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Reflex Modification in the Rat: The Inhibitory Effects of 
Intensity and Frequency Changes in Steady Tones 

Jacque lyn  Cranney ,  Michel le  E. Cohen ,  a n d  H o w a r d  S. H o f f m a n  
Graduate School of Arts and Sciences, Bryn Mawr College 

In laboratory rats (as in humans) a low-intensity tone that precedes a high- 
intensity burst of noise by approximately 100 ms can reduce the amplitude of 
the startle reaction elicited by the burst of noise. A series of four experiments 
with rats investigated the relation between the inhibitory effects of tonal frequency 
change and the length of the silent period (gap) preceding it. The major findings 
were the following: (a) A gap in an otherwise continuous pure tone inhibited 
startle when the gap occurred approximately 100 ms prior to the noise burst. (b) 
Although an increase in gap duration increased the inhibition afforded by the 
gap, the maximum inhibition was yielded by gaps of 100 ms and greater; this 
maximum was equivalent to the inhibition yielded by the presentation of a 
postgap tone alone. (c) A shift in tonal frequency across a 10-ms gap yielded 
more inhibition than did the same gap with no frequency shift; again the shift 
yielded equivalent inhibition to the presentation of the postgap tone alone. (d) 
An increase in the frequency shift increased inhibition when the shift occurred 
across a 10-ms gap, but not when the shift occurred across a 100-ms gap. 

Previous studies of  the acoustic startle reflex 
have indicated that in the rat (as in the 
human), response amplitude is determined, 
in large part, by the sensory events that 
immediately precede the startle-eliciting event 
(Hoffman & Searle, 1965, 1968; Hoffman & 
Wible, 1969, 1970). If, for example, a rela- 
tively weak stimulus such as a low-intensity 
tone (a stimulus that does not itself evoke 
overt startle) precedes an intense burst of  
noise by approximately 100 ms, the amplitude 
of the elicited startle reaction is reduced. 
This inhibitory effect is called reflex modifi- 
cation (Hoffman & Ison, 1980; Ison & Hoff- 
man, 1983). 

Investigation of  the reflex modification af- 
forded by complex acoustic events began 
with the work of  Stitt, Hoffman, Marsh, and 
Boskoff (1974). They found that if  a small 
change in the intensity or the frequency of 
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an ongoing narrow-band noise occurred ap- 
proximately 100 ms prior to the presentation 
of  a startle-eliciting stimulus, then the ampli- 
tude of the elicited reaction was reduced. 
More recently, Ison (1982; Ison & Pinckney, 
1983) found that a brief gap in an otherwise 
continuous noise band functioned in a similar 
fashion. In addition, Cranney, Hoffman, and 
Cohen (1984) found that comparable inhibi- 
tory effects could be obtained in humans 
when the ongoing stimulus was a steady tone 
rather than a band of  noise. 

The current four experiments were de- 
signed to examine i n  rats the reflex modifi- 
cation afforded by a brief gap and/or a shift 
in the frequency of an otherwise continuous 
tone when these events occurred just prior to 
the presentation of  a startle-eliciting burst of  
noise. Specifically, we investigated the reflex 
modification afforded by a change in the 
intensity and/or the frequency of an otherwise 
steady tone. Information about these effects 
in rats were important  for several reasons: 
(a) It would provide data relevant to the 
interpretation of  how relatively complex 
acoustic events are processed. (b) It would 
provide a basis for future neurophysiological 
investigations. (c) It would provide a basis 
for future work in areas such as animal 
psychophysics and behavioral toxicology be- 

112 



ACOUSTIC REFLEX MODIFICATION I 13 

cause reflex modification procedures have 
proved to be useful in assessing the specific 
sensory and/or behavioral deficits engendered 
by toxic substances (e.g., Kellogg, Ison, & 
Miller, 1983; Young & Fechter, 1983). 

Experiment 1 

Experiment 1 was designed to determine 
how the amount  of reflex modification af- 
forded by a gap in an otherwise steady tone 
varied as a function of  the duration of the 
gap. The experiment was designed to extend 
the work of Ison (1982), who found that 
inhibition increased when the duration of  a 
gap in a noise band increased. We expected 
that a similar phenomenon would occur with 
pure tones. 

