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Threshold and magnitude exponent function
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This study was designed to investigate possible relationships between threshold and supra-
threshold lingual tactile processes, and to determine how accurately mean suprathreshold scal-
ing values represent the behavior of individual subjects. Lingual vibrotactile threshold and supra-
threshold values were obtained from 26 normal young adults. Results indicated that there was
no statistically significant correlation between the threshold and suprathreshold data. It was
also determined that mean sensation magnitude values may not accurately represent the be-

havior of individual subjects.

Many early investigations using vibrotactile stimulation
to study oral sensory processes focused primarily on mea-
sures of lingual vibrotactile thresholds in normal and
speech-disordered subjects (Arnst & Fucci, 1975; Fucci,
1972; Fucci, Blackmon, McCaffrey, & Lindsey, 1973;
Kelly, 1977; Lonegan, 1974; Telage, Fucci, & Arnst,
1972). The results of these studies suggested that subjects
with defective articulation have poorer oral sensory abil-
ities than normal-speaking subjects, and that oral sensory
function may be a factor in controlling speech production.

More recently, a series of experiments was initiated to
investigate subject behavior in suprathreshold magnitude
scaling of vibrotactile stimuli presented to the lingual dor-
sal surface (Fucci, Harris, & Petrosino, 1983; Fucci &
Petrosino, 1983a, 1983b, 1983c; Fucci, Petrosino, &
Harris, 1983). These experiments were undertaken to
study sensory processes that may operate in the scaling
of tactile stimuli presented at controlled levels above
threshold. The results of the suprathreshold studies indi-
cated that normal-speaking young adult subjects produced
highly stable magnitude scales that appeared to be gener-
ated by an internal, absolute scaling mechanism (Fucci
et al., 1983). It was also observed that men and women
produced similar magnitude scales (Fucci & Petrosino,
1983c¢), that increasing age was associated with shallower
magnitude function slopes (Fucci & Petrosino, 1983b),
and that stutterers produced steeper magnitude function
slopes than did nonstutterers (Fucci, Petrosino, Gorman,
& Harris, 1985).

When viewed collectively, the findings of both the
threshold and suprathreshold studies suggest that vibro-
tactile stimulation is a useful method for investigating the
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processes involved in obtaining oral tactile thresholds and
oral tactile suprathreshold magnitude functions. The pur-
pose of the present study was to investigate possible rela-
tionships between threshold and suprathreshold lingual
vibrotactile responses and to further determine how ac-
curately mean suprathreshold magnitude exponents rep-
resent the behavior of individual subjects.

METHOD

Subjects

Twenty-six subjects, 8 men and 18 women, aged 18-28 years (mean
= 20.4 years), were selected randomly from an introductory course
in speech and hearing sciences at Ohio University. All subjects had nor-
mal speech and hearing and reported no known sensory and/or motor
impairments. None of the subjects were experienced in vibrotactile
testing.

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 2-dB step variable attenuator, a subject-
controlled attenuator, two universal timers, an audio amplifier, a power
amplifier, a preamplifier, and an electromagnetic minivibrator with a
probe-contactor extension. The pulsed vibratory signal generated had
a50% duty cycle (on 500 msec and off 500 msec) with a rise-and-decay
time of 100 msec. The signal frequency was set at 250 Hz. The mea-
surement unit consisted of an accelerometer, a cathode follower, a micro-
phone amplifier, and a voltmeter. A narrow-band noise generator was
used to present auditory masking at 70 dB HTL to the subjects to pre-
vent them from hearing the vibratory stimulus. A detailed description
of the instrumentation can be found in an article by Fucci, Petrosino,
Wallace, and Small (1982).

Procedure

All 26 subjects participated in two test sessions with an interval of
at least | week between sessions. During the first session, each subject
was seated in an adjustable chair and positioned so that the anterior dor-
sum of his or her tongue was in contact with the lower side of a rigidly
mounted plastic disk. A hole in the center of the disk provided access
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to the midline of the anterior lingual dorsum for the contactor exten-
sion of the vibrator. The contactor had a surface area of .128 cm?, and
there was a 1-mm gap between the contactor and the plastic disk. Each
subject’s vibrotactile threshold was determined by the ascending method
of limits. The accepted threshold was the mean of three successive read-
ings within a 5-mV range. The psychophysical method of magnitude
estimation was used to obtain a subjective magnitude function for the
lingual dorsum of each subject (Stevens, 1955). The subjects were re-
quired to assign numbers to a randomly presented series of nine stimu-
lus intensities ranging from 2 to 40 dB SL. To minimize possible biases
in the results, no reference standard was provided during the task
(Hellman & Zwislocki, 1963). Each subject was instructed to assign
a number to each level such that his or her impression of how large
the number was matched his or her impression of how intense the vibra-
tion was. Whole numbers, decimals, and fractions were designated as
permissible selections (Zwislocki & Goodman, 1980). The geometric
means of two runs of the nine stimulus intensities were taken as the mag-
nitude estimation numbers.

