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The present study deals with the effects of a vibrotactile prepulse on the acoustic startle reflex. 
An 85-dB(A) broadband noise was used to elicit the startle reflex, and the amplitude, latency, 
and probability ofintegrated electromyographic activity ofthe muscle beneath the eye were mea
sured. Experiment 1 involved the presentation ofvibrotactile prepulses at 20-dB SL to the hand, 
at lead times (stimulus onset asynchronies) ofO to 400 msec before the acoustic startle stimulus. 
When compared to control (no prepulse) responding, a vibrotactile prepulse with a lead time of 
25 msec caused a significant increase in response amplitude, while prepulses at lead times of 
150 to 400 msec inhibited response amplitude. Response latency was significantly reduced (there 
was facilitation) in comparison with results for the control condition, at lead times of 25, 50, 75, 
100, 200, and 350 msec. Experiment 2 involved presenting subjects with two prepulses (at lead 
times of 25 and 200 msec) on the same trial or on separate trials. Aprepulse at a lead time of 
25 msec caused an increase in response amplitude, but had no effect on response latency or prob
ability. Aprepulse at a lead time of 200 msec caused a decrease in response probability , but had 
no effect on response amplitude or latency. Response amplitude and probability were larger when 
both prepulses were presented on the same trial than they were when the 200-msec lead time 
prepulse was presented alone. These data support the hypothesis that the mechanisms for inhi
bition and facilitation of the human startle reflex are partially independent, and that crossmo
dal modification of the startle response may involve different mechanisms than those responsi
ble for modification within a single sensory system. 

Tbe purpose of the present study was to investigate the 
rnodification of a brainstern reflex by a weak stirnulus 
presented in a sensory rnodality different frorn that of the 
reflex~liciting stimulus. Tbe startle response, a brainstern 
reflex in response to a sudden intense stirnulus, has been 
studied in a variety of species, including hurnan beings, 
and at a range of ages in rats and hurnan beings. Tbe 
startle~liciting stimulus can be in any rnodality: tactile 
(Hoffman, Cohen, & Stitt, 1981), auditory (Blurnenthal 
& Berg, 1986a, 1986b; Graharn, 1980), or visual (Stitt, 
Hoffman, Marsh, & Schwartz, 1976). Tbe startle reflex 
can be rnodified by a suprathreshold change in the sen
sory environment prior to the presentation of the startle
eliciting stimulus. Tbis reflex rnodification is not depen
dent on learning, conditioning, or rnotivation on the part 
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of the subject (Hoffman & Ison, 1980). Tbe modifying 
prepulse can be in any rnodality: vibrotactile (Blurnen
thal & Gescheider, 1987), electrocutaneous (Graharn, 
1980), auditory (Graham, 1975; Stitt, Hoffman, & Marsh, 
1976), or visual (lson & Harnmond, 1971). Modification 
of the response occurs whether the prepulse and the star
tle stimulus are in the same or in different rnodalities (An
thony, 1985; Blurnenthal & Gescheider, 1987; Graharn, 
1980). 

Tbe procedure of reflex rnodification rnay have rnany 
practical applications, as, for exarnple, in audiornetry, or 
in other types of perceptual assessrnent that involve in
dividuals, such as infants or handicapped children and 
adults, who are difficult to test with standard psychophysi
cal rnethods (lson et al., 1986; Marsh, Hoffman, & Stitt, 
1978). Sensory thresholds and capabilities could be de
terrnined through the use of a range of prepulse intensi
ties, frequencies, durations, and so forth, in a startle 
rnodification session. For instance, as prepulse intensity 
is decreased, the point at which startle rnodification no 
longer occurs can be regarded as a threshold for detec
tion of the prepulse, regardless of rnodality. If the prepulse 
rnodifies the startle reflex, then the sensory system must 
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be functioning to some extent, at least up to the level of 
the midbrain, where the modification of startle is believed 
to occur (Leitner, Powers, & Hoffman, 1979). 

