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Power law exponents for perceived and remembered pyridine smell were obtained. The result 
indicated that the size of the memory exponent obtained was about 37 % larger than that of the 
perceived exponent for a pyridine smell. The data can be explained in terms of overestimation 
and underestimation at the higher and lower ends of the stimulus range employed during memory­
retrieval processes. The stimulus, an unpleasant pyridine odor, has highly emotionally involved 
memory-coding properties and appears to be over- and underestimated at the upper and lower 
extremes of the stimulus range, respectively, during memory processing. 

Several recent investigations have indicated the similar­
ity of perceived and remembered (i.e., memory-retrieved) 
magnitude in visual perception (e.g., Kerst & Howard, 
1978). In several studies using visually coded mental 
representation, subjects were asked to make internal 
psychophysical judgments based on memory representa­
tions when they were asked to remember and compare 
the assumed sizes of two concrete objects from memory 
(Moyer, 1973; Osaka, 1983). It seems that this well­
established method for investigating psychophysical judg­
ment can also be applied to the analysis of memory­
retrieved representation for olfactory stimulus. 

In the present study, the assumptions are that (1) the 
memory code activated by the memory tag-clue has much 
in common with the perceived experience of the pyridine 
and (2) a subject can estimate the retrieved pyridine smell 
by using a ratio scaling. A psychophysical power law 
relating memory processing to perceptual processing was 
tested here using a method of magnitude estimation. 

MEmOD 

Stimulus 
Six white squeeze bottles (each 25 ml) were fitted with flip-top spouts 

and were used for delivery of air-diluted pyridine (CoH.N) (Amoore 
& Oilman, 1983; Jones, 1955, 1958a, 1958b; Olfacto-Labs, 1983). The 
density of the pyridine was well above threshold and was changed from 
1.23 to 3.43 in steps of 0.4 log units. The duration of each stimulus 
presentation was approximately 1 sec, and the order of presentation was 
randomized for each stimulus. One of six different color chips (i.e., 
violet, green, red, black, yellow, and blue) was stuck on each bottle 
as the memory clue. 

Subjects 
Eight college students with normal olfactory sensitivity, as tested by 

Sherman, Amoore, and Weigel's (1979) pyridine sensitivity sca1e, served 
as subjects. 
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Procedure 
The subjects made magnitude estimations of each air-diluted pyridine 

stimulus that was provided by the experimenter (Amoore, 1970; Guadani, 
Buttery, & Okano, 1963). The subjects were asked to rate the perceived 
magnitude of each pyridine stimulus 1.5 sec after the offset of the stimu­
lus presentation by assigning the appropriate number from Sherman 
et al.'s (1979) sca1e and trying to commit the stimulus to memory (Osaka, 
1983). Each stimulus was rated twice by each subject and the perceived 
pyridine exponent was calculated from averaged estimates. The sub­
jects were trained to retrieve each stimulus from memory according to 
the color labels (i.e., a paired-associate training for olfactory stimulus 
with color). Intertrial intervals were 1 min long in order to eliminate 
smell adaptation. The temperature of the experimental booth was kept 
at 23 0 C during the experimental session. Subjects made estimates of 
these perceived stimuli from memory 10 days after the learning ses­
sion. The order of memory retrieval was randomized. As in the proce­
dure employed in the percept condition, each stimulus was rated twice 
by each subject, and the memory exponent was calculated from the aver­
aged estimates. 

RESULTS AND DISCUSSION 

The straight line in a log-log plot fitted to the data using 
the least squares procedure indicates that goodness of fit 
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Figure 1. Log perceived/remembered estimate as a function of log 
pyridine concentration for percept and memory conditiom. Verti­
cal bar indicates 1-8D unit. 



was fine for both percept and memory conditions 
(,-2 = 0.97 and 0.93, respectively). As Figure 1 shows, 
the results suggest that the memory exponent (13m = 0.52) 
was significantly larger (p < .05) than the perceptual ex­
ponent (l3p = 0.38). The magnitude of (3", is approxi­
mately 37% larger than that of (3po This increase of 
memory exponent suggests that retrieved psychological 
sensation magnitude is likely to be over- and underesti­
mated at the upper and lower extremes of the stimulus 
range, respectively (Osaka, 1984a); however, the esti­
mates for the stimuli in the middle range remained almost 
the same for both memory and percept conditions. Since 
an unpleasant smell like pyridine appears to be coded in 
the memory in a highly emotionally driven manner, pyri­
dine smell is likely to be over- and underestimated at either 
end of the stimulus range during memory retrieval. 

REFERENCES 

AMOORE, J. E. (1970). Molecular basis of color. New York: Thomas. 
AMOORE, J. E., '" OLLMAN, B. G. (1983). Practical test kits for quan­

titatively evaluating the sense of smell. Rhinology, 21, 49-54. 

MEMORY PSYCHOPHYSICS 57 

GUADANI, D. G., BUITI!RY, R. G., '" OKANO, S. (1963). Odor 
thresholds of some organic compounds associated with food flavors. 
Journal of Science of Food &: Agriculture, 14, 761-765. 

JONI!S, F. N. (1955). The reliability of olfactory thresholds obtained 
by sniffing. American Journal of Psychology, 68, 289-290. 

JONl!S, F. N. (1958a). Scales of subjective intensity for odors of diverse 
chemical nature. American Journal of Psychology, 71, 305-310. 

JONI!S, F. N. (1958b). Subjective scales of intensity for three odors. 
American Journal of Psychology, 71, 423-425. 

KERST, S. M., '" HOWARD, J. H., JR., (1978). Memory psychophysics 
for visual area and length. Memory &: Cognition, 6, 327-335. 

MOYI!R, R. S. (1973). Comparing objects in memory: Evidence sug­
gesting an internal psychophysics. Perception &: Psychophysics, 13, 
180-184. 

OLFAcro-LABS. (1983). Is the sense of smell affected? User's manual. 
OSAKA, N. (1983a). Memory psychophysics for perceived length and 

area. Bulletin of the Faculty of Letters, Otemon-Ga/adn University, 
17, 15-28. (In Japanese) 

OsAKA, N. (1984a, September). Psychophysical modality moIchingfunc­
tions for perceived and memory processes. Paper presented at the 23rd 
ICP Congress, Acapulco. 

OsAKA, N. (1984b). Psychophysical scaling of mental image for visual, 
olfactory, taste, and tactile processes. Bulletin of the Faculty of let­
ters, Otemon-Gakuin University, 18, 1-15. (In Japanese) 

SHI!RMAN, A. H., AMOORE, J. E., '" WI!IGI!L, V. (1979). The pyridine 
scale for clinical measurement of olfactory threshold: A quantitative 
re-evaluation. Otolaryngologie &: Head Neck Surgery, ff1, 717-733. 

(Manuscript received for publication July 23, 1986.) 



<<
  /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