Method 

Subjects. The subjects were 9 experimentally naive 
male albino rats obtained from the Charles River Breeding 
Laboratories. They were approximately 90 days old at 
the time of  testing. 

Apparatus. The test apparatus was housed in an In- 
dustrial Acoustics Corporation sound-attenuated cham- 
ber fitted with sound-absorbing material to reduce 
acoustic reflections. The animal test chamber has been 
described in detail by Hoffman and Wible (1969). It 
consisted of  a small cage (20.3 cm × 12.7 cm × 15.2 
cm) constructed of stainless-steel rods suspended from a 
rigid superstructure by four thin pieces of  epoxy and 
fiberglass laminate. An aluminum rod with a magnet on 
its distal end was mounted on top of  the cage so that the 
magnet rode inside a coil that was fastened to the 
superstructure. With this arrangement, any sudden move- 
ment of the cage, for example, during a startle reflex, 
would cause the magnet to move in the coil and generate 
an electrical current. This current was filtered to eliminate 
stimulus artifacts and amplified before being passed to a 
Coulbourn peak detector (Module $76-3 l), which assessed 
the response during the 150-ms period that began with 
the onset of  the startle-eliciting stimulus. The output of  
the peak detector was digitized and strobed to a Radio 
Shack TRS-80 microcomputer. 

The startle-eliciting stimulus, as well as the acoustic 
stimuli that preceded it, was shaped and timed by 
Coulbourn programming modules interfaced with the 
microcomputer. The outputs of  the stimulus-generating 
modules were amplified by separate channels of  a Crown 
DC 300 audio power amplifier. The startle-eliciting stim- 
ulus was presented through a semiconductor gate (see 
Stitt, Hoffman, & Marsh, 1976, for a description) to a 
speaker consisting of  an Altec 230C midrange driver with 
a 60-cm exponential horn mounted inside the Industrial 
Acoustics chamber a few inches from the test cage. The 
acoustic prestimuli were presented through a Realistic 
Liquid Cooled Super Tweeter that was mounted on the 
side of  the Industrial Acoustics chamber opposite the 

Altec driver. The intensities of  the acoustic prestimuli 
were assessed" using the Flat scale setting of  a General 
Radio 156 l-A sound level meter. All intensities reported 
here are sound pressure level (SPL re 20 pNm2). 

Stimulus conditions. The acoustic prestimuli were 5- 
kHz pure tones with rise-fall times of  5 ms. The startle- 
eliciting stimulus was a 20-ms burst of  120 dB (SPL) 
noise with a 0.1-ms rise-fall time. Four basic stimulus 
configurations were employed in this experiment (see 
Figure l). 
1. A startle-eliciting stimulus presented alone; a burst of  

white noise presented with no prior acoustic stimu- 
lation (no prestimulus). 

2. A 10-s tone, the offset of which coincided with the 
onset of the startle-eliciting stimulus (zero gap). 

3. A startle-eliciting stimulus presented in the presence 
ofa  10-s tone that contained a brief intensity decrement 
(gap). The onset of the gap began at varying periods 
(80, 85, 95; l l5 ,  155, 395, and 1,355 ms) and always 
ended 75 ms prior to the startle-eliciting stimulus. 
Thus, there were seven distinct conditions with varying 
durations of gap (5, 10, 20, 40, 80, 320, and 1,280 
ms; the 5-, 10-, and 40-ms gaps are illustrated in 
Figure l). Because these gaps included the 5-ms fall 
and the 5-ms rise time of the tone, the 5-, and 10-ms 
conditions did not contain a silent period, just an 
intensity decrement. 

4. An 80-ms tone, the offset of  which coincided with the 
onset of  the startle-eliciting stimulus (onset). 
In all stimulus configurations involving an acoustic 
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Figure 1. Representative conditions used in Experiment 
1 (not to scale). (The top configuration is the prototype 
for the stimulus conditions.) 
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prestimulus, the intensity of  the prestimulus was always 
70 dB (SPL), and the onset of  the starfle-eliciting stimulus 
always coincided with the beginning of  the 5-ms fall of  
the acoustic prestimulus. There was a total of  10 kinds 
of  trials, each of  which ended with a startle-cliciting 
burst of  noise. 