Aprepulse can result in reflex facilitation or inhibition, 
depending on the interval between the prepulse and the 
startle-eliciting stimulus (this stimulus onset asynchrony 
is referred to as "lead time"). It is possible to manipu
late response amplitude and latency independently of each 
other, which suggests that they are controlled by separate 
neural pathways. At a lead time of30 msec, a 70-dB SPL 
acoustic prepulse causes a facilitation of (decrease in) the 
latency of the eyeblink component of the human acoustic 
startle response to a 105-dB SPL eliciting stimulus, and 
an inhibition of (decrease in) blink magnitude. At a lead 
time of 120 msec, the acoustic prepulse has no signifi
cant effect on response 1atency, but inhibition of blink am
plitude is still significant (Graham & Murray, 1977). 
Blumenthal and Venna (1988) also found that a 70-dB 
SPL acoustic prepulse at a lead time of 50 msec caused 
a reduction of the amplitude of the human acoustic star
tle response to a 95-dB SPL eliciting stimulus, but 
response latency was not affected at this lead time.' Ison 
et al. (1986) have shown that an electrical prepulse in
hibits the amplitude of the electrically elicited startle 
response in humans beings, at lead times of 50 msec or 
greater. Also, Hoffman, Cohen, and English (1985) have 
shown that a tactile prepulse (glabellar tap) inhibits a tac
tile startle stimulus (glabellar tap) at a lead time of 
200 msec. 

If the prepulse and startle stimulus are in different mo
dalities, reflex modification varies as a function of 
prepulse lead time. Graham (1980) found that, with either 
a visual or an electrocutaneous prepulse at a short lead 
time « 100 msec), there was facilitation ofboth the mag
nitude and the latency of the human acoustic startle reflex. 
At longer lead times (> 120 msec), there was inhibition 
of reflex magnitude but no change in reflex latency. 2 

Reiter and lson (1977) found that a visual prepulse caused 
a slight facilitation of tactile blink amplitude (elicited by 
an airpuff to the side of the face). Blumenthal and 
Gescheider (1987), using 20-dB SL vibrotactile prepulses, 
found facilitation of the human acoustic startle response 
(increased amplitude and decreased latency) at a 50-msec 
lead time, and startle inhibition (decreased amplitude and 
probability , but no effect on latency) for prepulses at a 
2oo-msec lead time, supporting Graham's (1980) find
ings. These data, taken together with the data from the 
use of acoustic prepulses, show that, at lead times of ap
proximately 100 msec or more, the prepulses in all mo
dalities tested have a similar effect on the human acous
tic startle response (inhibition of response amplitude and 
no effect on response latency). However, at shorter lead 
times, differences between prepulse modalities are found. 
Prepulses in all modalities cause decreased response lat
ency, but response amplitude is inhibited by acoustic 
prepulses and facilitated by visual , electrocutaneous, and 
vibrotactile prepulses. This suggests that, at short lead 
times, response amplitude inhibition occurs if the prepulse 

and startle stimulus are in the same modality, and that 
facilitation occurs if they are in different modalities. It 
is dear that more research is necessary for these cross
modal priming effects to be explained. 

Using acoustic prepulses and measuring acoustic star
tle in rats, Stitt, Hoffman, and Marsh (1976) found that 
the response amplitude inhibition produced by a 64-msec 
lead time prepulse was not influenced by the presence of 
a 4-msec lead time prepulse. Also, the latency facilita
tion produced by the 4-msec lead time prepulse was not 
affected by the presence ofthe 64-msec lead time prepulse. 
They conduded that the independence of the modifica
tion effects of the two prepulses suggests that amplitude 
inhibition and latency facilitation are mediated by separate 
neural mechanisms. Alesion in the area of the lateral teg
mentum of the rat midbrain extinguishes the amplitude 
inhibition caused by aprepulse with a lead time of 
50 msec, but it has no effect on the latency facilitation 
caused by aprepulse at a 4-msec lead time (Leitner et al., 
1979). Also, the neural systems responsible for facilita
tion of startle in the rat have been found to mature earlier 
than those responsible for startle inhibition (Gallager, 
Kehne, Wakeman, & Davis, 1983). Ornitz, Guthrie, 
Kaplan, Lane, and Nonnan (1986) provide data that sug
gest that these independent mechanisms mature at differ
ent rates in the human infant as well. Graham and Mur
ray (1977) postulate that reflex amplitude inhibition may 
be due to the activity of a "transient" system, while reflex 
latency facilitation is due to the activity of a "sustained" 
system, which primes the startle pathway. These transient 
and sustained systems are based on short-time-constant 
and long-time-constant neurons, which have been identi
fied at all levels of the auditory pathway in cats and rats 
by Gersuni (1971). These neurons may fonn the basis for 
a physiological mechanism that accounts for the differ
ences in prepulse effects shown by modification of 
response amplitude and response latency. Given our 
knowledge of the physiology of reflex modification in sub
human species, this research can support inferences con
cerning the mechanisms underlying human stimulus 
processing. 

