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INTRODUCTION 

Investigations of human vibrotactile sensitivity as a 

function of frequency, duration, location of stimulation, and 

contactor size have led to the formulation of the duplex model 

of m e c han o r e c e p t i on ( V e r r i I I o , 1 9 68 ) • I t h a s b e en p r o p o s e d 

that two receptor systems, differing in their frequency re

sponse and in their abi I ity to integrate stimulus energy spa

tially and temporally, mediate the perception of mechanical 

disturb~nce in the skin. 

The relationship between vibrotactile thresholds and 

stimulus frequency has been established by a number of inves

tigators. The studies uti I izing extremely smal I contactors 

reported vibratory displacement thresholds which were indepen

dent of frequency (Gel dard, 1940; Sherrick, 1960). However, 

pronounced frequency effects were reported in studies employ

i n g I a r g e con t a c tor $ ( 8 e k ~ s y , 1 9 39 ; G i I me r , 1 9 3 5; H u g on y , 

1 9 3 5; Knudsen , 1 9 28 ; Set z e p fan d , 1 9 3 5; Sherr i c k , 1 9 53 ) • I n 

examining the joint effects of contactor size (range: .005 

to 5.1 crn2) and stimulus freq.uency on the human vibrotactile 

threshold function, Verril lo (1963) found two distinct modes 

of psychophys i ca I response, as is iII ustrated in Fig. 1. For 

all but the small est contactors, the threshold function had 

two distinct segments. At high frequencies, the function was 

U-shaped with lowest threshold at approximately 250Hz. At 
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Figure 1. Vibrotactile thresholds as a function of 
frequency of vibration. The two modes of response are shown 
by the flat function drawn through the data for the smallest 
contactors (.005 cm2 and .02 cm2) and the U-shaped curves 
described by the data of the larger contactors. Taken from 
Fig. 7, Verril lo, R. T., Journal of the Acoustical Society 
of America, 1963, 32, 1962. 
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lower frequencies, the function tended to be flat. For fre

quencies above 40 Hz, and for contactors greater than .02 cm2, 

a doubling of contactor area resulted in an approximate 3 dB 

decrease in the displacement amplitude required for the de

tection of vibration, indicating complete spatial summation 

of stimulus energy. For frequencies below 40Hz, or for con

tactor areas of .02 cm2 or smaller, vibrotactile threshold 

was independent of contactor size. In addition, threshold 

for the smallest contactors was a constant value for alI fre

quencies in the measured range (25-640 Hz). Recently, Gesch

eider (1976) has repeated and confirmed Verril lo's measure

ments and Verril Jo and Gescheider (1977) have found that the 

flat, low-frequency portion of the threshold function extends 

to frequencies as low as 10 Hz. 

Verril lo (1963) concluded from his findings that at 

least two functionally independent populations of receptors 

were responsible for vibrotactile sensitivity in the human. 

This notion that two processes may be involved in vibrotaction 

was original Jy suggested by Bekesy (1939). Verril lo (1966a) 

was able to compare his psychophysical findings with the elec

trophysiological data of Sato (1961), who recorded frequency

response characteristics of Pacinian corpuscles in the cat. 

The relationship between the human vibrotactile frequency-re

sponse function measured psychophysically and the frequency

response function of Pacinian corpuscles suggests a possible 

mechanism mediating vibratory sensitivity. The slope of both 
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functions between 40-250 Hz is approximately -12 dB per dou

bling of stimulus frequency, with each curve exhibiting maxi

mum sensitivity between 250-300 Hz. From this comparison, 

Verril lo (1966b) suggested that the Pacinian corpuscle medi

ated the detection of higher frequencies of vibration in the 

human and was responsible for the U-shaped portion of the 

human vibrotactile threshold function. 

Investigations by Verril lo (1965) concerning the ef

fects of stimulus duration and contactor area on vibrotactile 

threshold again revealed a duality of psychophysical response, 

as is evident in Fig. 2 which shows vibrotactile threshold 

shift as a function of stimulus duration. For contactor areas 

greater than .02 cm2, threshold decreased as stimulus dura

tion increased to a maximum of 1 .o sec. No temporal summa

tion was evident when contactor area was reduced to .02 cm2 

or sm a I I e r • G esc he i de r ( 1 9 7 6 ) found no tempo r a I summa t i on for 

I ow-frequency stimuli. 

To further clarify the relationship between the response 

characteristics of the two receptor systems and the spatial 

and temporal characteristics of cutaneous input channels, a 

series of studies was conducted by Verril lo (1968) comparing 

frequency, spatial, and temporal characteristics of skin sur

faces known to contain Pacinian corpuscles (the thenar emi

nence of the hand, the ventral surface of the tongue, the 

volar forearm) and those areas known to be devoid of such re

ceptors (the dorsal surface of the tongue). Vibrotactile 
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Figure 2. Vibrotactile threshold shift as a function 
of burst duration. The curve is theoretical. The effect of 
temporal summation decreases with the size of the contactor. 
Taken from Fig. 4, Verril lo, R. T.~ Journal of the Acousti
cal Society of America, 1965, 37, b4. 
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thresholds measured from body sites innervated by Pacinian 

corpuscles were found to be dependent on stimulus frequency, 

duration, and contactor area, whereas thresholds obtained 

from sites devoid of Pacinian receptors were independent of 

these three stimulus parameters. These results lend support 

to Verril Jo's proposal that there are at least two separate 

systems for the detection of vibration in humans: the system 

identified with the Pacinian corpuscle is governed by aU

shaped threshold versus frequency function and exhibits both 

spatial and temporal summation; the other presumably non-Pa

cinian system, which has not yet been positively identified 

with a specific receptor, has a flat frequency response, and 

exhibits neither spatial nor temporal summation. 

The work of Lindblom (1965), Lindblom and Lund (1966), 

and Mountcastle and his associates (Mountcastle, LaMotte, & 

Carli, 1972; Talbot, Oarian-Smith, Kornhuber, & Mountcastle, 

1968) has indicated a strong correlation between physiological 

responses of low-frequency and high-frequency sensitive mechan

oreceptive afferents innervating the hand of the monkey as is 

illustrated in Fig. 3, and the vibrotactile threshold function 

measured from the glabrous skin of the human hand. The Mount

castle group has consistently found two populations of quick

ly-adapting fibers. One population has aU-shaped frequency

response function, with optimal sensitivity around 250Hz, 

and is thought to be associated with Pacinian corpuscles. The 

other population, with optimal sensitivity between 30-40Hz, 
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Figure 3. Median thresholds as a function of fre
quency of vibration measured el ectrophysiological ly from 
the single-fiber afferents innervating the Pacinian and 
non-Pacinian receptors in the monkey hand (Talbot et al ., 
1968). Measurements were made without a rigid surround. 
These curves are identical to the Mountcastle et al. (1972) 
record i n g s except i n sen s i t i v i t y I eve I • ( Oat a aver a g i n g 
courtesy of R. Hamer.) 
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is thought to be associated with Meissner corpuscles. 

