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Tactile vibration: Dynamics of
psychophysical scaling method, test site,

and contactor surface area
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The purpose of this pilot study was to investigate possible interactive effects of psychophysical
scaling method, body test site, and contactor surface area on vibrotactile sensation magnitude
functions . The scaling methods ofmagnitude estimation and magnitude production were employed
to obtain vibrotactile magnitude functions for the anterior dorsum of the tongue and the thenar
eminence of the hand. Three contactor areas were employed, and 10 young adults (M = 19.8 years
of age) participated as subjects. The results suggested interactive influences between scaling
method, test site vibrotactile threshold, and number of sensory units activated by the stimulus.

In 1961, Stevens reported a series of experiments con
ducted to investigate the relationship between stimulus in
tensity andsubjective magnitude. Controlled vibration was
one of the stimuli studied, with the fingertip and forearm
as the body test sites (Stevens, 1959). Since then , a num
ber of investigators have attempted to determine the ef
fects of various scaling methods, body test sites, and skin
contactor surface areas on vibrotactile magnitude functions.
For example, the psychophysical scaling methods of mag
nitude estimation and magnitude production have been used
to study vibrotactile magnitude functions for the fingertip,
thenar eminence of the hand, volar forearm, and dorsal
surface of the tongue (Fucci, Harris, McMath, &
Petrosino, 1986; Fucci, Harris, & Petrosino, 1983, 1984;
Fucci & Petrosino, 1983; Verrillo & Chamberlain, 1972;
Verrillo, Fraioli, & Smith, 1969). The results of these in
vestigations have indicated that, with other parameters held
constant, the method of magnitude estimation yields shal
lower magnitude functions than does the method of mag
nitude production, cutaneous areas of higher vibrotactile
threshold yield steeper magnitude functions than do areas
of lower threshold, and magnitude function exponent values
are inversely related to contactor surface area.

The fact that psychophysical scaling method, test site
threshold, and contactor area may individually influence
results leads to questions concerning the possible inter
active effects that these parameters may have on vibro
tactile magnitude functions. Verrillo and Chamberlain
(1972) reported that the exponent values of magnitude
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functions depend on the number of sensory units activated
as a function of test site neural density , contactor area,
and contactor surround conditions. Fucci et al . (1986)
suggested that vibrotactile magnitude scaling behavior
may be influenced by the interaction between an internal
"absolute" scaling mechanism (Zwislocki & Goodman,
1980), the scaling method chosen, and the range of stimu
lus intensities. To date, however, no experiment has been
conducted to investigate the possible interactions between
psychophysical scaling method, body test site, and
vibrotactile contactor surface area. This research would
seem particularly warranted in that these three parameters
must be established in any study involving vibrotactile sen
sation magnitudes. The purpose of the present pilot study
was to conduct a preliminary investigation of the possi
ble interaction of these three factors . The methods of mag
nitude estimation and magnitude production were em
ployed for two test sites, the anterior lingual dorsum and
thenar eminence of the hand, using three contactor areas.

MEmOD

Subjects
Tensubjects, 5 menand 5 women,ranging in agefrom 19to 21 years

(M = 19.8), were randomly selectedfrom an introductory course in
hearingand speechsciences.Allof the subjectshadnormalspeechand
hearing and reported no knownsensory or motor impainnents. None
of the subjects were experienced in vibrotactile testing.

Apparatus
The vibrotaetile instrumentation consisted of a stimulus unit and a

measurement unit. 11Ie stimulus unitwascomposed of a sinewavegener
ator, anexperimenter-eontrolled variable attenuator, a subject-eontrolled
variableattenuator, a rise/fallgate, twouniversaltimers, an audioam-
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plifier, a power amplifier. and an electromagnetic minivibrator with a
probe-eontaetorextension. The pulsedvibratorysignal had a frequency
of25O Hzand a 50% duty cycle (on 600 rnsecand off 600 msec), with
a rise and decay time of 50 rnsec. The measurement unit included an
accelerometer. a cathode follower. a microphoneamplifier. and a volt
meter. A noise generator was used to present narrow band noise cen
tered around 250 Hz at a 7Q-dB hearing threshold level to prevent the
subjects from hearing the vibratory stimulus. A detailed description of
the vibrotactile equipmentand procedurescan be found in a review by
Harris. Fucci. Petrosino, and Wallace (1986).