Given the findings of Blumenthal and Gescheider (1987) 
and Graham (1980), it was predicted in the present study 
that a vibrotactile prepulse would cause acoustic startle 
reflex facilitation at short lead times, shown by both 
decreased latency and increased amplitude. At longer lead 
times, the inhibition of response amplitude was predicted, 
with no significant effect on response latency. These 
predictions were tested in Experiment 1. On the basis of 
the results, a second experiment, analogous to that of Stitt, 
Hoffman, and Marsh (1976), was perfonned. In Experi
ment 2, human subjects were presented with one or two 
prepulses on each trial. One of the prepulses had a lead 
time that nonnally would cause facilitation of the startle 
reflex; the other prepulse had a lead time that nonnally 
would cause inhibition of the startle reflex. For the two
prepulse condition, it was predicted that there would be 
a compensation of the facilitatory effects of one prepulse 
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by the inhibitory effects of the other prepulse, resulting 
in an attenuation of the effect found with each prepulse 
separately. 

EXPERIMENT I 

Method 
Subjects. Fourteen college undergraduates (6 males and 8 fe

males), with an average age of 20 years and 2 months (range = 
18 years, 5 months to 21 years, 9 months), participated in Experi
ment I. All of the students were in good health and reported no 
history of hearing loss. 

ApparatWi. The vibrotactile stimuli were produced by a Ling 203 
Shaker (vibrator) attached to a 3.0-cm' contoured circular contac
tor , which protruded through a hole in a rigid table next to the sub
ject's chair in the testing booth (in order to restrict vibration to the 
immediate vicinity ofthe vibrator). The stimulus that activated the 
vibrator was produced by a Hewlett-Packard 200 AB audio oscil
lator, gated through a Coulboum electronic switch and a Oaven 
step attenuator, followed by a Grason-Stadler E2362A continuous 
recording attenuator. The signal was then amplified by a Crown 
D60 stereo amplifier and presented to the vibrator. The vibrator's 
movement was monitored with an Endevco 22210 accelerometer 
and an Endevco charge amplifier; a Keithley 179A voltmeter was 
used to measure the accelerometer output. The sound made by the 
vibrator was masked by a 4O-dB(A) noise stimulus delivered con
tinuously by an EPI 1200 loudspeaker. This noise was produced 
by a Grason-Stadler 90IB white-noise generator, which was filtered 
through an Allison Labs 24ABR filter set at a high-frequency cutoff 
of 75 Hz. 

The acoustic startIe stimuli were produced by a Coulboum noise 
generator, gated through a Coulboum electronic switch, and am
plified by a Crown D60 stereo amplifier, the output of which was 
presented to the subject by a second EPI 1200 loudspeaker. A 
General Radio 1551 C sound level meter was used to check the sound 
intensity. A Hewlett-Packard 4000 voltmeter was used to check 
the voltages applied to the speakers. 

The eyeblink component of the startIe reflex was measured with 
Beckrnan miniature biopotential electrodes, which detected the elec
tromyographic (EMG) activity of the periorbital flexor musde 
around the eye (orbicularis oculi). A Coulboum high-gain bioam
plifier/coupler, with filters passing 90-250 Hz, was used to am
plify the EMG signal. A Coulboum contour-following integrator 
(with a time constant of 80 msec) rectified and integrated the out
put. The output of the bioamplifier was also displayed on-line by 
a Tektronix 5111 storage oscilloscope. The integrated EMG was 
digitally sampled every 2 msec for 500 msec after the onset of the 
vibrotactile prepulse, by an Apple 11+ microcomputer (12-bit ac
curacy). In the control condition, the computer started sampling 
at the onset ofthe startJe pulse. These sampies were then displayed 
on the monitor screen and stored on the computer disko 

Procedure. The area under the subject's left eye was deansed 
with a cotton swab soaked in a1cohol, and two electrodes were then 
placed below the eye, as dose to the bottom of the eyeball as pos
sible without impairing the subject's eye movernent. One ofthe elec
trodes was several millimeters below the pupiI, and the other was 
irnmediately temporal to and slightly higher than the first. A ground 
electrode was placed on the subject's left forearm. The subject was 
then seated in the testing booth and asked to look at the stereo speaker 
(to minimize extraneous eye movements). The subject placed the 
thenar eminence of the right hand on the vibrator disko The ex
perimenter explained that the right arm could rest on the table 
through which the disk protruded, but that the hand was not to be 
moved at any time during the session. 