Procedure. Each subject received 1O blocks of 1O 
trials, for a total o f  100 trials. Within a block of  trials, 
the stimulus conditions were presented randomly, and 
there was an intertrial interval of  30 _+ 5 s. Each subject 
was tested for one session, which lasted approximately 
70 rain; this included an initial 5-min adaptation period. 

Results and Discussion 

The basic datum in these experiments was 
the mean amplitude of startle across trials 
for each condition for each subject. Figure 2 
presents the mean amplitude of  startle re- 
sponses elicited by the 120-dB (SPL) noise 
burst alone (the horizontal line), as well as 
the mean amplitude of  responses elicited by 
the same noise burst when it was preceded 
by a tone with a given gap. It is apparent 
that when gaps were inserted in the tones, 
response amplitude declined as a negatively 
accelerated function of  the size of  the gap; 
that is, longer gaps afforded greater inhibition 
(i.e., decreased the amplitude of  startle re- 
sponding). A repeated measures analysis of 
variance confirmed that these differences were 
reliable, F(9, 72) = 11.01, p < .05. A New- 
man-Keuls analysis (p < .05) revealed that 
(a) the response amplitudes of  the no-pre- 
stimulus and zero-gap conditions were not 
significantly different; (b) conditions with gap 
durations of  80 ms and greater produced 
significantly lower response amplitudes than 

did the zero-gap condition; (c) conditions 
with gap durations of  320 ms and greater 
produced significantly lower response ampli- 
tudes than did the no-prestimulus condition; 
and (d) the response amplitudes of conditions 
with gap durations of  320 ms and greater 
were not significantly different from that pro- 
duced by the infinite-gap condition. The 80- 
ms gap condition, then, inhibited the startle 
responding with reference to the zero-gap 
condition, but not with reference to the no- 
prestimulus condition. 

The results of Experiment 1 indicate that 
a gap of sufficient duration in a pure tone 
significantly reduces the amplitude of  the 
startle response; moreover, the gap function 
in this experiment is similar to Ison's (1982) 
gap duration function. This suggests that 
despite the differences in stimuli employed  
in this and in Ison's (1982) study, enough 
similarities are evident in the data to conclude 
that the inhibitory effect of  a gap in an 
otherwise continuous acoustic prestimulus is 
a robust phenomenon. 

x 

A further point concerning the gap duration 
function is that maximum inhibition pro- 
duced by a long gap (i.e., 320 ms and greater) 
was equivalent to the inhibition produced by 
the postgap tone alone (onset condition). In 
this sense, the onset condition appeared to 
reflect a gap of infinite duration. Thus, it 
appears that as the duration of  the gap in an 
otherwise continuous tone increases, it more 
closely approximates the tonal-onset condition 
and produces greater inhibition. 
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Figure 2. Mean amplitude of  startle response (across subjects) as a function of  gap duration. (The 
horizontal line indicates the mean amplitude of  startle response elicited by the noise burst without prior 
acoustic stimulation.) 
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This aspect of the results suggests that 
sensory adaptation may occur during the 10- 
s period of  constant tonal prestimulation 
prior to the gap. With short gaps there may 
be insufficient time for complete sensory- 
neural recovery so that during the postgap 
tone there is less than normal activation of 
central auditory systems. With longer gaps, 
however, there may be sufficient time for 
complete recovery so that during the postgap 
tone there is as much activation of central 
auditory systems as there  is in the onset 
condition (where there has been no prior 
tonal stimulation). Thus, the period between 
80 and 320 ms may be critical for recovery 
from sensory-neural adaptation. To date, 
however, there have been no sensory adapta- 
tion studies employing the stimulus parame- 
ters characteristic of the startle reflex exper- 
iment (Ison, 1982). 

Experiment 2 

Experiment 2 examined whether a shift in 
frequency during a gap in an otherwise con- 
tinuous pure tone would lead to any further 
reflex inhibition than the amount  of  inhibition 
due to an intensity decrement with no fre- 
quency shitt. Previous work (Marsh, Hoffman, 
Stitt, & Schwartz, 1975; Stitt et al., 1974) 
indicated that shifts between high- and low- 
frequency bands of noise could inhibit a 
startle reflex. The question addressed in this 
experiment was whether similar effects could 
be obtained when the basic acoustic pre- 
stimulus was a pure tone rather than narrow- 
band. noise and when the frequency shift 
occurred in the context of an intensity dec- 
rement (gap) in the prestimulus. Further, the 
experiment compared the inhibition afforded 
by frequency shifts during a gap with that 
afforded by tonal offsets and onsets. 

