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The purpose of the present investigation was to determine whether lingual vibrotactile magni-
tude production results were statistically equivalent between a group of 10 subjects (mean
 age = 21.1 years) who performed magnitude estimation followed by magnitude production and
a group of 10 subjects (mean age = 19.9 years) who performed only magnitude production using
the magnitude estimation numbers provided by the first group of subjects. Results showed statisti-
cal differences for magnitude production responses between the two groups. The data suggest
that exposure to magnitude estimation procedure may have an influence on magnitude produc-

tion results.

In 1983, a series of studies was initiated in which a psy-
chophysical magnitude scaling technique was used in
vibrotactile testing of the dorsal surface of the human ton-
gue (Fucci, Harris, & Petrosino, 1983a, 1983b; Fucci,
Harris, & Petrosino, 1984; Fucci & Petrosino, 1983a,
1983b, 1983c; Fucci, Petrosino, & Harris, 1983; Fucci,
Petrosino, & Harris, 1984; Petrosino, Fucci, & Harris,
1984). The method of magnitude production was chosen
for lingual vibrotactile scaling because it had been shown
to be very stable and subjects tended to master it with ease
(Stevens, 1961; Zwislocki & Goodman, 1980). Pilot work
also showed that magnitude production scaling could be
managed on the tongue without serious restrictions being
placed on stimulus intensity range and without subjects’
becoming fatigued beyond the point of reliable testing.

The magnitude production procedure developed for lin-
gual vibrotactile testing has received appropriate criticism
due to the fact that the numbers used in scaling were der-
ived by the experimenters rather than from the magni-
tude estimation responses of subjects. Fucci, Petrosino,
and Harris, in an unpublished study, found that the nu-
merical responses for lingual vibrotactile magnitude es-
timation for two large groups of subjects (37 subjects per
group) were statistically equivalent. These experimenters
proposed, therefore, that it might be possible to derive
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representative lingual vibrotactile magnitude estimation
numbers from groups of subjects, and these could be used
as the stimuli for lingual vibrotactile magnitude produc-
tion experimentation. The development of a set of stan-
dardized lingual vibrotactile magnitude estimation num-
bers based on large numbers of subject responses would
eliminate the need to perform the magnitude estimation
task on subjects participating in studies in which magni-
tude production was the primary focus. A necessary step
in the development of such a set of standardized magni-
tude estimation numbers would be to determine whether
subject exposure to magnitude estimation has any in-
fluence on magnitude production results.

The purpose of the present study was to determine
whether lingual vibrotactile magnitude production results
were statistically equivalent between a group of subjects
who performed magnitude estimation followed by mag-
nitude production and a group of subjects who performed
only magnitude production using the magnitude estima-
tion numbers provided by the first group of subjects.

METHOD

Subjects

Two groups of 10 subjects each were selected randomly from stu-
dents enrolled in introductory courses in hearing and speech sciences.
Group 1 had an age range of 19 to 28 years (mean age = 21.1 years).
Group 2 had an age range of 18 to 22 years (mean age = 19.9 years).
All subjects had normal speech and hearing, and reported no known
sensory and/or motor impairments. None of the subjects were ex-
perienced in vibrotactile testing or psychophysical scaling technique.

Copyright 1985 Psychonomic Society, Inc.



200

Apparatus

The vibrotactile instrumentation consisted of a stimulus unit and a
measurement unit. The stimulus unit was composed of a sine-wave gener-
ator, an experimenter-controlled variable attenuator, a subject-controlled
variable attenuator, a rise/fall gate, two universal times, an audio am-
plifier, a power amplifier, a preamplifier, and an electromagnetic
minivibrator with a probe-contactor extension. The pulsed vibratory sig-
nal generated had a frequency of 250 Hz with a 50% duty cycle (on
500 msec and off 500 msec.) and a rise-and-decay time of 100 msec.
The measurement unit consisted of an accelerometer, a cathode follower,
a microphone amplifier, and a voltmeter. A narrow-band noise genera-
tor was used to present auditory masking at 70 dB HTL to the subjects
in order to prevent them from hearing the vibratory stimulus. A detailed
description of the vibrotactile equipment and procedures can be found
in a review by Fucci, Petrosino, Wallace, and Small (1982).

Procedure

Each subject was seated in an adjustable chair and was asked to place
his or her tongue against the underside of a rigidly mounted plastic disk.
A hole in the center of the disk allowed the minivibrator probe-contactor
extension to come into contact with the lingual dorsal surface. The con-
tactor on the end of the probe had an area of .128 cm?, and there was
a 1-mm gap between the contactor and the plastic disk. The ascending
method of limits was used to obtain vibrotactile thresholds of sensitiv-
ity for all subjects prior to initiation of the suprathreshold scaling task.