The startle stimulus was an 85-dB(A) SPL broadband noise 
(20 Hz-20 kHz), with a 50-msec duration and a linear rise/fall time 

of I msec delivered from a loudspeaker located 1.5 m in front of 
the subject. The vibrotactile prepulse was a 75-Hz vibration deliv
ered to the thenar eminence of the right hand by a vibrating disko 
The duration of the vibration, from the beginning of the rise to the 
beginning ofthe fall, was 20 msec, with a rise/fall time of 5 msec. 
The intensity of vibration was 20 dB above each individual sub
ject's psychophysical threshold (SL). The intertrial interval aver
aged 20 sec (range = 15-25 sec). The prepulse was delivered at 
a lead time (stimulus onset asynchrony) ofO, 25, 50, 75, 100, 150, 
200,250,300,350, or 400 msec, with a control condition in which 
no prepulse was delivered. 

The Bekesy tracking rnethod was used to deterrnine the vibrotactile 
threshold (Bekesy, 1947). A 20-msec-Iong, 75-Hz vibrotactile stimu
lus was presented every 600 msec, and the subject controlIed the 
intensity of this stimulus by holding down a switch (decreasing the 
intensity ofthe pulses) when the vibration could be feit, and releasing 
the switch (increasing the intensity of the pulses) when the vibra
tion could not be feit. After oscillation around the threshold level 
for I to 2 min, the threshold reading was laken with the Keithley 
voltmeter. The vibrotactile stimulus intensity was then increased 
by 20 dB. Stimuli were presented in eight blocks of 12 trials each, 
with each trial induding one instance of each of the 12 stimulus 
conditions (11 lead time conditions and the control condition). The 
order of stimulus presentation within each trial block was randomly 
deterrnined. 

The response amplitude was laken as the difference between the 
level of the integrated EMG at response onset and at the peak of 
the change in the slope of the integrated EMG. The latency was 
the time between the onset of the startIe pulse and the onset of the 
response. Only responses beginning between 20 and 100 msec af
ter the startIe pulse onset were exarnined in order to limit analysis 
to stimulus-elicited blinks. The probability of responding was de
terrnined by dividing the number of nonzero trials by the total num
ber oftrials. BlumenthaI and Berg (1986b) describe response anal
ysis techniques used in this area of research. The data were ana1yzed 
using aseparate MANOVA (BMOP4V) for each dependent mea
sure (startle amplitude, latency, and probabiltiy), and contrasts 
within the MANOVA were used to follow up significant effects 
and to compare each prepulse condition with the control condition. 
MANOV A was used to guard against violations of the assumption 
of sphericity, and conservatively corrected degrees of freedom 
(Greenhouse-Geisser) are reported. To follow up some of the sig
nificant main effects within groups, t tests were used. Sex (2 levels) 
was a between-subjects factor, and lead time, or stimulus onset asyn
chrony (11 levels), was a within-subject factor. 

Results 
There was no significant difference between males and 

females in response amplitude, so the results for the two 
groups were pooled for subsequent analyses. Response 
amplitude varied as a function of lead time [F(4,43) = 
10.48, P < .0001; see Figure 1]. At a lead time of 
25 msec, response amplitude was significantly increased 
compared with the amplitude in the control condition 
[F(1,12) = 28.31, P < .001]. At lead times ofO, 5075, 
and 100 msec, response amplitude did not differ signifi
cantly from the amplitude in the control condition. A 
prepulse caused a significant decrease in response ampli
tude at lead times of 150, 200, 250, 300, 350, and 
400 msec [F(1,12) = 10.24,7.47,7.29,8.69,5.07, and 
6.10, respectively,ps < .05]. 

For response latency, a significant sex effect was found 
[F(I,12) = 12.99, P < .005], as was a sex x lead time 
interaction [F(5,65) = 2.73, P < .025; see Figure 2]. 
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Figure 1. Acoustic startle response amplitude as a function of 
vibrotactile prepulse lead time. 

In the control condition, male response latency was greater 
than female response latency [t(12) = 3.24, p < .01]. 
However, if the analysis was conducted without data from 
the 400-msec lead time condition, the sex X lead time 
interaction was not significant. Tbe difference between 
the 400-msec lead time prepulse condition and the con
trol condition was significantly different for males and 
females [t(12) = 3.74, p < .005]. When data were 
pooled across sex, latency was significantly reduced com
pared to the control latency, at lead times of 25, 50, 75, 
100, 200, and 350 msec [F(I,12) = 5.19, 8.36, 7.84, 
5.15,6.16,and8.05,respectively,ps< .05]. Tberewas 
no significant difference in response latency between the 
control condition and trials with lead times ofO, 150,250, 
or 300 msec. 