Attempts to psychophysically isolate the frequency-re

sponse characteristics of the two systems in humans have met 

w i t h I i m i t e d s u c c e s s • E I e c t r o ph y s i o I o g i c a I r e c or d i n g s from 

Pacinian corpuscles (Ma-zenich & Harrington, 1969; Sato, 1961; 

Talbot et al ., 1968) indicate that the U-shaped threshold 

curve for single fibers extends to frequencies as low as 10 

Hz. Furthermore, thresholds for Pacinian fibers at frequen

cies below approximately 40Hz are higher than the thresholds 

for non-Pacinian fibers (see Fig. 3). This finding suggests 

that a low-frequency stimulus, when sufficiently above the 

psychophysical threshold can activate the Pacinian as wei I as 

the non-Pacinian system. Hamer and Verril lo (1975) predicted 

that a masker below 40Hz would not interfere with the detec

tion of a test signal above 40Hz until its intensity level 

was raised to exceed the theoretical extension of the Pacinian 

threshold function illustrated in Fig. 4. This is based on 

the assumption that psychophysical thresholds are mediated by 

the receptor system with the lower threshold. Hamer and Ver

ril lo determined that shifts in threshold response to a 250 

Hz signal occurred as a function of masker frequency. Contin

uous maskers of 20, 30, and 40Hz failed to elevate the thresh

old response of a pulsed 250Hz signal until masker intensi

ties were increased to 22.5 dB SL, 15.5 dB SL, and 13.0 dB SL, 

respectively. Above these intensity levels, breakpoints oc

curred in the masking function and test threshold rose I inearly 
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Figure 4 •. Hypothetical extensions of the psychophysi
cal threshold functions of the Pacini an (solid I ine) and 
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with further increases in masker intensity. Although the 

breakpoint intensities were approximately 10-12 dB above pre

dicted thresholds of the Pacinian system, the results were in

terpreted as indicati~g independent processing of the two 

mechanoreceptive channels below breakpoint intensity. 

Verril lo and Gescheider (1977) have approached the prob

lem of psychophysically isolating the frequency-response char

acteristics of the two systems through a selective adaptation 

paradigm. The threshold of the low-frequency system was ele

vated with a 10Hz conditioning stimulus to the extent that 

it was higher at alI frequencies than the threshold of the 

high-frequency system. The threshold of the unadapted high

frequency system was then measured, yielding a U-shaped psy

chophysical function with a constant slope of -12 dB/octave, 

down to 15Hz. These results indicated that the 10Hz condi

tioning stimulus, when raised to a maximum intensity of 30 dB 

SL, had no effect on the detection of high-frequency stimuli 

(40-250 Hz), as detection of these frequencies was mediated 

solely by the unadapted high-frequency system. However, at 

test frequencies below 40Hz, the effects of the conditioning 

stimulus were substantial and the decrease in sensitivity of 

the low frequency system was proportional to the intensity of 

the conditioning stimulus. 

Recently, Gescheider, Capraro, Frisina, Harner, and Ver

ril Jo (in press) have employed the selective adaptation proce

dure to examine the low-frequency branch of the threshold 
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function. A 250Hz conditioning stimulus was shown to uni

formly elevate the Pacinian branch of the threshold function 

by approximately 11 dB, while leaving the sensitivity of the 

non-Pacinian system unaffected. Selective adaptation of the 

Pacinian system had the effect of extending the flat portion 

of the curve out to higher frequencies. The entire curve for 

the low-frequency system could not be measured, however, be

cause adapting the Pacinian branch of the curve by more than 

about 12 dB was associated with corresponding elevations in 

thresho~d along the flat portion of the curve. 

The purpose of the present investigation was to isolate 

and psychophysically measure the frequency-response character

istics of the two vibrotactile systems using a masking para

digm adopted from auditory research. Both physiological and 

psychophysical paradigms have been uti I ized to study the fre

quency-response characteristics of hypothetical channels in 

the auditory system. One el ectrophysiological procedure es

tablished in mammals (e.g. Kiang, Watanabe, Thomas & Clark, 

1965) entails measuring the intensity {SPL) of a single-fre

quency tone burst necessary to bring the response of a single 

eighth-nerve fiber to a constant spike rate above spontaneous 

activity. A graphic plot of tone intensity required to pro

duce criterion rate of firing in a specific auditory unit as 

a function of tone frequency yields a characteristic V-shaped 

tuning curve for that unit. The lowest point of the curve in

dicates the frequency at which the single unit is most 
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sensitive. It has been further demonstrated that a tonotopic 

organization of frequency-tuned units exists at several levels 

in the auditory system, indicating frequency selectivity 

throughout the system {Aitkins, Anderson & Brugge, 1970; Be
k~sy, 1960; Rose, Greenwood, Goldberg & Hind, 1963; Tsuchitani 

& Boudreau, 1966). 

Psychophysical equivalents of neural tuning curves have 

been established in humans (Christovich, 1971; Zwicker, 1974) 

and in animals (Fay, Ahroon & Orawski, 1978; McGee, Ryan & 

Dal los, 1976). Zwicker points out that to produce psychoacous

tical analogs of electrophysiological tuning curves, equiva

lents of four parameters must be made. These are: tone fre

quency, tone intensity, response criterion, and single unit 

fiber. Although tone intensity and frequency can be control led 

precisely, and response criterion established as the psycho

physical threshold measurement, there is no direct psychophys

ical equivalent of the single auditory fiber. However, it has 

been speculated that a sinusoidal tone with a frequency corre

sponding to a unit's characteristic frequency, presented at an 

intensity level near threshold, produces a psychoacoustic ap

proximation of that unit's sensitivity. In employing a psy

choacoustical paradigm to measure tuning curves, a probe or 

signal of fixed frequency and intensity replaces the microelec

trode. From the electrophysiological data, it is presumed 

that a single-frequency test stimulus stimulates the one audi

tory channel which is most sensitive to that frequency. A 
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masker stimulus (replacing the tonal signal of the electro

physiological experiment) which is close in frequency to the 

test stimulus wil I, therefore, require less intensity to in

terfere with the detection of the test stimulus than a masker 

of a widely-divergent frequency because a single channel is 

uti I ized in the processing of both stimuli. Although the neu

ral mechanisms involved in masking are not completely under

stood, psychoacoustical analogs of single-unit tuning curves 

can be established and the frequency-selective filter charac

teristics of the system examined by measuring the intensity of 

a masker tone required to just mask a test tone of a given fr~ 

quency and intensity (near threshold) over a wide range of 

masker frequencies. 

Although the duplex model of mechanoreception suggests 

that the cutaneous system is much more I imited in its ability 

to p e r form a spat i a I or 11 I a b e I e d- I i n e s 11 an a I y s i s of f r e q u en c y 

by proposing the existence of only two frequency-selective 

input channels, it is suggested that the response characteris

tics of these channels may be examined psychophysically 

through the implementation of the psychoacoustic tuning curve 

paradigm. It is predicted from Verril to's model that if the 

locus and area of stimulation is chosen to activate Pacinian 

(high-freauency_sensitive) and non-Pacinian {low-frequency

sensitive) channels, and if the test stimulus is near threshold 

intensity, detection of the test stimulus wi I I be mediated by 

one or the other receptor system, depending on test frequency. 
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Similar to frequency processing in the auditory system, it is 

assumed that the test stimulus is detected by a single input 

channel. A single exception is at the transition frequency 

where the threshold of both systems is approximately equal. 

When the test stimulus is detected in a single channel, it is 

assumed that the masking effects wil I be evident only when 

the masker, depending on its frequency and intensity, stimu

lates the same response area as the test stimulus. When the 

test stimulus, because of its frequency, affects both systems, 

a complex function revealing the operation of both channels is 

anticipated. 
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EXPERIMENT 1 

In the first experiment, a simultaneous (signal-on-sig

nal) masking paradigm adopted from the auditory I iterature 

(Christovich, 1957, 1971; Small, 1959; Zwicker, 1974) was em

ployed in determining the intensity level of masker necessary 

to mask a test stimulus as a function of masker frequency. 

Vibrotactile masking functions (tuning curves) were measured 

for five test frequencies, and a rigid surround was used to 

confine the vibratory stimulus to the area of the contactor. 

Two low-frequency test stimuli (15Hz and 25Hz) were selected 

to isolate the tuning characteristics of the non-Pacinian sys

tem. Two high-frequency test stimul f (250Hz and 400 Hz) were 

chosen to isolate the tuning characteristics of the Pacinfan 

system. These psychophysical functions were expected to be 

U-shaped, exhibiting a slope of -12 dB/octave between frequen

cies of 15-250 Hz. An intermediate freauency of 100 Hz was 

also selected for testing. 