Group 1 participated in two test sessions. During the first session,
the psychophysical method of magnitude estimation was used to obtain
subjective magnitude functions for the lingual dorsal surface of each
subject (Stevens, 1955). To minimize possible biases in the results, no
reference standard was employed (Hellman & Zwislocki, 1963). The
subjects were requested to assign numbers to a randomly presented series
of nine stimulus intensities, ranging from 2 to 40 dB sensation level (2,
6, 10, 14, 20, 24, 30, 34, and 40 dB). Each subject was instructed to
*‘think of a number that matches the strength of the vibration.’” Whole
numbers, decimals, and fractions were indicated as permissible selec-
tions (Zwislocki & Goodman, 1980). The subjects were encouraged to
be spontaneous in selecting numbers and to judge each stimulus without
reference to those previously presented. The means of the subjects’
responses over two runs of the nine stimulus intensities were accepted
as the magnitude estimation numbers.

During the second test session, the psychophysical method of magni-
tude production was used to obtain subjective magnitude functions for
the lingual dorsal surface of each of the Group 1 subjects (Stevens, 1958).
The numbers presented to the subjects were the means of the subjective
numbers provided by the same subjects during the magnitude estima-
tion task (0.4, 0.7, 1.4, 2.0, 4.0, 5.5, 9.6, 11.0, and 12.7). The sub-
jects were instructed to ‘‘adjust the strength of the vibrotactile stimulus
to match the number’’ presented by the experimenter. The subject-
controlled attenuator consisted of a smooth unmarked knob (120-dB vari-
able potentiometer) that provided no visual or mechanical cues. The ex-
perimenter was in control of a master attenuator that could be used to
vary the amplitude of the stimulus delivered to the subject’s attenuator.
The means of two runs of the magnitude production values in millivolts
were accepted as the resultant amplitudes.

Group 2 participated in a single test session. The psychophysical
method of magnitude production was used to obtain subjective magni-
tude functions for the lingual dorsal surface of each subject (Stevens,
1958). The numbers presented to the subjects in Group 2 were the means
of the magnitude estimation responses from Group 1 (the same num-
bers that had been presented to Group 1 for their magnitude production
task). All other conditions were the same for the magnitude production
tasks presented to Groups 1 and 2. The results of the magnitude produc-
tion tasks for both groups of subjects were recorded in millivolts and
converted to displacement in decibels re 1u peak.

RESULTS AND DISCUSSION

The mean magnitude estimation responses for Group 1
and the mean magnitude production values for both groups
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Table 1
Mean Magnitude Estimation Responses, Mean Magnitude
Production Values (in Decibels SL), F Ratios, and
Probability Values (Mean Magnitude Estimation
Responses for Group 1 Were Used to Obtain the
Mean Magnitude Production Values for
Groups 1 and 2)

Group 1 Group 1 Group 2
Mean Mean Mean
Magnitude ~ Magnitude Magnitude
Estimation  Production Production Probability
Responses Values Values F Ratios Values
0.4 7.67 4.64 1.67 0.21
0.7 11.73 7.40 4.19 0.06
14 16.31 10.69 8.27 0.01*
2.0 19.68 13.68 8.48 0.01*
4.0 23.47 17.45 7.51 0.01*
55 25.99 20.91 5.14 0.04*
9.6 28.28 24.69 3.41 0.08
11.0 29.48 26.24 2.44 0.14
12.7 30.99 28.39 1.47 0.24
*» < .05

(in decibels SL) are shown in Table 1. The mean magni-
tude estimation responses from Group 1 were used to ob-
tain the mean magnitude production values for Groups
1 and 2. The magnitude production data were analyzed
using a one-way (two-group) multivariate analysis of var-
iance (Bock, 1975). The F ratios and probability values
for both experimental groups are shown in Table 1. All
statistical tests were conducted with an a priori alpha level
of .05. Significant statistical differences were found for
magnitude production between the two groups at four of
the nine stimulus levels. The mean magnitude estimation
responses that elicited group differences were 1.4, 2.0,
4.0, and 5.5. The resuits of this study suggest that lin-
gual vibrotactile magnitude production values for a group
of subjects who perform magnitude estimation followed
by magnitude production may be different from those for
a group of subjects who perform only magnitude produc-
tion using magnitude estimation numbers derived from
another group of individuals.

It may be possible that the difference between the mag-
nitude production results for the two groups was due to
the exposure of Group 1 to the magnitude estimation task
prior to magnitude production. Teghtsoonian and Teght-
soonian (1971, 1983) reported that a learning effect can
take place in psychophysical scaling experimentation, and
suggested that independent scaling responses require a
minimum of 24 h between testing sessions. Even though
there was at least one 1-week interval between the mag-
nitude estimation and magnitude production performances
of the subjects in Group 1 in the present study, they did
receive the exposure to lingual vibrotactile magnitude es-
timation that was not given to Group 2.

An alternative explanation for the difference in magni-
tude production results between the two groups might also
be considered. Zwislocki and Goodman (1980) found that,
in magnitude estimation and production procedures
without designated moduli, people tend to scale sensation
magnitudes on absolute, rather than ratio scales, and that
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the scales may be private and different for each individual.
The difference between magnitude production results for
Groups 1 and 2 of the present study could be viewed as
supporting the concept that individual internal absolute
scales were somewhat different between subjects in the
two groups.

The statistically significant differences between lingual
vibrotactile magnitude production results for the two
groups of subjects in this study occurred at four of the
nine stimulus levels utilized. Further research employ-
ing larger subject populations is warranted so that a more
detailed analysis of the levels at which magnitude produc-
tion differences occurred can be performed.
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