There was a significant difference in response proba
bility between males and females [F(1,12) = 8.35, 
P < .025; see Figure 3]. A lead time effect was also 
found [F(4,47) = 4.03, P < .01]. Although the sex x 
lead time interaction was not significant, probability 
tended to decrease more for males than for females as lead 
time increased. Response probability in the control con
dition was not different for the two sexes. Only a lead 
time of 350 msec caused a significant decrease in prob
ability from that ofthe control condition [t(13) = 2.73, 
p < .025], and this only occurred in males [comparing 
males to females for the difference between the control 
andLT350conditions, t(12) = 2.18,p < .05]. Female 
response probability was not inhibited at any lead time. 

Tbe correlation between response amplitude and 
response latency was negative in aU cases, and was mar
ginally significant in the control condition (r = -.513, 
with the critical value for p < .05 being r = -.531), 
not significant at lead times of 0, 25, and 50 msec, and 
significant (at p < .05) at lead times of 75 to 400 msec 
(r ranged from -.550 to -.7f1J). At lead times of75 msec 
or greater, larger responses also tended to be faster 

responses, and this relationship was not as pronounced 
at lead times less than 75 msec. Correlations between 
response amplitude and probability , and between response 
latency and probability , were not significant in any con
dition. 

Discussion 
The present study confirms Blumenthai and 

Gescheider's (1987) conclusion that modification of the 
human acoustic startle reflex varies as a function of the 
lead time of a vibrotactile prepulse. Tbe prepulse facili
tated response amplitude at a lead time of 25 msec and 
response latency at lead times of 25, 50, 75, 100, 200, 
and 350 msec. At longer lead times (150 to 350 msec), 
the prepulse inhibited response amplitude, but it did not 
reliably affect response probability . Aprepulse at a lead 
time of 25 msec caused maximum facilitation of the star-
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Figure 2. Acoustic startle response Iatency as a function of 
vibrotactile prepulse lead time. 
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tle response (i.e., increased response amplitude and 
decreased response latency). Since response amplitude 
facilitation has never been demonstrated in human beings 
when a discrete acoustic prepulse at lead times below 
100msec has been used, the fact that the vibrotactile 
prepulse caused an increase in response amplitude indi
cates that there is a fundamental difference between the 
effect of a vibrotactile prepulse and the effect of an acous
tic prepulse. Graham (1980) found that the effect of a 
prepulse on human startle response latency is similar (i.e., 
there is a decrease in latency) no matter what the modal
ity ofthe prepulse (acoustic, visual, or electrocutaneous). 
The vibrotactile prepulses in the present study appeared 
to increase the efficiency ofthe acoustic startle stimulus, 
yielding larger and faster responses. A similar form of 
crossmodal priming, with a stimulus in one modality 
facilitating the processing of a startle stimulus in a differ
ent modality, has been found by Anthony and Graham 
(1983, 1985) and by Hackley and Graham (1983). 

At a lead time of 200 msec, response amplitude was 
reduced (i.e., there was inhibition) compared to that in 
the control condition, and response latency was also 
reduced (there was facilitation), suggesting that two in
dependent neural mechanisms may be at work. The in
hibitory and facilitory effects found for response ampli
tude are generally not present for response probability . 
Because of a ceiling effect, a significant effect on proba
bility may not be easy to detect (Blumenthal & Berg, 
1986b; Blumenthal & Gescheider, 1987). Since the prob
ability of responding was so high for the control condi
tion, and since there is a maximum level that response 
probability can achieve (100%), it was very difficult to 
facilitate a response probability comparable to that in the 
control condition. Also, ifthe startle stimuli are norrnally 
so effective that response probability is maximal, the 
presence of aprepulse may not decrease this effective
ness enough for inhibition to appear. This problem could 
be circumvented with less effective startle stimuli, thereby 
reducing probability in the control condition and allow
ing potential inhibitory or facilitory effects to appear 
(Blumenthal, 1988). 

A sex x lead time interaction was found for response 
latency, due to lower latency in females than in males for 
very short or very long lead time conditions. Also, a sex 
effect for response probability indicates that male response 
probability was generally lower than female response 
probability . No effect of sex on response amplitude was 
found. Blumenthal and Gescheider (1987) found similar 
sex effects, with females having lower response latency 
and higher response probability than males. 