15 
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METHOD 

SUBJECTS 

Four male undergraduates (ages: 19-22 years) with no pre

vious experience in psychophysical experiments, and a 41-year

old male with extensive experience as a psychophysical observer 

were employed as Ss. Prior to the experiment, each subject was 

given extensive practice in tracking the threshold of vibrotac

tile stimuli applied to the thenar eminence. 

APPARATUS 

A block diagram of the apparatus is illustrated in Fig. 

5. In both the test-stimulus channel (channel II) and the mas

ker channel (channel I), sinusoidal electrical signals of var

iable frequency were generated by two Krohn-Hite Model 5200 A 

function generators, separately passed through two Grason-Sta~ 

I er Model 1287 8 electric switches, and then amp I ified by two 

Crown D-60 amplifiers. The amplified signals in the masker 
,. / 

channel were passed through a Bekesy recording attenuator and 

a Hewlett-Packard Model 3500-D decade attenuator. The ampl i-

fied signals in the test-stimulus channel were passed through 

an identical decade attenuator. In order that their intensi-

ties could be independently varied, signals from masker and 

test channels were mixed in a mixer network. The signals were 

further amplified by a Crown DC-300 amplifier before being ap-

pi ied simultaneously to a Ling 203 vibrator. 

.• 



OSCIL~ATORt 

OSCILLATOR 

II r-

I 

ELECTRONIC 
sw1rciiE"s 

II 

I 
TIMING 
SIGNALS 

17 

HAMP~FI£R DECADE 
RECORDING 

ATTENUATOR 1-
ATTENUATOR I 

HAMPLIFIERJ 
MIX 

DECADE NETWORK 
AMPLIFIER 

t--1 II 
ATTENUATOR I-

li 

r----- -- --, 
I 

_j 

I 
I I VOLTMETER t I 
I 

~ :~y AMPLIFIER I I 
OSCILLOSCOPE POWERSUPPLYI 

OBSERVATION 
INTERVAL. 

LIGHT ACCEL.ERO 

~ 
!VIBRATOR~ 

TESTING BOOTH 

I 
METER! 

I 
I 
I 
I 

______ J 

Figure 5. Block diagram of the apparatus. 



18 

Electronic switch II was adjusted to provide the test 

stimulus with a 50 msec rise-decay time. Test stimulus dura

tion of 200 msec at half-power points was regulated by a 10-v 

de pulse of 200 msec duration from a Tektronix Type 161 pulse 

generator which was applied to the gating circuit of electron

ic switch II. The 2.75 sec repetition rate of the test stim

ulus was control led by a Tektronix Type 162 waveform generator 

which determined the pulse rate from the pulse generator. The 

continuous maskers were presented by applying 10 volts de to 

electronic switch I for the duration of the trial. In order 

to determine the absolute threshold of the test stimulus, ft 

was necessary to use the masker channel for the purpose of 

threshold tracking by the Bek~sy method. A 10-v de pulse of 

200 msec duration from the Tektronix Type 161 pulse generator 

was applied to the gating circuit of electronic switch I and 

the 2.75 sec repetition rate of the test stimulus was control

led by the Tektronix Type 162 waveform generator. 

Observation intervals were signaled by means of a I ight

emitting diode (I .e.d.). A 200 msec flash was adjusted to be 

temporally contiguous with the test stimulus. A second 200 

msec observation interval containing no stimulus was presented 

500 msec after the presentation of the first. The timing of 

the observation intervals was regulated by Tektronix Type 161 

pulse generators. The timing relationship of the test and 

masker stimuli, and observation I ight employed in the simulta

neous masking paradigm (Experiments 1, 2) is illustrated in 
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Fig. 6. 

The S was located in a sound-attenuated booth that iso

lated him from extraneous sound and vibration. Narrow-band 

noise centered around the freauency of the vibrotactile stim

uli was presented through earphones to mask the sound of the 

vibrator. 

A diagram of the vibratory assembly, previously il lus

trated by Verrillo (1966a), is given in Fig. 7. The vibrator 

was positioned on the platen of a dril I press which could be 

raised and lowered to precisely regulate the depression of the 

contactor into the S's hand. The contactor of the vibrator 

protruded through a hole in the table to make contact with the 

thenar eminence of the S's right hand. The point of initial 

contact with the skin was determined by adjusting the height 

of the vibrator assembly until a non-infinite electrical re

sistance could be read from an ohmmeter that was connected in 

series with the S1 s skin and the metal contactor. The vibra

tor was then raised 1.0 mm to insure the maintenance of con

stant mechanical coupling between the skin and the contactor 

throughout the test session. 

Contactor size was .75 cm2. A 1 .o mm gao between the 

contactor and the rigid surface of the table was maintained 

throughout the first experiment. Eijkman and Vendrick (1960) 

have demonstrated that such a gap effectively I imits vibratory 

stimulation to the locus of the contactor. Vibration ampl i

tude wa~ measured with a calibrated Endevco Model 2221 D 
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Figure 6. Timing relationship of test and masker 
s t i m u I i an d o b s e r v a t i on I i g h t em p I o y e d i n t h e s i m u I t a n eo u s 
masking paradigm (Experiments 1, 2). 
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accelerometer mounted directly on the moving element of the 

vibrator. The accelerometer unit also included an Endevco 

Model 4206 power supply and an Endevco Model 2614 Camp! ifier. 

AI I measurements were made during stimulation of the skin and 

are expressed in decibels re 1 .o mm peak displacement of the 

vibrator. The time relationships and wave forms of the test 

and masker stimuli and the observation interval I ight were mon

itored on a Tektronix 5103 N osci I loscope. When the mechani

cal stimul f were very intense, wave forms occasionally became 

non-sinusoidal due to mechanical distortion of the vibrator r~ 

sponse or to distortion of electrical signals to the vibrator. 

When such distortion was observed, psychophysical measurements 

were not made. 

PROCEDURE 

Vibrotactile thresholds were measured using an SN-N 

tracking procedure. This procedure, a modification of the 

B'k~sy tracking method, was designed by Gescheider, Herman, 

and Phil I ips (1970) to reduce criterion shifting during cuta

neous contralateral masking. In SN-N tracking, a stimulus is 

presented during the first of two successive observation in

tervals (signal-plus-noise) and no stimulus is presented dur

ing the second observation interval (noise). During absolute 

threshold tracking, the Ss were able to directly compare the 

sensation of the pulsed test stimulus with the sensation pro

duced by physiological noise alone. The SN-N tracking 
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procedure was adapted for use in the masking paradigm. In the 

case of the simultaneous masking paradigm, the Ss directly 

compared the sensation of the masker alone with the sensation 

of the masker plus the test stimulus. For the threshold track

ing of the test stimulus, the Ss were instructed to decrease 

stimulus intensity if the observation in the first interval 

was more intense than the one in the second interval, and to 

increase stimulus intensity if the observation in the first in

terval containing the test stimulus was equal to or less in

tense than the observation in the second interval containing 

no test stimulus. In this masking paradigm, Ss were instructed 

to adjust the intensity of the masker so that they could just 

detect a weak test stimulus. For both threshold tracking of 

the test stimulus and masking, Ss tracked for a duration of one 

to two minutes by control I ing a hand switch connected to the 

recording attenuator. When the switch was depressed, stimulus 

intensity decreased continuously at a rate of 1 dB/sec, and 

when it was released stimulus intensity increased at the same 

rate. The S's manipulation of the intensity level was record~ 

graphically by the recording attenuator. Thresholds or masker 

levels were derived by fitting a horizontal I ine through the 

middle of each S's record. The voltage output of the accefero- ~ · 

meter was measured for this value during stimulation of the 

skin and was converted to decibels re 1.0 mm peak displacement 

of the vibrator. Masking functions were determined for five 

test frequencies: 15, 25, 100, 250, and 400 Hz. For each test 
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frequency, ten masker frequencies ranging from 10-505 Hz were 

employed in a simultaneous masking paradigm. To minimize in

teraction between the test and masker stimuli, and to reduce 

potential beating, test intensity was kept low (10 dB SL) and 

masker frequencies were chosen to avoid harmonics (Smal I, 

1959). 

