, L. H. Negative adaptation and refractory phase in 

the eyelid reflex. Journal of Experimental Psychology, 

1932, 15, 447-454.

Davis, M. Effects of interstimulus interval length and 

variability on startle-response habituation in the rat. 

Journal of Comparative and Physiological Psychology, 

1970, 72, 177-192. (a)

Davis, M. Interstimulus interval and startle response 

habituation with a “control” for total time during train-

ing. Psychonomic Science, 1970, 20, 39-41. (b)

Davis, M., & Wagner, A. R. Startle responsiveness after 

habituation to different intensities of tone. Psychonomic 

Science, 1968, 12, 337-338.

Dodge, R., & Louttit, C. M. Modification of the pattern 

of the guinea pig’s reflex response to  noise. Journal of 

Comparative Psychology, 1926,6, 267-285.

Fleshler, M. Adequate acoustic stimulus for the startle 

reflex in the rat. Journal of Comparative  and Physiologi-

cal Psychology, 1965, 60, 200-207.

Groves, P. M., & Lynch, G. S. Mechanisms of habituation in 

the brain stem. Psychological Review, 1972, 79, 237-244.

Groves, P. M, & Thompson, R. F. Habituation: A dual pro-

cess theory. Psychological Review, 1970, 77, 419-450.

Hoffman, H. S., & Fleshler, M. Startle reaction : Modifi-

cation by background stimulation. Science, 1963, 141, 

928-930.

Hoffman, H. S., & Searle, J. L. Acoustic variables in the 

modification of the startle reaction in the rat. Journal 

of Comparative and Physiological Psychology, 1965, 60, 

53-58.

Ison, J. R., & Hammond, G. R. Modifications of the startle 

reflex in the rat by changes in the auditory and visual 

environments. Journal of Comparative and Physiological 

Psychology, 1971, 75, 418-430.

Landis, C., & Hunt, W. A. The startle pattern. New York: 

Farrar & Rinehart, 1939.

Moyer, K. E. Startle response: Habituation over trials and 

days, and sex and strain differences. Jounal of Compara-

tive and Physiological Psychology, 1g63, 56, 863-865.

Prosser, C. L., & Hunter, W. S. The extinction of startle 

responses and spinal reflexes in the white rat. American 

Journal of Physiology, 1936, 117, 609-618.

Ratner, S. Habituation: Research and theory. In J. Rey-

nierse (Ed.), Current issues in animal learning. Lincoln: 

University of Nebraska Press, 1970.

Thompson, R. F., & Spencer, W. A. Habituation: A model 

for the study of neuronal substrates of behavior. Psycho-

logical Review, 1966, 173, 16-43.

Wilson, C., & Groves, P. M. Measurement of acoustic 

startle in mice. Behavior Research Methods and Instru-

mentation, 1972, 4, 13-14.

 