EXPERIMENT 2 

A second experiment was performed to investigate the 
effect of presenting two vibrotactile prepulses on the same 
trial. For the present study, lead times of25 and 200 msec 
were chosen, because both had a dear effect on response 
amplitude (facilitation at 25-msec lead time and inhibi-

tion at 200-msec lead time) and response latency (facili
tation at both 25- and 200-msec lead time) in Experi
ment I. It was predicted that the 25-msec lead time 
prepulse would increase response amplitude and decrease 
response latency, and that a 200-msec lead time prepulse 
would decrease both response amplitude and response lat
ency. Presentation of both prepulses on the same trial was 
expected to have an intermediate effect on response am
plitude, and to decrease response latency. 

Method 
Subjects. Tbirteen college undergraduates (8 males and 5 fe

males), with an average age of 20 years and ll months (range = 
18 years, 2 months to 22 years, 6 months) participated in the ex
periment. Tbe subjects were selected in the same way as in Ex
periment I. 

Apparatus and Procedure. The apparatus and procedure were 
the same as in Experiment I, with a few exceptions. Tbe stimuli 
for the second experiment were the same as those in Experiment I 
with respect to intensity, duration, bandwidth, and rise/fall time. 
The only difference was that the prepulse was delivered at a lead 
time of25 or 200 rnsec, or that two prepulses were delivered dur
ing the same trial at lead times of25 and 200 rnsec. There was also 
a control condition in which no prepulse was delivered. The order 
of stimulus presentation was detennined by presenting blocks of 
4 trials each, with each trial block inc1uding (in random order) one 
of each offour stimulus conditions: control (with 110 prepu]se), single 
prepulse at 25-rnsec lead time (L 1'25), single prepulse at 200-rnsec 
time (L 1'2(0), two prepulses (one at 25-msec lead time, one at 200-
rnsec lead time) (LT25/200), for a total of 40 trials (10 at each con
dition). Contrasts in a MANOVA were used to compare each trial 
condition (L 1'25, L 1'200, L 1'2512(0) with the control, and to com
pare each trial condition to each of the other trial conditions. Sub
ject sex was inc1uded as a between-subjects factor in these ana1yses. 

Results 
There was no significant difference between males and 

females in response amplitude, which was similar to the 
finding in Experiment 1, so the results for the two groups 
were pooled. The LT25 condition resulted in larger 
responses than those in the control condition [F( 1 , 11) = 
9.69, p < .01], the LT200 condition [F(I, 11) = 17.93, 
p < .005], and the LT25/200 condition [F(l,l1) = 9.48, 
p < .025; see Figure 4]. Responses were also smaller 
in the L T200 condition than in the L T25/200 condition 
[F(I,ll) = 5.82, P < .05]. There was no significant 
difference between the control condition and either the 
LT200 condition or the L T25/200 condition. The differ
ence from control was less pronounced when both 
prepulses were presented than when the L T25 prepulse 
was presented alone [F(1,ll) = 9.48, p < .01], suggest
ing that the presence of the 200-msec lead time prepulse 
attenuated the facilitory effect of the 25-msec lead time 
prepulse. Also, the difference from the control was less 
pronounced when both prepulses were presented than 
when the LT200 prepulse was presented alone [F(1,Il) 
= 5.82, p < .05], suggesting that, even though the 200-
msec lead time prepulse did not result in significant inhi
bition, there was at least a tendency in that direction. 

For response latency, a significant sex effect was found 
[F(l, 11) = 4.94, P < .05], illustrated by shorter latency 
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Figure 4. Acoustic startle response amplitude for triaIs with zero, 
ODe, or two vibrotactile prepulses. 

for females than for males, which was similar to the find
ing in Experiment 1 (see Figure 5). This was due to the 
fact that the L TIoo prepulse decreased latency relative 
to the control condition in females but not in males 
[F(1,l1) = 10.49, p < .01]. There was no significant 
sex difference in response latency for the control condi
tion, contrary to the findings in Experiment 1. The LTI5 
condition resulted in faster responding than in the con
trol condition [F(1, 11) = 4.86, p < .05], but the condi
tion with both prepulses was not significantly different 
from the control [F(1,l1) = 3.60, p < .085]. 