During each trial, the S first tracked the threshold of 

the test stimulus, From this result, the intensity level of 

the test stimulus presented in channel II could be precisely 

adjusted to 10 dB SL. Prior to the simultaneous presentation 

of the pulsed test stimulus and the continuous masker, the S 

confirmed his perception of the test stimulus presented alone. 

This procedure served as a safeguard against commencing a trial 

before the cutaneous receptor recovered from adaptation result

ing from a preceding trial. The time needed between trials 

for complete recovery of sensation ranged from a few seconds 

for weak maskers to approximate! y 1 .o min for the most intense 

maskers. 

Within a session, one masking function was obtained for 

a single frequency of the test stimulus. The order in which 

maskers were administered within a session was random, as was 

the order in which test frequencies were chosen between ses

sions. A total of three masking functions for each test fre

quency was obtained from each s. 



RESULTS AND DISCUSSION 

Absolute thresholds and psychophysical tuning curves 

measured with a simultaneous masking paradigm and a rigid 

surround for test stimulus frequencies of: 15, 25, 250, and 

400 Hz are shown in Fig. 8. The data for individual subjects 

were in close agreement and, therefore, it is appropriate to 

examine the median data for the five subjects (Fig. 9). The 

tuning curve procedure appeared to be highly successful in 

psychophysically isolating the frequency-response character

istics of the Pacinian system. The tuning curves for test 

stimulus frequencies of 250Hz and 400Hz were highly similar, 

both in the individual and in the median data. Both curves 

exhibited the characteristic U-shaped function of the Pacinian 

system and exhibited a slope of approximately -13 dB/octave 

between 15-250 Hz. These data are in agreement with the psy

chophysical functions of the Pacinian system obtained by se

lective adaptation (Verrillo & Gescheider, 1977) and with the 

electrophysiological data recorded from the single-fiber af

ferents connected to the Pacinian receptors (Mountcastle et 

al., 1972; Sato, 1961; Tal bot et al., 1968). In these studies, 

the threshold functions of the Pacinian system were U-shaped, 

exhibiting a slope of -12 dB/octave between 15-250 Hz. In the 

present study, the threshold function of the Pacinian system 

exhibited a slope of approximately -11 dB/octave between 

25 



70 

~ 60 
UJ 

~ 
UJ 
(.) 

<X 

~ 20 
~ 10 
0 
~ 0 
~ -10 

BSN 

~ -20~--~ .. ~~~_.~~~ 
z 10 100 
0 
a:: 
(.) -
~ 

0 

UJ 
a:: 
(/) 

..J 
UJ 
Ill 

26 

GAG 

100 1000 

FREQUENCY IN HERTZ 

• THRESHOLD 
t:. 15HzTESTSTIMULUS 
• 25Hz TEST STIMULUS 
c 250HzTESTSTIMULUS 
• 400Hz TEST STIMULUS 

Figure 8. Cutaneous psychophysical tuning curves mea
sured with a rigid surround for test stimulus frequencies of: 
15, 25, 250, and 400 Hz, using a simultaneous masking paradigm. 
Absolute thresholds are included for comparison. Each point 
is a mean of three thresholds. 
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15-250 Hz. 

The tuning curve procedure employed in this experiment 

achieved only partial success in isolating the frequency-re

sponse characteristics of the non-Pacinian system. The tun

ing curves for the 15Hz and 25Hz test stimuli were similar 

in both the individual and median data. Both functions were 

relatively flat between 10-55Hz, with gradually increasing 

slopes beyond approximately 55 Hz. Intensity limitations of 

the vibrator and distortion of the masking stimulus at approx

imately 60 dB made it impossible to obtain accurate measure

ments of the non-Pacinian system beyond 125 Hz for most sub-

jects~ A measurement of 37.75 dB intensity level of masker 

(200 Hz} required to just mask a 15Hz test stimulus was ob

tained for subject GAG. In addition, with the 25Hz test 

stimulus, a measurement of 45.58 dB intensity level of masker 

(205Hz) was obtained for subject GAG. The Mountcastle group 

(Mountcastle et al ., 1972; Tal bot et al ., 1968) have physio

logically measured the frequency-response characteristics of 

the non-Pacinfan system to a maximum frequency of 200 Hz. 

The physiological function (Fig. 3) and the psychophysical 

functions of the non-Pacinian system obtained in this study 

appear comparable, although it must be noted that in the 

physiological studies, no rigid surround was employed to con

fine the vibratory disturbance to the locus of stimulation. 

Experiment 2 was conducted to observe the effects of surround 

removal on the tuning characteristics of the two major 
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functions obtained in the present study. 

With the implementation of the tuning curve paradigm 

in auditory and, presently, vibrotactile research, compari

sons can be made between the psychophysical characteristics 

of the auditory and cutaneous systems. Physiological and 

psychophysical procedures have indicated that the human audi

tory system is provided with a great number of narrowly-tuned, 

frequency-selective filters, spanning a frequency range of 

approximately 10-10,000 Hz. The tuning curve paradigm em

ployed in this experiment has indicated that the cutaneous 

system is much more I imited in its ability to process fre

quen~y information spatially. Coincident with the duplex 

model of mechanoreception (Verril Jo, 1968), the tuning curve 

paradigm has indicated the existence of two, widely-tuned 

filters in the glabrous skin of the thenar eminence. 

The masking function for the 100 Hz test stimulus for 

each subject is shown in Fig. 10. The data for subjects: 

BSN, JEB, RBK, and GAG were similar, and it is appropriate 

to examine the median function for these four subjects. The 

median function shown in Fig. 11 exhibited two distinct seg

ments. Between 13-40Hz, the function exhibited a slope of 

about -11 dB/octave, suggesting activation of the Pacinian 

system. Beyond 40Hz, the function became relatively flat, 

suggesting activation of the non-Pacinian system. Break

points in the absolute threshold function, from the flat re

sponse of the non-Pacinian system to the U-shaped response of 
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with a rigid surround for test stimulus frequency of 100Hz, 
usinJ a simultaneous masking paradigm (BSN, JEB, RBK, GAG). 
These functions are a composite of Pacinian and non-Pacinian 
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Figure 11. Median cutaneous pseudo-tuning curve mea
sured with a rigid surround for test stimulus frequency of 
100Hz, using a simultaneous masking paradigm for subjects: 
BS~, JEB, RBK, and GAG. 
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the Pacini an system, occurred for alI subjects between 40-60 

Hz. The median absolute threshold at 100Hz was 0.5 dB. 

When the intensity of the test stimulus is raised 10 dB SL 

(median intensity: 10.5 dB), it is reasonable to expect that 

the 100Hz test stimulus could activate both Pacinian and 

non-Pacinian systems. For frequencies below the breakpoint 

on the threshold curve, the masker first masks the non-Pacin

ian system and then the Pacinian system as masker intensity 

is increased. The test stimulus is felt as long as one sys

tem remains unmasked. For frequencies above the breakpoint 

threshold, the masker must first mask the Pacinian system and 

then, with a further increase in masker intensity, the non

Pacinian system. It is suggested that the masking function 

obtained using a test stimulus frequency of 100Hz for these 

four subjects is a pseudo-tuning curve, and does not reflect 

a third psychophysical filter, but rather reflects a compos

ite of the operation of the Pacinian and non-Pacinian sys

tems. Similar behavior and interpretations have been report

ed for psychophysical tuning curves measured in the goldfish 

auditory system (Fay, Ahroon, & Orawski, 1978). 

The masking function produced by the 100Hz test stim

ulus for subject CJD appeared to yield a complete Pacinian 

curve, as opposed to a composite of the operation of both cu

taneous systems. This function could be expected, as this 

subject had a high non-Pacinian threshold and a relatively 

low Pacinian threshold at 100Hz (0.6 dB). In this case, 
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when the intensity of the 100Hz test stimulus is raised 10 

dB SL (approximately 10.6 dB), the threshold of the test 

stimulus is stilI below the threshold of the non-Pacinian, 

and a Pacinian function is therefore measured. 

