Taction thresholds for short pulses
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Absolute taction thresholds for short pulses are deter-
mined for different pulse-repetition rates and sizes of con-
tactor. It is shown that cutaneous mechanoreceptors summate
energy increments resulting from an increase in repetition
rate and in the size of the contactor. Discrepancies between
measurements obtained using short pulses and sine waves
are discussed. The results are consistent with the hypothe-
sis that a duplex mechanism of mechanoreception exists
ovet most of the body surface.

The absolute thresholds for vibration, measured as
a function of sinusoidal frequencies, have been es-
tablished for human skin (Békésy, 1939; Hugony, 1935;
Knudsen, 1928; Setzepfand, 1935; Sherrick, 1953;
Verrillo, 1963). The general shape of the function is
U-shaped with a minimum in the region of 250 cps.
Variations in threshold as a function of contactor size
(Verrillo, 1963) and for a variety of temporal patterns
of the stimulus have also been determined (Verrillo,
1965). Since the frequency characteristics of the thresh-
old is determined not only by events per unit of time,
but also by the rise time and duration of the individual
event, it becomes important to examine the threshold
function using short pulses of constant rise time and
pulse width in lieu of sinusoidal vibrations. A number
of different contactor sizes were tested to examine the
effects of spatial summation.

Apparatus and Procedure

The apparatus and experimental procedures used in
this experiment are described in an earlier publica~
tion (Verrillo, 1965). Rectangular electrical pulses of
1.0 msec. duration were passed through a manual
attenuator and power amplifier and fed to a vibrator.
The response of the vibrator to this signal was a highly
damped oscillation with a width of 1.0 msec., and 1.0
msec, rise time.

The Ss were tested in a booth that provided isolation
from building vibrations and wore earmuffs to eliminate
sounds from the vibration. The site of testing was on
the fleshy pad over the first metacarpal (palmar) of the
right hand.

Threshold as a Function of Repetition Rate

Absolute taction thresholds were determined as a
function of pulses repeated at the rate of 1, 2, 4, 9, 17,
32, 64, 130, and 200 per sec. Interference between
pulse transients made it impossible to test at higher
rates. In order to assess the effect of contactor area,
four areas were used: 0.005, 0,02, 0.32, and 2.9 cm”.

The experimental results shown in Fig. 1 are plotted
as a function of pulse repetition rate. Each data point
represents the median of three testing sessions using
four Ss. Curves have been drawn through some of the
data to indicate the slope. It is evident that for the two
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Fig. 1. Vibrotactile thresholds as a function of pulse repetition
rate with contactor area as parameter.

large contactors (0.32 and 2.9 cmz) the skinis summat-
ing the energy over pulse rate. The slope is -3 dB per
doubling of the repetition rate. This curve is consistent
with the slope predicted by Zwislocki's theory of tem-~
poral summation accounts for 3 dB of the 12 dB slope
found below 250 cps in the threshold curve for sinusoidal
vibrations (Verrillo, 1963).

It is also evident that for small contactors (.02 and
.005 ¢cm”) there is no summation over pulse repetition
rate. This flat curve was also observed when thresholds
using small contactors were plotted as a function of
sinusoidal frequencies (Verrillo, 1963). The difference
in threshold response between large and small con-
tactors has been explained by a dual-receptor hypothe~
sis of mechanoreception in cutaneous tissue (Verrillo,
1963; Verrillo, 1966). This hypothesis states that one
receptor system summates energy as frequency in-
creases while the other functions independent of fre~
quency. The data in Fig. 1 support this hypothesis.
Threshold as a Function of Contactor Size.