Method 

Subjects and apparatus. The subjects were 14 male 
albino rats obtained from the Charles River Breeding 
Laboratories. They were approximately 120 days old at 
the time of  testing. The apparatus was that employed in 
Experiment 1. 

Stimulus conditions. The acoustic prestimuli were 
70-dB (SPL), 5- and 10-kHz tones, with a rise-fall time 
of  5 ms. The startle-eliciting stimulus was a 20-ms burst 
of  120-dB (SPL) white noise with a 0. I-ms rise-fall time. 
Six basic stimulus configurations were employed in this 
experiment (see Figure 3): 

i. A startle-eliciting stimulus presented alone; a burst of  
white noise presented with no prior acoustic stimu- 
lation (no prestimulus). 

2. A 10-s, 5- or 10-kHz tone, the offset of which coincided 
with the onset of  the startle-eliciting stimulus (zero 
gaP). 

3. A 10-S, 5- or 10-kHz tone with a 10-ms intensity 
decrement (gap), which ended 75 ms prior to the 
startle-eliciting stimulus (gap-no shift). 

g. A 10-s, 5- or 10-kHz tone with a 10-ms gap, which 
ended 75 ms prior to the startle-eliciting stimulus, 
with a shift in frequency across the gap (shift). 

5. An 80-ms, 5- or 10-kHz tone, the offset o f  which 
coincided with the onset of  the startle-elicitin$ stimulus 
(onset). 

6. A 10-S, 5- or 10-kI-Iz tone, the offset of  which occurred 
154 ms prior to the stanle-eliciting stimulus (offset). 

In all stimulus configurations involving an acoustic 
prestimulus, except the offset condition, the onset o f  the 
startle-eliciting stimulus coincided with the 5-ms fall o f  
the acoustic prestimulus. Because tone conditions were 
counterbalanced for frequency (5 kHz and 10 kHz), 
there was a total of  11 stimulus conditions. 

Procedure. Each subject received 10 blocks of  11 
trials, for a total of  110 trials. Within a block of  trials, 
the stimulus conditions were presented randomly, and 
there was an intertrial interval of  30 + 5 s. Each subject 
was tested for one session, which lasted approximately 
75 rain; this included an initial 5-min adaptation period. 
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Figure 3. The set of  conditions used in Experiment 2 
(not to scale). (The top configuration is the prototype for 
the stimulus conditions. S signifies a shift in frequency.) 
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Figure 4. Mean amplitude of startle response (across subjects) for each of the stimulus configurations. 
(The latter are illustrated schematically below the horizontal axis of the figure. The horizontal line indicates 
the mean amplitude of startle response elicited by the noise burst without prior acoustic stimulation). 

Results and Discussion 

A two-way repeated measures analysis of  
variance (Prestimulus Condition × Tonal 
Frequency) yielded a significant main effect 
for prestimulus condition, F(4, 117) -- 45.04, 
p < .05, but no significant main effect for 
tonal frequency and no significant interaction 
effect. Thus, the baseline tonal frequency did 
not differentially influence startle responding. 

Figure 4 presents the mean amplitude of 
the startle (across subjects) for each of  the 
prestimulus conditions collapsed across base- 
line frequency. Compared to the no-prestim- 
ulus condition, the gap-no  shift condition 
produced smaller responses, but the frequency 
shift, offset, and onset conditions produced 
even smaller responses. The reliability of  
these findings was supported by a Newman- 
Keuls analysis (p < .05). Responding in the 
no-prestimulus and zero-gap conditions was 
equivalent and significantly greater than in 
all other conditions. There were no significant 
differences among the frequency shift, offset, 
and onset conditions, but each of  these three 
conditions produced more inhibition than 
did the gap-no  shift condition. 