Further investigation is needed to examine the masking 

effects produced by test stimulus frequencies which are in-

termediary to both receptor systems. One such experiment cur

rently in progress in this lab has shown composite, pseudo

tuning curves, identical to the results obtained in this study, 

for test stimulus frequencies of 65Hz (breakpoint threshold) 

and 100Hz. It appears that such a composite function wil I be 

obtained as long as both receptor systems are stimulated by 

the test stimulus frequency. 

(
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EXPERIMENT 2 

In the second experiment, the simultaneous masking para

digm employed in Experiment 1 was uti I ized to determine mask

ing functions for two test frequencies, 15Hz and 250 Hz, mea

sured without a rigid surround. A rigid surround serves to 

confine the vibratory disturbance to the area of the contac

tor; its removal al tows the vibration to spread across the 

surface of the skin. Gesche i der et a I • (in press) have shown 

that removal of the rigid surround results in a reduction of 

thresholds along the Pacinian branch of the threshold func

tion and an elevation of thresholds along the non-Pacinian 

branch. Furthermore, when the rigid surround was employed, 

the non-Pacinian system had a flat frequency response, but 

when the surround was removed, the threshold function for this 

system was elevated and had a slope of -6 dB/octave measured 

out to 50 Hz. These psychophysical results were directly com

parable to the frequency-response functions recorded without 

surround from the quickly-adapting afferents, believed to 

innervate Meissner corpuscles and Pacinian corpuscles, and 

the psychophysical thresholds, also measured without surround 

in monkeys and in humans (Mountcastle et at., 1972; Talbot et 

a I • , 1968) • 

The use of the tuning curve paradigm in this experiment 

without a rigid surround was an attempt to determine more 

34 
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completely the frequency response of the non-Pacinian system 

by a psychophysical procedure. 



METHOD 

SUBJECTS 

The subjects were five male adults ranging in age from 

19 to 41 years. AI I subjects had served in Experiment 1. 

APPARATUS 

The apparatus was the same as that used in Experiment 1 

except for the removal of the rigid surround. The contactor 

was applied to the skin through a 28.3 cm 2 hole in the table. 

This modification allowed vibration to spread over the thenar 

eminence, while providing sufficient support for the hand and 

insuring stable mechanical coupling between the contactor and 

the skin. 

PROCEDURE 

A simultaneous masking paradigm described in Experiment 

1 was used to measure masking functions for test frequency 

stimuli of 15Hz and 250Hz. For each S, three measurements 

of the intensity the masker needed to mask the 10 dB SL test 

stimuli were obtained for a wide range of masker frequencies. 

AI I measurements were expressed in decibels re 1 .omicron 

peak displacement of the vibrator. 

36 
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RESULTS AND DISCUSSION 

Absolute thresholds and psychophysical tuning curves 

measured with a simultaneous masking paradigm and without a 

rigid surround for test frequencies of 15Hz and 250Hz are 

shown in Fig. 12. The data for individual subjects were in 

close agreement, and therefore it is appropriate to examine 

the median function for the five subjects (Fig. 13). As in 

Experiment 1, the tuning curve paradigm appeared to be high

ly successful in psychophysically isolating the frequency

response characteristics of the Pacinian system. The indi

vidual and median functions for the 250 Hz test stimulus were 

alI U-shaped. The slope of the median curve was approximate

ly -14 dB/octave between 15-250 Hz. The Pacinian branch of 

the median threshold curve exhibited a slope of approximately 

-14 dB/octave between 35-200 Hz. 

The median tuning curves produced by the 250 Hz test 

stimulus in Experiments (Fig. 9) and 2 (Fig. 13) were iden

tical in shape and slope. The sensitivity I evel of these two 

functions was highly similar, differing on the average by ap

proximate! y 2 dB. In accordance with the Gescheider et al. 

study (in press), removal of the rigid surround did not ap

pear to significantly affect the threshold or the tuning char

acteristics of the Pacinian system. Only when a relatively 

smal I contactor (0.2 crn2) was used, were the thresholds of the 

37 
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Figure 12. Cutaneous psychophysical tuning curves 
measured without a rigid surround for test stimulus frequen
cies of 15Hz and 250Hz, using a simultaneous masking para
digm. Absolute threshold functions are included for compar
ison. Each point is a mean of three thresholds. 
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Figure 13. iV,edian cutaneous psychophysical tuning 
curves measured without a rigid surround for test stimulus 
frequencies of 15Hz and 250Hz, using a simultaneous mask
ing paradigm. The median threshold function is included 
for comparison. 
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U-shaped portion of the curve appreciably affected by re

moval of the surround. 

Again, the data produced by the 250Hz test stimulus 

are in agreement with the psychophysical functions of the 

Pacinian system obtained by selective adaptation (Verril lo 

& Gescheider, 1977) and the electrophysiological recordings 

from single-fiber afferents innervating the Facinian recep

tors (Talbot et al., 1968). 

As in Experiment 1, the tuning curve procedure em

ployed in this experiment was only partially successful in 

psychophysically determining the frequency-response charac

teristics of the non-Pacinian system. The median function 

produced by the 15Hz test stimulus was relatively flat be

tween 10-80Hz. Intensity I imitations of the vibrator and 

distortion of the masking stimulus at approximately 60 dB 

m a d e i t i rn p o s s i b I e t o o b t a i n a c c u r a t e m e a s u r em en t s of t h e 

non-Pacinian system beyond 80Hz for subjects JEB and CJD, 

and beyond 125Hz for subjects BSN and GAG. 

A comparison of the tuning curves produced by the 15 

Hz test stimulus in Experiment 1 (Fig. 9) and 2 (Fig. 13) in

aicated that removal of the rigid surround elevates the 

threshold of the non-Pacinian system by about 12.6 dB on the 

average. This agrees with the Gescheider et al. (in press) 

finding that removal of the surround elevates the threshold 

of the non-Pacinian curve, and changes the shape of the 

threshold function from flat to sloping (-6 dB/octave). A 
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comparison of the threshold functions of Experiments 1 and 

2 shows that this finding was replicated in the present 

study. 

For three of the five subjects, the tuning character

istics of the psychophysical masking function measured for 

the 15Hz test stimulus without a rigid surround are compa

rable to the frequency-response characteristics of the non

Pacinian system measured to a maximum frequency of 200 Hz 

electrophysiological ly without a rigid surround by Mount

castle et al. (1972) and Talbot et al. (1968; see Fig. 3). 

The other two subjects have flat curves. The tuning curves 

for these two subjects do not account wei I for their low-fre

quency thresholds (no 6 dB/octave slope). 

Interest concerning the shape and slope of the non-Pa

cinian function beyond 80-125 Hz led to the formulation of 

Experiments 3 and 4 in which a forward masking paradigm was 

employed to measure the tuning characteristics of both the 

Pacinian and non-Pacinian systems. Thus, comparison of the 

simultaneous ~nd forward masking data provides an opportunity 

to evaluate the possible effects of physical interaction of 

the masker and test stimuli on the shape of the tuning curves. 



EXPERIMENT 3 

A forward masking paradigm was employed in determin

ing masking functions for test stimulus frequencies of 15Hz 

and 250 Hz, measured with a rigid surround. In this proce

dure, since the test stimulus and masker were applied to the 

skin at different times, the results could not be explained 

in terms of a complex interaction between the two stimuli, 

as in the first two experiments in which a simultaneous mask

ing paradigm was employed. It was thus anticipated that the 

forward masking procedure might be more effective in isola

ting the frequency-response characteristics of both cutaneous 

systems than the simultaneous masking procedure. Recent evi

dence by Hamer (unpublished dissertation, 1978) has shown 

that the threshold for a 23Hz test stimulus is almost un

changed when a simultaneous 250Hz masker is presented at an 

intensity level of 34 dB SL than when no masker is presented. 