Procedure
The vibrotactile test sitesemployed were the midlinesectionof the dor

sum of the tongueand the thenar eminence of the righthand. Three different
contactorswithareasof .128• .320, and 1.30 cm' were usedat both test
sites for all 10 subjects. For each contactor, there was a corresponding
rigidly mounted plasticdisk. with a hole that allowed a l-mrn gap be
tween the contactorand thedisk. Each subjectwas seated in an adjusta
ble chair and positioned so that thestructurebeingtestedcould be placed
against the bottom of the plasticdisk. The vibratorcontactor extension
was then positioned to make contact with the test structure through the
hole in the disk. For each subject. the ascending method of limits was
used to obtain vibrotaetile thresholds for each contactorsize on the two
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test structures. This procedurewas accomplished so that suprathreshold
stimulus intensities required for magnitude estimation couldbe established
in sensation levels for each subject (Verrillo et al.• 1969).

Subsequent to the threshold testing, the psychophysical scalingmethods
of magnitude estimation and magnitude production were used for all 10
subjects to obtainvibrotactile magnitude functions for both test sites. The
order of presentation for the three contaetor sizes was randomized be
tween subjectsacross all test sessions. Each subject participated in four
sessions. During the first session5 subjects perfonned magnitude esti
mationfor the lingual dorsum and 5 subjectsperfonned magnitude esti
mationfor the thenar eminence. During the secondsession the test sites
were reversedfor the two subjectgroups.and the magnitude estimation
procedurewas repeated. For each session the subject assignednumbers
to a randomlypresentedseries of eight stimulusintensitiesrangingfrom
6 to 40 dB sensation level (6. 10, 16. 20. 26. 30. 36, and 40 dB SL).
The subject wasinstrocted to "think ofa number thatmatched thestrength'
of eachvibrotactile stimulus intensity presented. Whole numbers. decimals.
and fractions wereindicated as permissible selections (Zwislocki & Good
man, 1980). The subjectswere encouraged to be spontaneous in select
ing numbersand to judge each stimuluswithoutreferenceto thoseprevi
ously presented. The geometricmeans of all subject responses for each
of theeight stimulusintensities were taken as the mean magnitude esti
mation responses for each test structure and contactor size.

Magnitude Estimation
TOlVle

11II • .128cm2Contactor
C • .320cm2 Contactor

• • 1.30cm2 Contactor

Magnitude Estimation
Hand

• • .128cm2Contactor
o • .320cm2 Contactor

• • 1.30cm2 Contactor

.1

o 10 20 30 40 50

Sensation Level In Decibels

FJgUre 1. Vibrotactile IDlIgDitude estimation functions for the lingual dorsum and thenar
emioeoce according to the three contactor areas employed.



During thethird test session 5 subjects perfonned magnitudeproduction
for the lingual dorsum and 5 subjects performed magnitude production
for the thenar eminence. During the fourth session the test sites were
reversed between the two subject groups. and the magnitude produc
tion procedure was repeated .

11Iestimulus numbers presented during themagnitude production task
were derived from the geometric means of the numerical responses
provided by the 10 subjects for the corresponding contactor size and
test structure employed during the magnitude estimation task. For each
contactor size and test structure, a single run of stimulus numbers was
presented (Petrosino. Fucci , & Harris, 1985). The subjects were in
structed to adjust the intensity of the vibrotactile stimulus presented to
the tongue or hand to match the magnitude of the number presented by
theexperimenter. Thesubject-eontroUedattenuator consisted of a smooth
unmarked knob (l2Q-dB potentiometer) that provided no visual or
mechanical cues. The experimenter was in control of a master attenua
tor that could be used to vary the amplitude of the stimulus being deliv
ered to the subject-eontroUed attenuator (Zwislocki & Goodman, 1980).
The data from the magnitude production task for all conditions were
recordedin decibels sensation level. Thegeometric means of thevibrotac
tile stimulus intens ity values provided by each of the 10 subjects for
each contactor size on each test structure were taken as the magnitude
production values for the subject group .
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RESULTS AND DISCUSSION

Figure 1 shows the vibrotactile magnitude estimation
functions obtained in the present experiment for the
tongue and hand according to the three contactor sizes
employed. Figure 2 shows the vibrotactile magnitude
production functions for the same structures and contac
tor sizes .