The results of  Experiment 2 indicate that 

a frequency shift across a gap produced more 
inhibition than did a gap alone, but no more 
inhibition than did a simple onset or offset. 
These findings are similar to those reported 
with the onsets, offsets, and frequency shifts 
in otherwise continuous noise bands (Stitt et 
al., 1974). In addition, the effects o f  the 5- 
and 10-kHz frequencies in the present exper- 
iment corroborate other reports o f  no dif- 
ferential effects o f  baseline frequency in noise 
bands (Stitt et al., 1974) and in pure tones 
(Cranney et al., 1984), and they are consistent 
with psychophysical data that rats are equally 
sensitive to 5- and 10-kHz tones (Stebbins, 
1970). 

Experiment 3 

Experiment 1 revealed that inhibition of  
the startle reflex due to a gap is optimal with 
gap durations greater than 80 ms. Experiment 
2 revealed that a frequency shift across a 
short (10-ms) gap produced more inhibition 
than did a gap alone. Experiment 3 was 
designed to determine the manner  in which 
these two factors, gap duration and amount  
of  frequency shift, interact. 
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Method 

Subjects and apparatus. The subjects were 11 exper- 
imentally naive male albino rats obtained from the 
Charles River Breeding Laboratories. They were approx- 
imately 90 days old at the time of testing. The apparatus 
was that used in Experiment 1. 

Stimulus conditions. All tones were 70-dB (SPL) with 
a 5-ms rise-fall time. The startle-eliciting stimulus was a 
20-ms burst of 120-dB (SPL) white noise with a 0.l-ms 
rise-fall time. Five basic stimulus configurations were 
employed in this experiment: 
1. A startle-eliciting stimulus alone; a burst of white 

noise presented with no prior acoustic stimulation 
(no prestimulus). 

2. A 10-s, 7.5-kHz tone, the offset of which coincided 
with the onset of the startle-eliciting stimulus (zero 
gap). 

3. An 80-ms, 5-kHz tone, the offset of which coincided 
with the onset of the startle-eliciting stimulus (onset). 

4. A 10-s, 5-kHz tone with a 10-ms or ll0-ms gap, 
which ended 75 ms prior to the startle-eliciting stimulus 
(gap-no shift). 

5. A 10-s tone with a 10-ms or 110-ms gap, which ended 
75 ms prior to the startle-cliciting stimulus, with a 
downward shift in frequency across the gap (shifts). 
The frequency shifts were 6.25 kHz to 5 kHz (l.25- 
kHz shift), 7.5 kHz to 5 kHz (2.5-kHz shift), and I0 
kHz to 5 kHz (5-kHz shift). 
In the stimulus configurations involving an acoustic 

prestimulus, the onset of the startle-eliciting stimulus 
coincided with the 5-ms fall of the acoustic prestimulus. 
Therc was a total of I l stimulus conditions. 

Procedure. Each subject received I0 blocks of I I 
trials, for a total of I I0 trials. Within a block of trials, 
the stimulus conditions were presented randomly, and 
there was an intcrtrial interval of 30 +_ 5 s. Each subject 
was tested for one session, which lasted approximately 
75 min; this included an initial 5-min adaptation period. 

Results and Discussion 

Figure 5 presents the mean  startle ampli-  
tude, averaged across subjects for each o f  the 
11 stimulus conditions. With a short gap, the 
shift in frequency produced a greater decrease 
in the startle ampli tude t h a n  did the gap 
without  the shift. With a long gap, the shift 
and no-shift conditions produced the same 
decrement  in startle amplitude. 

A two-way repeated measures analysis o f  
variance indicated significant main  effects for 
gap duration, F( I ,  70) = 16.46, p < .05, and 
for a m o u n t  o f  frequency shift, F(3, 7 0 ) =  
6.66, p < .05, and a significant interaction 
effect, F(3, 70) = 2.91, p < .05. Analyses o f  
the simple main  effects were performed to 
assess the details o f  this interaction. The 
major  findings were a significant effect for 
amoun t  o f  frequency shift in the short (10 
ms) gap condition, F(3, 70) = 8.97, p < .05, 
but  not in the long (110 ms) gap condition. 
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Figure 5. Mean amplitude of startle response (across 
subjects) as a function of the amount of frequency shift 
and the gap duration. (The horizontal line indicates the 
mean amplitude of startle response elicited by the noise 
burst without prior acoustic stimulation.) 