There was no significant difference between males and 
females in response probability , which was similar to the 
finding in Experiment 1 at lead times of25 and 200 msec, 
so the results of the two groups were pooled. Probability 
in the L TIoo prepulse condition was significantly lower 
than that in the control condition [F( 1 , 11) = 7.87, 
P < .025] and that in the LTI5 prepulse condition 
[F(I,l1) = 10.35, p < .01; see Figure 6]. Neither the 
L TI5 condition nor the L TI5/2OO condition differed sig
nificantly from the control condition, nor did these differ 
significantly from each other. The response probability 
was marginally, but not significantly, greater for the L TI5 
condition than for the LTI5/2oo condition [F(1,l1) = 
4.73, p < .053]. Since probability was inhibited by the 
L TIoo prepulse when the prepulse was presented alone, 
but not when it was accompanied by the L TI5 prepulse, 
it may be the case that the short lead time prepulse actu
ally had a slight facilitory effect on response probability , 
as was indicated by its ability to partially compensate for 
the inhibition caused by the long lead time prepulse. 

Discussion 
Presenting two prepulses in the same trial caused a com

bining of the effects of the individual prepulses for 
response amplitude and probability , but there was no sig
nificant effect on response latency. The 25-msec lead time 
prepulse caused an increase in response amplitude when 

presented alone, and this increase was attenuated by the 
presence of a 2oo-msec lead time prepulse on the same 
trial. The single 200-msec lead time prepulse did not result 
in significant inhibition of response amplitude, failing to 
replicate the results of Experiment 1, and also failing to 
replicate the fmdings of Blumenthal and Gescheider 
(1987), although there was a slight trend toward inhibi
tion. The reason for this lack of a significant effect is not 
dear, but it may be due to the presence of a varying num
ber of prepulses on a particular trial. Since multiple 
prepulses have not been used extensively in human star
tle modification studies, the reason for this lack of repli
cation is not dear. 

Response latency was facilitated by the 2oo-msec lead 
time prepulse in females, but not in males, and by the 
25-msec lead time prepulse in both females and males, 
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Figure S. Acoustic startle response latency for trials with zero, 
one, or two vibrotactile prepulses. 
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in support of the findings in Experiment 1. Presenting two 
prepulses on the same trial did not significantly affeet 
response latency. The interaction between subjeet sex and 
prepulse lead time for this measure confuses this lack of 
replication, since the latency effeets shown in Figure 5 
are more pronounced for females than for males. What 
these sex differences suggest is that there may be genuine 
difference in response latency between males and females 
in studies involving vibrotactile prepulses, with female 
latency being shorter (since similar effects were also found 
by Blumenthal & Gescheider, 1987, who used prepulses 
similar to those in the present study). However, these sex 
differences are not reliable at present. 

Response probability was inhibited by the 200-msec lead 
time prepulse, but no effeet of the 25-msec lead time 
prepulse was found. These findings partially support those 
in Experiment 1, where the 25-msee lead time prepulse 
had no effeet on probability (possibly due to a ceiling ef
feet), and the 200-msee lead time prepulse also had no 
significant effeet on response probability-although the 
data suggest a slight but not significant trend toward in
hibition [F(1,12) = 3.25, p < .097]. 

As in Experiment 1, a sex X lead time interaction was 
found for response latency, and no effeet of sex on 
response amplitude appeared. The effeet of sex on 
response probability found in Experiment 1 was not found 
in Experiment 2, perhaps because of the difference in the 
number of lead time conditions used in the two studies. 
While these sex differences may be spurious, they may 
also be genuine, caused by variations in sensitivity to 
stimuli in females as a function of their menstrual cycle 
(Davis & Ahroon, 1982; Gescheider, Verrillo, McCann, 
& Aldrich, 1984). There were no significant sex differ
ences in vibrotactile threshold, but response latency in the 
control condition was lower for females than for males 
(response amplitude and probability showed no signifi
cant sex differences in the control condition). These sex 
differences appear to involve greater sensitivity to the 
acoustic startle stimulus in females than in males, indepen
dent of the vibrotactile prepulse (although this greater sen
sitivity is specific to the response latency measure). In 
fact, the amount of inhibition or facilitation caused by the 
prepulse was generally not significantly different for the 
two sexes. Information regarding position in the menstrual 
cycle was not colleeted in the present study, which makes 
these sex effects difficult to interpret. We recommend that 
researchers who use vibrotactile prepulses in startle 
modification studies colleet infonnation regarding the 
menstural cycle of their female subjeets, if possible, since 
this infonnation may be useful for the explanation of this 
unexpected influence of sex on reflex elicitation and 
modification. 