However, current investigations in this lab have shown that 

the threshold of a 15Hz test stimulus is reduced by 10 dB 

when a simultaneous 250Hz masker is presented at 30-40 dB 

SL. In this case, the subject may be detecting the low-fre

quency stimulus by the Pacinian system because the test stim

ulu~ disrupts the entrainment of neural firing in this sys

tem, resulting in detectable cues. Separating the t~st stim

ulus and the masker in time may have the consequence of 

42 
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allowing the measurement of the actual neural tuning curve 

at high frequencies. 



METHOD 

SUBJECTS 

Three male undergraduates (ages: 19-21 years) with no 

previous experience in psychophysical experiments, and the 41-

year-old male who served in the first two experiments were 

employed as Ss. Prior to the experiment, each S was given 

extensive practice in tracking the threshold of vibrotactile 

stimuli applied to the thenar eminence. 

APPARATUS 

The apparatus employed in the first two experiments was 

modified to provide the new timing relationships of the masker 

and observation intervals illustrated in Fig. 14. A 500 msec, 

10-v de pulse from a Tektronix Type 161 pulse generator was 

applied to the gating circuit of electronic switch I. There

sulting masker stimulus was 500 msec in duration at half-power 

points, with a rise-decay time of 50 msec. A second 500 msec ' 

pulse, occurring 650 msec after the first was followed by a 

1,100 msec delay before the pair of 500 msec stimuli was re

peated in a continuous train. The timing of the masker stim

ulus was regulated by a Tektronix Type 162 waveform generator 

which determined the pulse rate from the pulse generator. 

Test stimuli Of 200 msec duration were control led by a 

10-v de, 200 msec pulse from a Tektronix Type 161 pulse 
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MASKER 

TESTSTIMULUS ______ ~n~----------~n~----------~n~-------
LIGHT _______ n ____ n ______ n~--~n ______ n~ __ n__ 

1.0 SEC 

Figure 14. Timing relationship of test and masker 
stimuli and observation I ight employed in the forward mask
ing paradigm (Experiments 3, 4). 
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generator which was applied to tr1e gating circuit of elec

tronic switch II. The 2.75 sec repetition rate of the test 

stimulus was control led by a Tektronix Type 162 waveform 

generator. The onset of the test stimulus occurred 25 msec 

after the offset of the masker to provide a momentary break 

of sensation between test stimulus and masker. 

Observation intervals were signaled by a I ight-emitting 

diode. A 200 msec flash was adjusted to be temporally con

tiguous with the test stimulus. A second 200 msec observa

tion interval containing no stimulus was presented 50 msec 

after the presentation of the second 500 msec masker. The S 

could make a direct comparison of observation intervah con

taining the stimulus with an observation interval not con

taining the stimulus when both observation intervals came im

mediately after the masking stimulus. 

PROCEDURE 

A forward masking paradigm was employed to determine 

masking functions for test frequencies of 15Hz and 250Hz 

measured by the SN-N tracking procedure described in Experi

ment 1. For each test frequency, ten masker frequencies 

ranging from 10-500 Hz were uti I ized. 

During each trial, the S first tracked the threshold 

of the test stimulus. From this result, the intensity level 

of the test stimulus presented in channel II could be pre

cisely adjusted to 10 dB SL. The time between trials was 
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sufficiently long to allow for the recovery from any adapta

tion that may occur during testing. The time required for 

recovery of sensation ranged from a few seconds to approxi

mately 1.0 min, depending upon masker intenEity. 

Witnin a session, one masking function was obtained 

for a single frequency of the test stimulus. A total of 

three masking functions for each test frequency was obtained 

for each s. 



RESULT~ AND DISCUSSION 

Absolute thresholds and psychophysical tuning curves 

measured with a forward masking paradigm and a rigid surround 

for test stimulus frequencies of 15Hz and 250Hz are shown 

in Fig. 15. The data for individual subjects were in close 

agreement and it is therefore appropriate to examine the 

median function of the three subjects (Fig. 16). The forward 

masking procedure was successful in psychophysically isola

ting the frequency-response characteristics of both the Pa

cinian and non-Pacinian systems. 

The median masking function produced by the 250Hz test 

stimulus was U-shaped, with a slope of approximately -11 dB/ 

octave between 15-250 Hz, indicating Pacinian mediation for 

the detection of the test stimulus. The slope of the median 

threshold function between 80-250 Hz was approximately -11 dB/ 

octave. 

A comparison of the tuning curves produced by the 250 

Hz test stimulus in Experiment 1 (Fig. 9), in which a simul

taneous masking paradigm was employed and in the present ex

periment (Fig. 16) revealed a noteworthy difference in sensi

tivity. The simultaneous masking paradigm appeared to be a 

mor~ effective procedure to mask the 250 Hz test stimulus con

sistently across the frequency range of masking stimuli {15-

505 Hz) than the forward masking paradigm. In the present 
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• THRESHOLD 
t:. 15Hz TEST STIMULUS 
• 250Hz TEST STIMULUS 
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FREQUENCY IN HERTZ 
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Figure 15. Cutaneous psychophysical tuning curve~ 
measured with a rigfd surround for test stimulus frequencies 
of 15Hz and 250Hz, using a forward masking paradigm. Ab
solute threshold functions are included for comparison. Each 
point is a mean. of three thresholds. 
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Figure 16. Median cutaneous psychophysical tuning 
curves measured with a rigid surround for test stimulus fre
quencies of 15 Hz and 250 Hz, using a forward masking para
digm. The median threshold curve is included for comparison. 
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experiment, masker intensity was required to be, on the aver

age, 12 dB higher to mask detection of the 250 test stimulus 

than the masker intensity in the simultaneous masking pro

cedure (Experiment 1). The finding that simultaneous masking 

is more effective than forward masking has also been demon

strated by Sherrick (1964) who found that thresholds are pro

gressively elevated as the time interval between the test 

stimulus and the masking stimulus is decreased. 

The median tuning curve produced by the 15Hz test stim

ulus was relatively flat between 20-500 Hz. There was a grad

ual slope in the function between 10-20Hz. The electrophys

iological function of the non-Pacinian, quickly-adapting fi

bers system, measured without surround (Talbot et al ., 1968) 

was relatively flat between 10-40Hz, with a gradual slope of 

approximately -4 dB/octave between 10-20Hz, and a slope of 

approximately +6 dB/octave between 40-200 Hz (Fig. 3, open 

circles). This is not seen in the tuning curve and, in fact, 

the nearly flat tuning curve looks more I ike the flat psycho

physical threshold curves obtained with surround at low fre

quencies for large contactors and at alI frequencies for the 

smallest contactors. Further physiological investigations 

in which recordings are made both with and without rigid sur

round are needed to determine whether the tuning character

istics of cutaneous receptors are altered under these two 

conditions. From the tuning curve data, we would predict 

that the frequency response of the receptors would be flatter 
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with than without surround. 

The tuning curves produced by the 15Hz test stimulus 

in the simultaneous masking study (Experiment 1, Fig. 9) and 

in the forward masking study (Experiment 2, Fig. 13), both 

measured with surrounds, differed in sensitivity level. The 

non-Pacinian masking function in which forward masking was 

employed was, on the average, 16 dB lower than the non-Pacin

ian masking function measured by the simultaneous masking 

procedure. The fact that the threshold of the non-Pacinian 

system could be measured out to 500Hz in the present inves

tigation suggests that a forward masking procedure appeared 

to be a more effective means to determine the psychophysical 

tuning characteristics of the non-Pacinian system than the 

simultaneous masking procedure. 

It is interesting to note that in the present experi

ment, the median masking function of the Pacinian system is 

higher at alI frequencies than the function of the non-Pacin

ian system, with the exception of a single point at 255Hz. 