The results o f  Experiment  3 indicate that  
a frequency shift added to the a m o u n t  o f  
inhibition only when the gap durat ion was 
relatively short (10 ms). A longer gap duration 
(100 ms) appeared to produce  m a x i m u m  
inhibition, and the frequency shift did not  
have any effect. This suggests that a frequency 
shift may overcome some o f  the sensory- 
neural adaptat ion effects postulated to be 
present in the postgap tone o f  the short  gap 
condition. Such a frequency shift, however, 
will have no effect on the long gap condition, 
because once the effects o f  prior  st imulation 
have decayed, the frequency shift will be no 
more  effective than the resumpt ion o f  the 
original frequency. 

Experiment  4 

Experiment  3 revealed that  a frequency 
shift o f  at least 1.25 kHz  across a 10-ms gap 
resulted in greater inhibition than did a 10- 
ms gap with no frequency shift. Exper iment  
4 was designed to determine the impact  on 
startle response o f  frequency shifts o f  less 
than 1.25 kHz. 

Method 

Subjects and apparatus. The subjects were 16 male 
albino rats obtained from the Charles River Breeding 
Laboratories. They were approximately 100 days old at 
the time of testing. The apparatus was that used in 
Experiment 1. 
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Stimulus conditions. All tones were 70 dB (SPL) with 
a 5-ms rise-fall time. The startle-eliciting stimulus was a 
20-ms burst of 120-dB (SPL)white noise with a 0.l-ms 
rise-fall time. Four basic stimulus configurations were 
employed in this experiment: 
1. A startle-eliciting stimulus alone; a burst of white 

noise with no prior acoustic stimulation (no prestimu- 
lus). 

2. An 80-ms, 5-kHz tone, the offset of  which coincided 
with the onset of the startle-eliciting stimulus (onset). 

3. A 10-s, 5-kHz tone with a 10-ms gap, which ended 
75 ms prior to the startle-eliciting stimulus (gap--no 
shift). 

4. A 10-s tone with a 10-ms gap, which ended 75 ms 
prior to the startle-eliciting stimulus, with a downward 
shift across the gap (shilLs). The frequency shifts were 
5.075 kHz to 5 kHz (0.075-kHz shift), 5.15 kHz to 5 
kHz (0.15-kHz shift), 5.3 kHz to 5 kHz (0.3-kHz 
shift), 5.65 kHz to 5 kHz (0.65-kHz shift), and 6.25 
kHz to 5 kHz (l.25-kHz shift). 

In all of the stimulus configurations involving a pre- 
stimulus, the onset of the startle-eliciting stimulus coin- 
cided with the 5-ms fall of the acoustic prestimulus. In 
this experiment, a zero-gap condition was not included 
because the previous experiments had found no differences 
between the zero-gap and the no-prestimulus conditions. 
There was a total of eight stimulus conditions. 

Procedure. Each subject received 10 blocks of 8 trials, 
for a total of 80 trials. Within a block of trials, the 
stimulus conditions were presented randomly, and there 
was an intertrial interval of 30 _+ 5 s. Each subject was 
tested for one session, which lasted approximately 60 
min; this included an initial 5-rain adaptation period. 
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Figure 6. Mean amplitude of startle response (across 
subjects) as a function of the amount of frequency shift. 
(The horizontal line in the figure indicates the mean 
amplitude of startle response elicited by the noise burst 
without prior or concurrent acoustic stimulation.) 

that the threshold for the frequency shift 
advantage, with respect to a downward shift 
to 5 kHz, must  be less than  0.075 kHz. 