GENERAL DISCUSSION 

The current experiments involved an attempt to evalu
ate a crossmodal interaction that has different effeets on 
the startle reflex, depending on the lead time at which the 

prepulse is presented. The findings clearly show that the 
human acoustic startle reflex can be modified by a weak 
vibrotactile prepulse. The effeet of a vibrotactile prepulse 
is different from the effeet of an acoustic prepulse, be
cause the vibrotactile prepulse causes an increase in amp
litude at short lead times, while this effeet has not been 
demonstrated with an acoustic prepulse. At longer lead 
times, a vibrotactile prepulse generally causes a reduc
tion of response amplitude, an effeet that is also found 
with acoustic and visual prepulses (Graham, 1980). A 
prepulse at a short lead time causes a deerease in response 
latency, and this effeet is similar across modalities (Gra
ham, 1980). Using pigeons, Stitt, Hoffman, Marsh, and 
Schwartz (1976) have shown that latency facilitation re
quires a more intense prepulse than does amplitude inhi
bition. 

A vibrotactile prepulse at a 25-msec lead time caused 
a significant increase in acoustic startle response ampli
tude. Given the conduction time for tactile input from the 
hand to the rnidbrain of 15-20 msec in human beings 
(Desmedt & Cheron, 1982), the tactile and acoustic acti
vation may overlap in this condition. Gescheider, Kane, 
Sager, and Ruffolo (1974) provide evidence that suggests 
that auditory stimulation may facilitate neural activity in 
the vibrotactile system, when acoustic and tactile stimuli 
are presented simultaneously to human subjects. Response 
facilitation by a stimulus presented simultaneously with 
the startle stimulus is a well-established finding with 
respect to human beings (Hoffman et al., 1981). Similar 
crossmodal facilitation was clearly seen at short lead times 
in the present study, and this type of facilitation may be 
difficult to see if the prepulse and startle pulse are in the 
same modality, due to the fact that the startle pulse could 
mask the prepulse, preventing the prepulse from being 
effeetive. In order to see if this facilitation by a simulta
neous prepulse is due to peripheral or central processes, 
the prepulse and startle stimulus could be presented in the 
same modality but activate spatially separate receptors 
(i.e., different critical bands in the acoustic system, differ
ent reeeptor types in the tactile system, different 
wavelengths in the visual system). 

When two prepulses were presented on the same trial, 
the inhibition of response probability caused by the long 
lead time prepulse was attenuated by the presence of the 
short lead time prepulse. For response amplitude, the 
facilitation caused by a short lead time prepulse was at
tenuated by the presence of the long lead time prepulse. 
The facilitation caused by the short lead time prepulse may 
be less pronounced if the response to the startle stimulus 
has already been inhibited by the long lead time prepulse, 
illustrating an interaction of the inhibition and facilitation 
effeets produced by the two prepulses on a single trial. 

Using acoustic prepulses and measuring acoustic star
tle in rats, Stitt, Hoffman, and Marsh (1976) suggest that 
startle reflex amplitude inhibition and latency facilitation 
are mediated by separate neural mechanisrns. Graharn and 
Murray (1977) speculate that these meehanisms may be 
based on the transient and sustained neurons described 



322 BLUMENTHAL AND TOLOMEO 

by Gersuni (1971). The present studies support this 
hypothesis, and show that startle amplitude and latency 
can be modified in different ways by crossmodal stimu
lation. Knowledge of the interactions between sensory mo
dalities can aid in the determination of normal and poten
tially deficient stimulus processing, and the startle 
modification paradigm provides a noninvasive way to as
sess perceptual functions, and to thereby infer the mecha
nisms underlying stimulus processing. 
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NOTES 

1. Sorne researchers in this area report average response magnitude, 
while others report average response amplitude. In most cases, response 
magnitude is the product of response amplitude and response probabil
ity . The distinction between response magnitude and amplitude becomes 
important as response probability decreases. See BlumenthaI and Berg 
(l986b) for a description ofthese differences in response measurement. 

2. For readers who refer to Graham (1980), note that the y-axis of 
Figure 35.2 (p. 514) is mislabeled. Since facilitation of Iatency involves 
a decrease below controllevels, the y-axis should be labeled "Percent 
Facilitation." As it is presently labeled, this graph suggests that lat
ency increased in the presence of a prepuJse, when it actuaIIy decreased' 
AIternatively, the functions for Iatency data could be inverted, making 
the current y-axis correct. 
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