The data from subject GAG showed this general pattern, with 

alI points comprising the Pacinian function above those of 

the non-Pacinian system. The data from the other two sub

jects, HBN and DAP, indicated that a portion of the Pacinian 

function above 200Hz and 175Hz, respectively, was below 

the non-Pacinian function. 

A comparison of the results of Experiments 1 (Fig. 9) 

and 3 (Fig. 16) appeared to indicate that a forward masking 
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procedure is more effective in masking a 15Hz test stimulus, 

across masker frequencies, than a simultaneous masking pro

cedure. However, it also appeared that a simultaneous mask

ing procedure is, in general, more effective in masking a 

250 Hz test stimulus across masker frequencies than a forward 

masking procedure. Further investigations are indicated to 

account for these findings. 

Experiment 4 was conducted to investigate the effects 

of surround removal on the tuning ch~racteristics of the Pa

cinian and non-Pacinian systems, as measured by a forward 

masking paradigm. 



EXPERIMENT 4 

In the fourth experiment, the forward masking procedure 

out I ined in Experiment 3 was employed to determine masking 

functions for test stimuli of 15 Hz and 250 Hz, measured with

out a rigid surround. It was previously explained in Experi

ment 2 that removal of the rigid surround allows vibration to 

spread over the surface of the skin. This procedure has been 

shown to elevate the threshold of the non-Pacinian system to 

a slope of approximately -6 dB/octave measured to 50 Hz, and 

to lower the U-shaped threshold of the Pacinian system (Gesch

eider et al ., in press). 

The forward masking paradigm was employed to determine 

the fonn of Pacinian and non-Pacinian tuning curves obtained 

in the absence of a rigid surround under conditions in which 

the results could not be contaminated by the effects of physi

cal interaction between masker and test stimulus. 
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METHOD 

SUBJECTS 

The subjects were three male adults ranging in age from 

19 to 41 years. AI I subjects had served in Experiment 3. 

APPARATUS 

The apparatus was the same as that used in Experiment 3, 

except for the removal of the rigid surround. The .75 cm2 

contactor was applied to the skin of the thenar eminence 

through a 28.3 cm2 hole in the table. This arrangement al

lowed the vibration to spread over a wide range or skin while 

providing sufficient support for the hand and constant me

chanical coupling between the contactor and the skin. 

PROCEDURE 

The forward masking procedure described in Experiment 

3 was used to measure masking functions for test frequency 

stimuli: 15 Hz and 250 Hz. For each s, three measurements 

of masker threshold were obtained at each test frequency. 

AI I measurements were expressed in decibels re 1 .omicron 

peak displacement of the vibrator. 

55 



RESULTS AND DISCUSSION 

Absolute thresholds and masking functions measured with 

a forward masking paradigm and a rigid surround for test stim

ulus frequencies of 15Hz and 250Hz are shown in Fig. 17. A 

median function was deter1nined for the three subjects and ap

pears in Fig. 18. 

As in Experiment 3, the forward masking procedure pro

vided an effective means to psychophysically isolate the fre

quency-response characteristics of the Pacinian and non-Pacin

ian systems. The median masking function produced by the 250 

Hz test stimulus exhibited a U shape, characteristic of the 

Pacinian function, and had a slope of approximately -14 dB/ 

octave between 15-250 Hz. The slope of the median absolute 

threshold function was -13 dB/octave between 40-255 Hz. Al

though there were differences in sensitivity level, the shape 

of the 250Hz masking functions for the three subjects were 

in fairly close agreement. Considerable variability in the 

200Hz and 255Hz data points for subject HBW rendered their 

accuracy somewhat questionable. It is speculated that the 

subject was tracking the ringing produced by the intense 

masking stimulus, rather than tracking the test stimulus. A 

clos~ inspection of the data for subject DAP revealed a 10.3 

dB difference between the mean of the absolute threshold for 

250 Hz (-7.92 dB), determined prior to Experiment 3, and the 
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• THRESHOLD 
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a 250Hz TEST STIMULUS 
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Figure 17. Cutaneous psychophysical tuning curves 
measured without a rigid surround for test stimulus frequen
cies of 15Hz and 250Hz, using a forward masking paradigm. 
Absolute threshold functions are included for comparison. 
Each point is a ~edian of three thresholds. 
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Figure 18. ~edian cutaneous psychophysical tuning 
curves measured without a rigid surround for test stimulus 
frequencies of 15Hz and 250Hz, using a forward masking 
paradigm. The median threshold curve is included for com
parison. 
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threshold of the 250Hz test stimulus (-18.25 dB), from which 

the intensity level was set at 10 dB SL for the masking pro

cedure. Because of this unexpected shift in sensitivity, the 

amount of masking produced in this experiment can not be ac

curately determined by comparing the absolute threshold func

tion with the masking function for 250 Hz for subject DAP. 

Removal of the rigid surround in the present experiment 

lowered the Pacinian portion of the absolute threshold func

tion between 80-505 Hz by an average of 7.5 dB. Under these 

conditions, removal of the rigid surround appeared to produce 

results equivalent to those obtained with a large contactor. 

Gescheider et al. (in press) have shDwn that the Pacini an 

system is capable of summating stimulus energy across space; 

however, the non-Pacinian system is incapable of spatial sum

mation, and instead, responds to gradients. With the rigid 

surround removed, there is no sharply defined gradient and, 

therefore, more stimulus intensity is required to attain 

threshold level. The 250Hz masking function was also lower

ed by an average of 9.8 dB from Experiment 3 (Fig. 16), as a 

result of surround removal. The net result appeared to indi

cate an approximately equivalent amount of masking produced 

under conditions of surround and no surround, using a forward 

masking paradigm, as was found in Experiments 1 and 2, in 

which a simultaneous masking paradigm was ~ployed. 

The masking function produced by the 250Hz test stim

ulus and measured with the simultaneous masking paradigm 
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(Experiment 1, Fig. 9) and the forward masking paradigm (Ex

periment 3, Fig. 16), both with surrounds, are identical in 

shape, slope, and sensitivity level. Both procedures ap

peared equally effective in measuring the tuning character

istics of the Pacinian system. 

The median masking function produced by the 15Hz test 

stimulus in the present experiment was relatively flat be

tween 20-55Hz, with a slope of about 7 dB/octave between 10-

20Hz, and a gradually increasing slope beyond 55 Hz. Inten

sity I imitations of the vibrator and distortion problems be

yond masker intensities of 60 dB rendered measurements beyond 

about 200Hz impossible. 

Using the forward masking procedure, removal of the 

rigid surround appeared to elevate the threshold of the non

Pacinian function by an average of 13 dB. This finding is in 

accordance with the Gescheider et al. finding (in press) that 

surround removal elevated the threshold function of the non

Pacinian system. 

A comparison of the psychophysical functions of the 

non-Pacinian system measured without a surround, employing a 

simultaneous procedure (Experiment 2, Fig. 13) and employing 

a forward masking procedure {Experiment 4, Fig. 18) indicated 

that a forward masking stimulus, across the frequency range 

of 15-200 Hz, is generally more effective at masking a 15Hz 

test stimulus than a simultaneous masking stimulus. Further 

investigations must address the problem of explaining this 
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phenomenon. 



GENERAL DISCUSSION 

The previous four experiments have attempted to: 1) 

isolate and psychophysically measure the frequency-response 

(tuning) characteristics of the Pacinian and non-Pacinian sys

tems in the glabrous skin of the thenar eminence, 2) compare 

the efficacy of a simultaneous masking paradigm and a for

ward masking paradigm in achieving these measurements, 3) com

pare the tuning characteristics of the cutaneous systems mea

sured under conditions with and without rigid surround with 

established psychophysical and electrophysiological data, and 

4) compar~ and contrast the processing of frequency stimuli 

in the cutaneous and auditory systems. 