Genera l  Discussion 

Results and Discussion 

Figure 6 presents the mean  startle ampl i -  
tude, averaged across subjects, for all eight 
conditions. The figure shows that  a shift in 
frequency as small  as 0.075 kHz (5.075 kHz 
to 5 kHz) results in a decrease in startle 
ampl i tude from the no-shift  condi t ion  (5 kHz 
to 5 kHz). A one-way repeated measures 
analysis of variance indicated that these dif- 
ferences were reliable, F(7, 105) = 20.05, p < 
.05. A Newman-Keuls  analysis (p < .05) 
revealed that the no-pres t imulus  condi t ion 
was significantly greater than  all of  the other 
conditions; this indicated that even a short 
gap with no  frequency shift resulted in  a 
decrease in the startle ampli tude.  However, 
the no-shift condi t ion resulted in  a signifi- 
cantly greater startle ampl i tude  than  did all 
of the frequency shift condi t ions  and  the 
onset condit ion.  Tha t  is, a frequency shift as 
small as 0.075 kHz across a gap in acoustic 
s t imulat ion produced a greater reduct ion in 
startle ampl i tude  than that  produced by a 
condit ion in which there was a gap but  no 
frequency shift. This aspect of  the data implies 

This series of  experiments  revealed that  a 
gap in a pure tone, like a gap in  a noise band  
(Ison, 1982), results in  a reduct ion of  startle 
ampl i tude if presented at an appropriate in- 
terval prior to the startle-eliciting stimulus. 
In  addit ion,  the work revealed the following 
results: (a) Increased gap dura t ion  increased 
the a m o u n t  of  inhibi t ion;  gaps of  100 ms 
and greater produced inhib i t ion  equivalent  
to that  of  the postgap tone alone. (b) A 
frequency shift as small as 0.075 kHz (to 5 
kHz) across a 10-ms gap produced more  
inhibi t ion  than did the gap with no frequency 
shift. (c) Frequency shifts did not  increase 
the a m o u n t  of  inhib i t ion  afforded by the 100- 
ms gap. These findings suggest that  approxi-  
mately 100 ms are required for the effects of  
prest imulat ion to decay and that  once the 
effects of pr ior  s t imulat ion have decayed, the 
frequency shift is no  longer effective. Tha t  is, 
with the longer gap the shift is no  more 
effective than  with resumpt ion  of the pregap 
tone frequency. 

The shortest gap dura t ion  that produced 
inhibi t ion  was 20 ms in Exper iment  l and  
l 0 ms in Exper iments  2 and  4. This  suggests 
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that  the gap du ra t ion  th resho ld  for reflex 
inhibi t ion  lies between 10 and 20 ms. A 15- 
ms  gap includes  a 5-ms silent per iod,  which  
is comparab l e  to Ison 's  (1982) es t ima ted  
threshold  o f  3.5 ms  for the inh ib i to ry  effect 
o f  a gap in a noise band.  

The  threshold  for the f requency shift ad-  
vantage in inh ib i t ion  for rats  was d e t e r m i n e d  
to be below 0.075 kHz;  this  cor responds  to 
the psychophysical ly  d e t e r m i n e d  threshold  
for f requency shift detect ion.  In  contrast ,  the 
h u m a n  da ta  indicate  that  the th resho ld  for 
the f requency shift advantage  in inh ib i t ion  is 
greater  (i.e., the m e t h o d  is less sensitive) than  
the psychophysical ly  d e t e r m i n e d  threshold  
for f requency shift detect ion (Cranney  et al., 
1984). This  f inding suggests that  the reflex 
modif ica t ion  p rocedure  taps  a low level o f  
aud i to ry  processing in humans .  

In the present  exper iments ,  the  zero-gap 
c o n d i t i o n  afforded an equivalent  a m o u n t  o f  
inhib i t ion  to the no-pres t imulus  condi t ion .  
This  f inding is inconsis tent  with previous  
reports  that  a constant ,  un in t e r rup t ed  tonal  
p res t imulus  or  backg round  noise increases  
start le  responding  in the ra t  (Hoffman & 
Searle, 1968; Sti t t  et al., 1974). One  possible 
reason for this d i sc repancy  is that  the cur ren t  
s tudy employed  a relatively short,  pu re  tone 
pres t imulus ,  which may  no t  have been suffi- 
cient  to p roduce  faci l i tat ion.  