During the second experimental session the subjects were positioned
as in the first experimental session, and thresholds of sensitivity were
established in the same manner as in the first session. The psychophysical
method of magnitude production was used to obtain a subjective mag-
nitude function for the lingual dorsum of each subject (Stevens, 1958).
The subjects were instructed to use an attenuator (120-dB variable poten-
tiometer) with a smooth unmarked knob to adjust the amplitude of the
stimulus they were feeling on their tongue to ‘‘match the magnitude of
the number’’ presented by the experimenter. The experimenter was in
control of a master attenuator that could be used to vary the amplitude
of the stimulus being delivered to the subject’s attenuator. The num-
bers randomly presented to the subjects were the magnitude estimation
values derived from the geometric means of the numbers provided by
the subjects during the first experimental session (0.2, 0.5, 1.0, 2.0,
3.0, 7.0, 8.0, 10.0). For each subject, the geometric means of the milli-
volt readings for two runs of the magnitude estimation numbers were
converted to decibels (SL) and accepted as the magnitude production
values.

RESULTS AND DISCUSSION

The mean thresholds obtained in the magnitude estima-
tion and magnitude production procedures were 2.53 and
2.16 dB, respectively. The mean magnitude exponents ob-
tained for the magnitude estimation and magnitude pro-
duction procedures were 0.29 and 0.79, respectively. The
threshold-exponent correlations obtained for the magni-
tude estimation and magnitude production procedures
were —0.29 and 0.19, respectively. The geometric means
of the magnitude estimation and magnitude production
values for each subject were also calculated in order to
counterbalance the data as recommended by Hellman and
Zwislocki (1963) and Stevens and Greenbaum (1966). The
mean threshold obtained through the magnitude balance
procedure was 2.29 dB. The mean magnitude exponent
obtained for the magnitude balance procedure was 0.50.
The threshold-exponent correlation obtained for the mag-
nitude balance procedure was —0.06.

None of the correlations obtained was significant at the
.05 alpha level. This result indicates that there was no
direct relationship between lingual vibrotactile thresholds
and suprathreshold magnitude exponents for the subjects
employed in this study. The interpretation of this result
is problematic in view of the fact that little similar research
is available for comparison. Stevens (1959) and Verrillo
and Chamberlain (1972) investigated the relationship be-

tween vibrotactile thresholds and magnitude scales at test
sites other than the lingual dorsal surface. Stevens (1959)
tested the fingertip and the forearm. Verrillo and Cham-
berlain (1972) tested the fingertip, the thenar eminence
of the hand, and the forearm. The results of these studies
indicated that sensation magnitude scales appeared to be
related to test-site thresholds, with steeper slopes being
associated with higher thresholds. Stevens (1959) sug-
gested that this apparent relationship may result from a
situation analogous to loudness recruitment in hearing.
Vibrotactile test sites with less neural density, just as
ears with less functional neural elements would experience
a “‘faster’’ growth in sensation magnitude once threshold
was reached than would a more densely innervated test
site.

A direct comparison of the results of the current study
with those of Stevens (1959) and Verrillo and Chamber-
lain (1972) is precluded by the fact that experimental vari-
ables such as stimulus frequency, stimulus range, num-
ber of sensation levels, contactor size, subject scaling
experience, and test sites in those studies were different
from those in the present investigation. Also, the present
investigation focused on correlations of individual thresh-
olds and magnitude exponents, whereas the previously
mentioned research commonly used pooled data to inves-
tigate the relationship between mean thresholds and mean
magnitude functions.

Several researchers have noted that, when a group of
subjects provides matches for the same set of stimulus
values, the individual exponents differ significantly from
each other (Mitchell & Gregson, 1971; Teghtsoonian &
Teghtsoonian, 1971, 1983; Wanschura & Dawson, 1974).
Consequently, the assumption that mean magnitude scal-
ing values are representative of the behavior of individual
subjects is open to question (Teghtsoonian & Teghtsoo-
nian, 1983). A distributional analysis was performed on
the data from the current study using the SAS (Statistical
Analysis System) software package (Ray, 1982) loaded
into an IBM 370 Virtual Machine computing system. The
results of the analysis are summarized in Table 1. The
coefficients of skewness and kurtosis in Table 1 show that
the magnitude exponents were not normally distributed
for any of the three experimental methods. The distribu-
tion of exponents for magnitude estimation was much
flatter than a gaussian distribution, and the distributions
for magnitude production and magnitude balance were
positively skewed with a steep peak below the mean.

Table 1
Summary of Coefficients of Skewness and Kurtosis From a
Distributional Analysis of the Three Psychophysical Methods

Cocfficients*
Method Skewness Kurtosis
Magnitude Estimation 0.14 -1.22
Magnitude Production 1.11 1.77
Magnitude Balance 0.91 0.28

*(0 = Coefficient for Gaussian distribution.
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Histograms of the data for each of the experimental
methods provided visual confirmation of the distributions
described by the coefficients of skewness and kurtosis.
The distributional analysis also showed that the exponents
for all three methods were less than 2.6 standard devia-
tions from their respective means, and that none of the
sensation magnitude exponents were acting as statistical
outliers that could facilitate spurious correlations between
exponents and thresholds. The results of the distributional
analysis appear to agree with the data of those previously
mentioned researchers who concluded that mean sensa-
tion magnitude scaling values may not accurately represent
the behavior of individual subjects.
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