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Temperature-touch interactions: Is there
a reverse Weber phenomenon?

ROLF J. ZIMMERMANN and JOSEPH C. STEVENS
John B. Pierce Foundation Laboratory and Yale University, New Haven, Connecticut 06519

Recent studies have confirmed and extended the 19th-century observations of E. H. Weber
that concomitant cold can intensify the apparent heaviness of tactile pressure stimulation.
These studies have also shown that concomitant wann can also intensify pressure sensation
in some regions of the body. The question arises whether pressure can intensify thermal
sensations under comparable conditions of stimulation. Subjects made magnitude estimations
of the thermal sensations aroused at eight different temperatures and at three different forces.
Estimated thermal sensation turned out to be independent of the force level. Such an outcome
strengthens the argument against the hypothesis that thermal intensification represents Ii
central summation of thermal and tactile sensations.

In 1846, E. H. Weber reported that a cold Thaler (a
19th-century German coin approximately the size of an
American silver dollar) placed on the forehead feels at
least as heavy as two wann ones, one on top of the
other. More than a century later , Jones, Singer, and
Twelker (1962) used the method of magnitude estima
tion to look for possible temperature-touch interactions.
They used a stimulator of A em? in area that was cooled
or warmed to 9°K below or above skin temperature and
pressed on the skin with different forces to cause intru
sions of 1-5 mm. Their only significant fmding was a
slight tendency for intermediate but not extremely cold
stimuli to be judged colder when accompanied by greater
pressure. Neither warmth nor cold influenced perceived
touch, nor did pressure influence warmth or strong
cold.

The apparent discrepancy between 19th- and 20th
century reports led Stevens (1979) and Stevens and
Green (1978) to a set of experiments that reinvestigated
the influence of concomitant warmth or cold on the
sensation of pressure. The stimuli, aluminum blocks of
various weights (10-1,810 g), various sizes (A- to 29-cm2

surface), and various temperatures (0° -45°C), were
applied to seven different body regions. The subjects
were asked to judge the apparent heaviness by magni
tude estimation. The results show a marked intensifi
cation of touch magnitude by concomitant cold in all
body regions (under the best conditions, a cold lO·g
weight matched a 100-g weight at skin temperature).
A smaller increase by warmth occurred in some body
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regions (e.g., forearm), but not in others (e.g., forehead).
For the smallest area (A em"), interactions appeared
almost negligible, indicating that the earlier attempts to
reproduce Weber's fmdings probably failed because
they used too small an area.

Since the recent studies of the Weber phenomenon
were published, the question has frequently arisen
whether, under roughly equivalent conditions of stimu
lation, pressure can enhance thermal sensation. In other
words, are there symmetrical interactions between
touch and temperature? The present note describes an
experiment designed to answer this question.

METHOD

Paid volunteers (11 female, 11 male), mostly collegestudents,
served as subjects in an experiment using magnitude estimation
of temperature sensation. Aluminum blocks (19 x 38 x 31 mm),
cooled or warmed in regulated water baths of eight different
temperatures (4°, 12°, 20°, 24°, 28°, 36°, 40°, 44°C), were
placed at three different forces (.62,2.3,7.7 N) for 3 sec on the
volar surface of the forearm . The force was varied by means
of a calibrated spring tension gauge attached to the top of the
aluminum block. Each of the 24 stimuli was applied twice to the
same subject (once to the right and once to the left arm), in a
pseudorandom order and at a rate of 1 stimulus/min. The area
of each stimulus was 19 x 38 mm (7.2 em'), which was about
the largest area that would grant complete contact between
stimulator and skin for the smallest applied pressure (the weight
of the block itself). The subjects were instructed to estimate the
apparent strength of the thermal sensation, both warmth and
cold, on a common scale of sensory intensity, by giving numbers
proportional to the apparent strength of the thermal sensation.
The number zero was to be used only if no temperature could
be perceived at all; otherwise , the subjects were free to use
any positive numbers they thought appropriate. Between stim
ulations, the skin temperature was normalized by 30-sec appli
cation of a 3 x 6 em thermode of 33°C.

RESULTS

The geometric means of the estimates are shown in
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25 .-------.--------.---,------r-----, ments, McFarland instru cted his subjects to judge the apparent
thermal intensity of 16 stimuli that were combina tions of four
temperature changes (1.004.0oK below skin temperature) and
four pressures (skin indentations of .5-3.0 mm). The surface
area of the stimulator was .13 ern". McFarland found a tendency
for cold to be judged greater when accompanied by higher
pressure. This effect was limited to the two lowest levels of
pressure, and it was even demonstrable when the thermal and the
tactile stimuli were separated spatially or temporally and,
therefore, must have been caused at a level of the nervous
system higher than that of the peripheral receptors. In all cases,
however, the effect was only slight.

When the area is greater and all stimuli are well above the
central threshold , temperature-touch interaction can be pro
found but is plainly asymmetric : Tactile sensations can be
greatly influenced by temperature; the perception of thermal
stimuli, however, is essentially independent of concomitant
pressure under comparable conditions of stimulation. This is
difficult to reconcile with the hypothesis that the Weber phe
nomenon is due to a central summation of thermal and tactile
sensations, but instead , it adds another line of support to the
theory that the interaction is caused by an imperfect stimulus
selectivity of mechanoreceptors (Stevens & Green, 1978) .
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Figure 1. Geometric means of magnitude estimates of per
ceived thermal intensity as a function of the temperature of the
stimulator. The parameter is the concomitant force.

Figure 1. Although it is obvious to visual inspection that
pressure matters little or not at all, the data were subjec
ted to t tests for paired data and to analyses of variance ,
operating on the logarithms of the estimates. Both types
of test failed to reveal any systematic influence of
pressure on thermoperception.

DISCUSSION

The effect of concomitant pressure on temperature sensation
was investigated earlier by McFarland (1971) . In a set of experi-

JONES, F. N., SINGER, D., & TWELKER, P. A. Interactions among
the somesthetic senses in judgments of subjective magnitude.
Journal ofExperimental Psychology, 1962,64, IOS-109.

McFARLAND, R. A. Enhancement of thermal estimates by con
comitant pressure stimulation. Journal of Experimental
Psychology, 1971,88,~2S .

STEVENS, J . C. Thermal intensification of touch sensation:
Further extensions of the Weber phenomenon. Sensory
Processes, 1979,3,240-248.

STEVENS, J . C., & GREEN, B. G. Temperature-touch inter
action: Weber's phenomenon revisited. Sensory Processes,
1978,1,206-219.

WEBER, E. H. Der Tastsinn und das GemeingefUhl. In R. Wagner
(Ed.), Handworterbuch der Physiologie (Vol. 3). Braunschweig:
Vieweg, 1846.

(Receivedfor publication March 10, 1982.)



<<
  /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