A ma jo r  conclus ion  o f  the  cu r ren t  s tudy is 
that  the' a m o u n t  o f  inh ib i t ion  afforded by  a 
complex  acoust ic  event is not  mere ly  an 
addi t ive  funct ion o f  the  inh ib i to ry  effects o f  
the different e lements  tha t  make  up  the event. 
For  instance, a tonal  onset is jus t  as inhibi tory  
as a f requency shift across  a gap (which 
includes a tonal  onset,  a tonal  offset, and  a 
f requency shift). One  possible exp lana t ion  o f  
this  is in t e rms  o f  sensory-neura l  adap ta t ion  
and the a m o u n t  o f  change tha t  occurs  in the 
overall pa t tern  o f  firing elicited by  the acoustic 
events wi th in  the  cri t ical  pe r iod  p r io r  to a 
startle-eliciting stimulus.  Al though the present  
findings are  consis tent  wi th  this  suggestion, 
fur ther  research that  emp loys  app rop r i a t e  
e lectrophysiological  t echniques  is requi red  to  
test it directly. Overal l ,  the  cu r ren t  s tudy has 
extended knowledge o f  the  reflex inh ib i to ry  
effects o f  complex  acoust ic  events  and  has  
provided  some di rec t ions  for fu ture  research 
into  the mechan i sms  under ly ing  reflex inhi-  
bit ion.  

References 

Cranney, J., Hoffman, H. S., & Cohen, M. E. (1984). 
Tonal frequency shifts and gaps in acoustic stimulation 
as reflex inhibitory events. Perception & Psychophysics, 
35, 165-172. 

Hoffman, H. S., & Ison, J. R. (1980). Reflex modification 
in the domain of startle: I. Some empirical findings 
and their implications for how the nervous system 
processes sensory input. Psychological Review, 87, 
175-189. 

Hoffman, H. S., & Searle, J. L. (1965). Acoustic variables 
in the modification of startle reaction in the rat. 
Journal of Comparative and Physiological Psychology, 
60. 53-58. 

Hoffman, H. S., & Scarle, J. (1968). Acoustic and temporal 
factors in the evocation of startle. Journal of the 
Acoustical Society of America, 43, 269-282. 

Hoffman, H. S., & Wible, B. (1969). Temporal parameters 
in startle facilitation by steady background stimulus. 
Journal of the Acoustical Society of America, 45, 7- 
12. 

Hoffman, H. S., & Wible, B. L. (1970). Role of weak 
stimulus in acoustic startle. Journal of the Acoustical 
Society of America, 47, 489-497. 

Ison, J. R. (1982). Temporal acuity in auditory function 
in the rat: Reflex inhibition by brief gaps in noise. 
Journal of Comparative and Physiological Psychology, 
96, 945-954. 

Ison, J. R., & Hoffman, H. S. (1983). Reflex modification 
in the domain of startle: I1. The anomalous history of 
a robust and ubiquitous phenomenon. Psychological 
Bulletin, 94, 3-17. 

lson, J. R., & Pinckney, L. A. (1983). Reflex inhibition 
in humans: Sensitivity to brief silent periods in white 
noise. Perception & Psychophysics, 34. 84-88. 

Kellogg, C., lson, J. R., & Miller, R. K. (1983). Auditory 
temporal resolution in rats: Effect of prenatal diazepam 
exposure. Psychopharmacologia, 79, 332-337. 

Marsh, R., Hoffman, H. S., Stitt, C. L., & Schwartz, 
G. M. (1975). The role of small changes in the acoustic 
environment in modifying the startle reflex. Journal 
of Experimental Psychology: Animal Behavior Pro- 
cesses, 1, 235-244. 

Stebbins, W. C. (Ed.). (1970). Animal psychophysics: The 
design and conduct of sensory experiments. New York: 
Appleton-Century-Crofts. 

Stitt, C. L., Hoffman, H. S., & Marsh, R. R. (1976). 
Interaction versus independence of startle-modification 
processes in the rat. Journal of Experimental Psychol- 
ogy: Animal Behavior Processes, 2, 260-265. 

Stitt, C. L., Hoffman, H. S., Marsh, R., & Boskoff, K. J. 
(1974). Modification of the rat's startle reaction by an 
antecedent change in the acoustic environment. Journal 
of Comparative and Physiological Psychology, 86, 826- 
836. 

Young, J. S., & Fechter, L. D. (1983). Reflex inhibition 
procedures for animal audiometry: A technique for 
assessing ototoxicology. Journal of the Acoustical Society 
of America, 73, 1686-1693. 

Received January 16, 1983 
Revision received May 1, 1984 • 