The data in the figures suggest the possibility of inter
active effects of psychophysical method, test site vibrotac
tile threshold, and contactor size on vibrotactile sensa
tion magnitudes. For example, the lower slopes for lingual
vibrotactile magnitude estimation and magnitude produc
tion were shallower for the .128-em2 contactor than for
the .32-em2 and 1.3-em 2 contactors. These data initially
appeared to disagree with the hypothesis of an inverse
relationship between contactor size and slope as proposed
in previous research (Fucci et al., 1983; Verrillo & Cham
berlain, 1972); however, it may be that an interaction be-

Magn~ude Production

Tongue

m • .128cm2 Contactor

[J • .320 cm2 Contactor

• = 1.30 cm2 Contactor

Magnitude Production

Hand

o = .128 cm2 Contactor

o e .320 cm2 Contactor

• • 1.30 cm2 Contactor
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Sensation Level In Decibels

Figure 2. Vlbrotactile magnitude production functions for the lingual dorsum and thenar
eminence according to the three contactor areas employed.
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tween the lingual test site vibrotactile threshold and the
small surface area of the . 128-em1 contactor influenced
this result. Previous investigators have commented that
changes in the slope of vibrotactile magnitude functions
according to threshold conditions may be analogous to
loudness recruitment (Bekesy, 1955, 1958; Stevens, 1959;
Verrillo & Chamberlain, 1972) ; that is, conditions as
sociated with higher thresholds may result in more rapid
growth in sensation magnitude than conditions associated
with lower thresholds. A typical range of thresholds for
the lingual dorsum would be 1.0 to 2.5 dB re 1-,.,. peak,
whereas a typical range of thresholds for the thenar emi
nence would be -14.0 to -10.0 dB re 1-,.,. peak (Fucci
& Crary, 1979; Verrillo & Chamberlain, 1972) . The
present lingual vibrotactile data for the .128-em1 contac
tor may reflect recruitment-like sensation growth in that
the magnitude estimation and magnitude production func
tions for the .128-em1 contactor became steeper than the
functions for the larger two contactors as stimulus inten
sity was increased. This result would be consistent with
rapid sensation growth associated with interaction of a
relatively high lingual threshold and a relatively small
number of sensory units activated by the .128-em1 con 
tactor (Verrillo & Chamberlain, 1972).

In addition, the fact that magnitude functions for the
lingual dorsum showed a notably faster upper slope
growth rate than those for the thenar eminence suggested
that interaction of test site threshold and contactor area
may have influenced the differences in slopes between the
tongue and the hand. When compared with the threshold
for the lingual dorsum, the relatively low threshold for
the thenar eminence may have been associated with a
slower growth in sensation magnitude at higher stimulus
intensities across the three contactor sizes.

The possible interaction between vibrotactile test site
threshold and contactor area in the present study was more
apparent for the method of magnitude production than for
the method of magnitude estimation. Figure 2 shows that
lingual vibrotactile magnitude production functions for all
three contactor sizes began at higher sensation levels and
grew faster in upper slopes than magnitude production
functions for the thenar eminence. This result suggested
that when subjects were in control of the vibrotactile
stimulus, their responses reflected neural conditions
related to test site threshold and the number of sensory
units activated (Bekesy, 1955, 1958; Stevens, 1959; Ver
rillo & Chamberlain, 1972) . Zwislocki and Goodman
(1980) investigated magnitude estimation and magnitude
production scaling behavior for loudness and line length
in several different subject groups. They concluded that
subjects tend to produce magnitude estimation scales ac
cording to an internal "absolute" scaling mechanism
whereby the same numerical units are used regardless of
the location of stimulus range. Figure 1 of the present in-

vestigation shows the relative similarity of vibrotactile
magnitude estimation functions for the lingualdorsum and
the thenar eminence. This data seemed to support the
hypothesis of an absolute numerical scaling mechanism
as proposed by Zwislocki and Goodman (1980) . How
ever, the differences between vibrotactile magnitude
production functions for the lingual dorsum and thenar
eminence, as shown in Figure 2, appeared to suggest that
interaction of scaling method and the number of neural
units activated may be a consideration in vibrotactile
psychophysical experimentation.

Further research employing larger subject groups and
statistical comparisons of the relationships between psycho
physical scaling method, vibrotactile test site threshold, and
contactor surface area appears to be warranted.
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