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Test of the absolute effect of size on heaviness
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The size-weight illusion shows up when the heaviness of objects of different sizes and equal
weights is evaluated either by comparing directly two objects or by rating one object at a time.
The rating method also implies a comparison: The object seen is compared indirectly with other
remembered objects from the size x weight factorial design by subjects who rate the heaviness
of all objects defined by the design. It is possible, therefore, that the illusion depends on the rela
tive size, rather than on the absolute size, of the compared objects. The experiment reported here
tests this possibility by using different groups of subjects for each of the sizes used . The results
show that the size-weight illusion depends on the absolute size of objects.

The size-weight illusion (SWI) occurs when two ob
jects of different sizes and equal weights are compared.
The smaller of two objects compared simultaneously is
usually reported to be heavier than the other (Charpen
tier, 1891). The SWI also occurs when the heaviness of
single objects is rated. Small objects are rated heavier than
large ones of equal weight (Anderson, 1970).

Given three objects of equal weight with sizes S1, S2,
and S3 in the relation S1 > S2 > S3, the object of
size S2 feels heavier when compared with the object of
size S1 and lighter when compared with the object of
size S3. Thus it is possible that the SWI depends on the
size relation between the compared objects, rather than
on the absolute sizes of the objects.

It could be thought that the results of the rating method,
which requires an evaluation of the heaviness of one ob
ject at a time, prove that there is an effect of absolute size
on heaviness . However, in experiments on the S\YI, each
single object whose heaviness is rated is one of a set of
objects of different sizes that are lifted by the subject, so
it is possible that the illusion results from a comparison
of the object with memories of the previously lifted ob
jects. A proper test of the absolute effect of size on heavi
ness can be obtained only by showing subjects objects of
one size and by using a different group of subjects for
each different size . The experiment reported here was
aimed at obtaining a test of the SWI by using this
procedure.

MEmOD

Subjects
The subjects were 96 university students recruited upon entering the

psychology department at the University of Padua.

Mail should be directed to S. C. Masin at the University of Udine ,
Institute of Pbi10s0phy, Pedagogics, and Teaching of Modem Languages ,
Via Antonini 8, 33100 Udine, Italy.

Stimuli
Weights. The stimuli for heaviness were gray cylindrical plastic bot

tles that were 4.5x7, 7.5x 13, or 9x 17 em in width and height, respec
tively . A 3 x 5 (size x weight) factorial design was used. The five levels
of weight were 150,225,340,510, and765 g. The weights were varied
by filling the interiors of the bottles with lead shot and cotton. A string
with a ring was tied to the top of each bottle for lifting . Two standards
were used , one of 100 g and one of 1,150 g.

Rellectauc:es. The stimulifor lightness were five 2.2 x2.2 em squares
stuck in the middle of a 20 x 20 em square with reflectance of .31. The
reflectance ofa stimulus was . 11, .19, .40 , .52, or .67. Two standards
were used , with reflectances of .04 and .87.

Apparatus
The apparatus for weight lifting was the same as that used by Masin

and Crestoni (in press). The subject stood in front of a screen in cor
respondence with a mark. The experimenter, on the other side of the
screen, placed the string of a bottle in two pulleys on each side of the
top of the screen. The subject lifted the bottle by pulling down the ring
hanging on hisfher side of the screen. A sliding panel with an opening
served to show, or to hide , the bottle.

The squares were shown through the opening in the sliding panel,
and were placed on the frontal parallel plane . The subject viewed the
squares from a distance of 2 m while sitting on a chair.

Procedure
Three groups of 32 subjects participated in three sessions (one group

for the small, one for the medium, and one for the large bottles). In
the first session, all groups rated once the lightness of the squares. In
the second session, each group lifted twice consecutively the five bot
tles of one size . In the third session, all groups again rated the lightness
of the squares. Both the bottles and the squares were presented in ran
dom order. The standards for heaviness were presented before every
two bottles. Also, the standards for lightness were presented before ev
ery two squares (to make thispossible, half the subjects rated six squares
in the first session and four squares in the third; the other half rated
four squares in the first session and six in the third). Half the subjects
were first shown the heavy and black standards, and the other half the
light and white standards.

The ratings were made using the integers 1-20. For heaviness, 1 was
defined to correspond to the light standard and 20 to the heavy stan
dard . To secure the same reference points for all three groups, the
standards for weights never were made visible. For reflectance, 1 was
defmed to correspond to the black standard and 20 to the white stan
dard . Reflectance was scaled to check whether or not the three differ
ent groups of subjects used numbers in the same fashion .
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FIgUn! 1. Psychopbysical functions relating (a) mean rated heaviness to weight in grams and (b) mean rated lightness to reDectance.
The empty dots, pluses, and filled dots represent the results for the groups that IiIled only small, medium, or large bottles, respectively.
Also represented is (c) the mean rated heaviness as a function of weight when the relative effect due to the use of numbers is eliminated.

Each bottle was placed behind the sliding panel after the panel was
moved all the way to the subject's right . The sliding panel was then
moved all the way to the left to show the bottle . The subject lifted the
bottle while seeing it, and rated its heaviness in reference to the heavi
ness of the remembered unseen standards. After each rating, the slid
ing panel was moved all the way to the right.

RESULTS AND DISCUSSION

The results are depicted in Figure 1. In Figure la, the
mean rated heaviness is reported on the ordinate and the
weight in grams on the abscissa. The empty dots, the
pluses, and the filled dots represent the mean results for
the small , medium, and large bottles, respectively.

In Figure lb, the mean rated lightness is represented
on the ordinate and the reflectance of squares on the ab
scissa . The empty dots, the pluses, and the filled dots
represent the results from the groups of subjects who rated
the heaviness of small, medium, and large bottles, respec
tively. It may be seen that the three groups differed slightly
in the use of numbers .

The relative effect due to the different use of numbers
can be eliminated in Figure la by subtracting algebraically
the distance between the means represented by pluses and
filled dots and the corresponding means represented by
empty dots in Figure 1b from the respective means
represented by pluses and filled dots in Figure la.

Figure lc represents the results for the SWI when the rela
tive effect of the use of numbers is so eliminated.

Each graph in Figure lc was obtained from a different
group of 32 subjects . Masin and Crestoni (in press , Ex
periment 2) obtained essentially the same graphs from a
single group of 20 subjects who rated the heaviness of
the same bottles in the same stimulus conditions as in this
experiment. Since, in Masin and Crestoni's experiment,
the SWI was shown to occur with high statistical sig
nificance by an analysis of variance, a statistical test is
superfluous for the results of the present experiment. It
may be concluded, therefore, that this experiment shows
that the SWI occurs, and that the SWI does not depend
on the relative size of bottles, but rather on the absolute
size of the lifted objects .

REFERENCES

ANDERSON , N. H. (1970) . Averaging model applied to the size-weight
illusion. Perception & PsycJwphysics, 8, 1-4.

CHARPENTIER, A. (1891) . Analyse experirnentale de quelques elements
de la sensation de poids . Archivesde Physiologie Normalet Patholo
gique, 3, 122-135 .

MASIN, S. C., '" CRESTONI, L. (in press). Experimental demonstration
of the sensory basis of the size-weight illusion. Perception & Psycho
physics.

(Manuscript received for publication January 25 , 1988.)



<<
  /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