The data are replotted in Fig. 2 as a function of
contactor size with repetition rate as parameter. The
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Fig. 2. Vibrotactile thresholds as a function of contactor area
with repetition rate as parameter.
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Fig. 3. Voltage spectrum of short pulses repeated at the rate of
20 per second and the vibrotactile threshold for a 2.9 cm? con-
tactor.

data show that the skin receptors summate energyover
the area of the stimulus at all pulse repetition rates.
Comparison of these data with results of a similar
experiment in which sinusoidal frequencies were used
(Verrillo, 1963) reveal a very obvious difference. For
sinewaves no spatial summation occurs for the lowest
frequencies (25 and 40 cps) whereas the pulse data in
Fig. 2 show spatial summation even at 1 pps. This at
first appears to be inconsistent with the duplex hypothe-
sis which would require that one population of receptors
be independent of spatial and temporal changes.

In order to examine this result more closely, spectral
analyses of the pulses were made at three repetition
rates. This analysis showed that the envelopes of the

T T T Tt T T T

o
=3

~
S

=
L

o

DISPLACEMENT IN DECIBELS
(.RE 1 MICRON PEAK TO PEAK)
]

S
oe
.

* 200 CYCLES PER SECOND
© 200 PULSES PER SECOND
MR Lo aepann g s el
001 o 10 10 i0
CONTACTOR AREA IN CENTIMETERS SQUARED

Fig. 4. Vibrotactile thresholds for sinusoidal vibrations (200
cps) and for short pulses (200 pps) plotted as a function of con-
tactor area.
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pulse spectra are essentially flat to 250 cps where
there is a slight rise and then a steep cut-off to 1000
cps. A pulse spectrum, produced by a repetition rate
of 20 pps, and the absolute vibrotactile threshold for a
2.9 cm? contactor are shown in Fig. 3. The region
of greatest sensitivity for the skin (250 cps) is co-
incident with those frequency components of the pulse
having the greatest amplitude. This is substantiated
further by comparing the threshold data for 200 cps with
the corresponding results of a repetition rate of 200
pps (Fig. 4). Although the slopes in Fig. 2 for 1 through
32 pps are of low repetition rate, the pulses have strong
components in the region of 250 cps which determine
the threshold and thus the downward deflection of the
curve,

Another discrepancy between sinusoidal and pulsed
data deserves mentioning. The slopes in Fig. 2 vary
about -4 dB per doubling of the area while the cor-
responding sine-wave slopes are about ~3 dB per
doubling (Verrillo, 1963). This difference may be
attributed to the fact that the curves for the sinusoidal
results are based on four data points, while the curves
in Fig. 2 are based on but two points. Referring again
to Fig. 4 it can be seen that when the same number of
points are used for both sinusoidal and pulsed data, the
slopes are identical. It is evident that the threshold for
vibration decreases in direct proportion to the stimulus
area regardless of the shape of the individual stimulus
event,

References

Bekesy, G. von Uber die Vibrationsempfindung, AKUST Z, 1939,
4, 316-334.

Hugony, A. Uber die Empfindung von Schwingungen mettels des
Tastsinnes. Z. Biol., 1935, 96, 548-553.

Knudsen, V. O. ‘“Hearing’’ with the sense of touch. J. gen. Psy-
chol., 1928, 1, 320-352.

Setzepfand, W. Frequenzabhangigkeit der Vibrationsempfindung
des Menschen. Z. Biol., 1935, 96, 236-240.

Sherrick, C. E., Jr. Variables affecting sensitivity of the human
skin to mechanical vibration. J. exp. Psychol., 1953, 45, 273-
282.

Verrillo, R. T. Effect of contactor area on the vibrotactile thresh-
old. J. Acoust. Soc. Amer., 1963, 35, 1962-1966.

Verrillo, R. T. Temporal summation in vibrotactile sensitivity.
J. Acoust. Soc. Amer., 1965, 37, 843-846.

Zwislocki, J. Theory of temporal summation. J. Acoust. Soc.
Amer., 1960, 32, 1046-1060.

Note

1. This work was supported by a contract between the U. S. Office
of Naval Research and Syracuse University.

Psychon. Sci., 1966, Vol. 4 (12)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