Both simultaneous and forward masking procedures were 

highly successful in measuring the frequency-response charac

teristics of the Pacinian system. The tuning curves produced 

by a 250Hz test stimulus, measured both with and without 

rigid surrounds, were similar in shape and slope to the el ec

trophysiological functions measured from single-fiber affer

ents innervating the Pacinian receptors (Talbot et al., 1968) 

and the psychophysical functions obtained through selective 

adaptation (Verril lo & Gescheider, 1977). In general, the 

simultaneous and the forward masking procedures were found 

to be equally effective in measuring the tuning characteris

tics of the Pacinian system, measured in conditions where 
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rigid surrounds were and were not employed. A noteworthy ex

ception to this finding was found in comparing the results of 

Experiment 1 (Fig. 9), in which a simultaneous masking para

digm was employed, with the results of Experiment 3 (Fig. 16), 

in which a forward masking paradigm was employed. In both 

experiments, rigid surrounds were employed during measure

ment. A simultaneous masker, across the frequency range of 

masking stimuli (15-505 Hz) was found to be a more effective 

masker than a forward masking stimulus. Further investiga

tions are necessary to evaluate the effects of reducing the 

time interval between the offset of the masker and the onset 

of the test stimulus. Instead of employing an inter-stimulus 

interval of 25 msec between the masker and the test stimulus, 

the interval could be reduced so that no time gap existed be

t we en s t i m u I i • I t wa s r e c en t I y f o u n d i n me a s u r i n g p s y c h o

acoustic tuning curves (Moore, 1978) that this procedure ser

ved to render a more effective forward masking stimulus. 

Removal of the rigid surround did not significantly af

fect the tuning characteristics (shape, slope) of the tuning 

curve of the Pacinian system, measured with both a simulta

neous and a forward masking paradigm. Removing the surround 

did affect the sensitivity level of the Pacinian function 

only under the forward masking paradigm. The sensitivity 

levels of the Pacinian curves, measured with and without sur

rounds, using a simultaneous masking paradigm were virtually 

identical. It was proposed that the decrease in the threshold 
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of the Pacinian branch of the absolute threshold function 

and in the 250 Hz masking function measured in Experiment 4 

(Fig. 18) was due to the capacity of the Pacinian system for 

spatial summation. Removal of the surround appeared to be 

equivalent to employing a large contactor under these condi

tions. 

The simultaneous and forward masking procedures were 

only partially successful in measuring the psychophysical 

tuning characteristics of the non-Pacinian system. A number 

of factors including intensity I imitations of the vibrator 

and distortion of the masking stimulus at approximately 60 

dB made accurate measurements of the non-Pacinian system be

yond 125-200 Hz impossible. One solution to these problems 

might be to lower the intensity of the test stimulus. Pilot 

data prior to this study were obtained using a test stimulus 

of 5 dB SL intensity. As was found in Moore's (1978) psycho

acoustic tuning curve study, this intensity level of the test 

stimulus was difficult for the subjects to perceive, easily 

adapted, and resulted in highly variable data, mainly due to 

the day-to-day fluctuations in absolute sensitivity. The 

intensity level of the test stimulus for this study was set 

at 10 dB SL in order that the stimulus be clearly above thresh

old, and easily detectable to the subject. However, at this 

intensity level, it was necessary to increase the intensity 

of the masking stimulus to levels at which ringing and dis

tortion occurred before masking was observed. If the masker 
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intensity could be reduced, either by reducing the intensity 

of the test stimulus, or employing a more effective masking 

stimulus, it might be possible to psychophysically measure 

the entire non-Pacinian tuning curve. Further investigations 

might consider using a test stimulus of 7 dB SL intensity 

I eve I • 

In the conditions where rigid surrounds were employed 

(Figs. 9 and 16) and surrounds were not employed (Figs. 13 

and 18), the forward masking procedure produced tuning curves 

which were of lower intensity than when measured by the simul

taneous masking procedure. Further investigations are indi

cated to explain why forward masking is more effective than 

simultaneous masking for low frequency stimuli. 

Removal of the rigid surround in Experiment 2 (simulta

neous masking) and Experiment 4 (forward masking) resulted in 

an elevation of the non-Pacinian branch of the absolute thres~ 

old function, as was observed by Gescheider et at. (in press); 

however, a corresponding change in the tuning characteristics 

of the non-Pacinian system was not observed in the resulting 

masking function (see Figs. 13 and 18). The tuning curves 

produced by the 15Hz test stimulus, measured without surround 

were comparable to the frequency response characteristics of 

the non-Pacinian system, measured to a maximum frequency of 

200Hz, electrophysiological ly, without a rigid surround by 

Mountcastle et al. ( 1972) and Tal bot et al. ( 1968). The tun

ing curves produced by the 15Hz test stimulus with a rigid 
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surround are comparable to these el ectrophysiological func-

tions; however, a complete comparison cannot be assessed un-

til electrophysiological data are obtained from the non-Pa-

cinian system, employing a rigid surround to confine the 

stimulus energy to the locus of stimulation. 

With the implementation of the tuning curve paradigm in 

auditory, and presently in vibrotactile research, comparisons 
. 

can be made between the psychophysical and neurophysiological 

characteristics of the auditory and cutaneous systems. Phys

iological and psychophysical procedures have indicated that 

the human auditory system is provided with a great number of 

narrowly-tuned, frequency-sensitive filters, spanning a fre-

quency range of approximately 10-10,000 Hz. The tuning curve 

paradigm employed in this investigation has indicated that 

the cutaneous system is much more I imited in its ability to 

process frequency information via a spatial or "labeled-

1 ines 11 code. In support of the duplex model of mechanorecep

tion (Gescheider, 1976; Verrillo, 1968), the tuning curve 

paradigm (both simultaneous and forward masking) employed in 

this study has indicated the existence of two, widely-tuned 

filters in the glabrous skin of the thenar eminence, each 

with a characteristic shape and range of frequency-sensitiv-

ity. The pseudo-tuning curves obtained for the 100Hz test 

stimulus lent further support for this model, as it was indi

cated that the curve was a composite function of Pacinian 

and non-Pacinian mediation. 
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The psychophysical and physiological tuning character

istics of the receptor systems in the ear and the skin rep

resent major differences in the two sensory systems. Moore 

{1978) recently demonstrated that the tuning characteristics 

of the auditory system change, depending on whether the func

tions are measured with a forward masking or a simultaneous 

masking paradigm. When measured with a forward masking para

digm, the V-shaped psychoacoustic functions are more finely

tuned, show steeper slopes, particularly on the high-frequency 

side, and tip bandwidths which are more narrow than those 

measured with a simultaneous masking paradigm. Moore (1978) 

suggested that in simultaneous masking, the threshold of the 

test stimulus may be influenced by lateral suppression (in

hibition). The masking stimulus may suppress the activity 

evoked by the test without itself producing an excitatory ef

fect in the channels responding to the test stimulus. Thus, 

Moore (1978) suggested that the simultaneous masking function 

wil I not be analogous to the neural tuning curve, wil I be 

more broo.dly-tuned, and wi II represent the boundaries of the 

"suppression areas". 

In the cutaneous system, the tuning characteristics of 

the Pacinian and non-Pacinian systems did not appear to change 

when measured by a simultaneous or by a forward masking pro

cedure. The notion of lateral suppression suggested by Moore 

{1978) does not appear to operate in the cutaneous system as 

it does in the auditory system, because frequency processing 
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in the skin is not analogous to the cochlear model proposed 

by B~kesy (1960). It would be interesting to experimentally 

induce a cochlear model of vibrotaction by placing a masking 

stimulus at varying distances on the skin from a fixed test 

stimulus and observing the effects on the tuning character

istics of the two cutaneous systems. 

In conclusion, the use of the tuning curve paradigm, 

adopted from auditory I iterature and applied to the study of 

mechanoreception, has proven to be a new method by which the 

characteristics of the cutaneous systems may be examined. 

The 11 psychocutaneous" tuning curves measured by the simulta

neous and forward masking procedures lend support to the du

plex model of mechanoreception, and have provided some in

sight into the mechanisms involved in human vibrotaction. 
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