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Two experiments investigated the properties of visual persistence as functions of spatial 
frequency, stimulus duration, and pattern-specific adaptation. Experiment 1 demonstrated 
that the perceived duration of sine-wave gratings presented for 50 msec increased from 250· 
to 500 msec as spatial frequency ranged from A to 604 cycles per degree of visual angle. 
Similarly, visual persistence for single bars increased as their widths decreased. Experiment 2 
found that adaptation to a specific spatial frequency reduced the perceived duration of gratings 
that were close to the adaptation value in spatial frequency. 

The discovery that a briefly presented visual target 
remains perceptually present for some time after the 
offset of the physical stimulus (Sperling, 1960) has 
generated great interest and some controversy. This 
phenomenon is known as iconic memory or visual 
persistence. One problem that recently has drawn 
attention is that of the locus of the icon. While some 
have claimed that the major component of this short
term visual storage (STVS) is situated in the rod 
photoreceptor (Sakitt, 1975), recent studies have 
indicated the importance of both cone and postphoto
receptor processing to the icon (Banks & Barber, 1977; 
Meyer, 1977; Meyer, Lawson, & Cohen, 1975; Meyer & 
Maguire, 1977). 

In our work, we have been interested in the inter
actions of dimensions, thought to be important to 
cortical visual mechanisms, with the functioning of 
visual persistence. If a grating of a particular orientation 
and color is presented as an adaptation stimulus, the 
persistence of a grating of similar orientation and color 
is shortened, while gratings of different orientation and 
color are not affected (Meyer, 1977; Meyer et al., 1975). 

In a previous paper (Meyer & Maguire, 1977), we 
found with gratings above 2 cycles per degree of visual 
angle (c/d) that persistence increased as the spatial 
frequency of the grating increased. This result was 
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consistent with results showing that reaction time 
increases with increasing spatial frequency (Breitmeyer, 
1975; Vassilev & Mitov, 1976), and that critical duration 
(on-time/luminance reciprocity at threshold) likewise 
increases with increasing spatial frequency (Breitmeyer 
& Ganz, 1977). The above results appear to indicate 
that the mechanisms that encode the higher spatial 
frequencies respond more slowly and integrate stimulus 
energy over a longer time period. 

In the present paper, we report two experiments. 
The first was a replication of our original study (Meyer 
& Maguire, 1977) using sine·wave rather than square· 
wave gratings. The second tested the possibility 
of spatial frequency·specific adaptation on visual 
persistence. 

EXPERIMENT 1: VISUAL PERSISTENCE OF 
SINE-WAVE GRATINGS AND SINGLE BARS 

This experiment was performed to check on the 
original results of Meyer and Maguire (1977), where the 
visual persistence of square·wave gratings was found to 
increase with increasing spatial frequency. The present 
use of sine-wave gratings mitigates possible distortions 
of the persistence by spatial frequency function by the 
higher frequency edge components in the stimuli. 
Additionally, we wished to ascertain whether the 
increased persistence observed with increasing grating 
periodicity was not simply due to the increasing number 
of bars present in the field at high spatial frequencies. 
One might conjecture that bars of a grating fade indi
vidually and that the subjects might base their judgments 
of persistence on the last bar to disappear. On a proba-
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bilistic basis, this could lead to longer persistence as 
spatial frequency increases. We therefore measured the 
persistence of single bars differing in width. 

Method 
Subjects. The authors (GM and WM) served as subjects in 

this and later experiments. WM has normal uncorrected acuity; 
GM has corrected acuity. 

Apparatus. The stimuli consisted of five sine-wave gratings 
(.4, .8, 1.6, 3.2, and 6.4 c/d) of .5 contrast, sub tending 5.25 deg 
vertically by 7.5 deg horizontally. Also two bars of rectangular 
profile were used. They measured 5.25 deg vertically and were 
15.8 and 2 min wide. Their widths corresponded, respectively, 
to a half-cycle of a 1.9- or 15-c/d grating. These stimuli were 
dark on the light background and of high contrast (.9). 

The stimuli were presented monocularly in a Scientific 
Prototype six-channel tachistoscope. The space average 
luminance of the field was 5 ftL for both sine-wave stimuli and 
bar stimuli, which were presented in different channels. A blank 
field of the same space average luminance was present in a third 
channel. 

Procedure. A sine wave or bar presented for 50 msec was 
continuously alternated with the variable-duration blank field. 
The order of target testing was random. Under the subject's 
instructions, the experimenter adjusted the blank field duration 
to the point where the stimulus was just continuously present 
or just interrupted by the blank field. Each criterion was used 
on half of the trials. The average of the adjustments was taken 
as a measure of the persistence of the stimulus. This is an 
adaptation of the method used by Haber and Standing (1970) 
and generates reliable estimates of visual persistence (Meyer, 
1977; Meyer et aI., 1975; Meyer & Maguire, 1977). Each subject 
performed six adjustments for each of the seven stimuli. 

Results and Discussion 
The data are shown in Figure 1, where it is clear 

that for sine-wave stimuli, the persistence increases 
with spatial frequency. In addition, the thinner bar 
clearly exhibits a longer persistence than the wide bar. 
Individual subject analyses of variance were performed 
upon the data. Both subjects showed the overall effects 
of spatial frequency to be significant [GM, F( 4,35) = 8.3, 
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Figure 1. Duration of short-term visual storage for sine-wave 
gratings and single bars. Solid squares (.) and empty stars ('Ir) 
represent, respectively, grating and bar data for W.M. Solid 
circles (e) and solid stars (*) similarly mark grating and bar 
data for G.M. 
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p<.Ol; WM, F(4,35) = 15.4, p<.Ol]. The aperiodic 
stimuli also differed significantly from each other 
[WM, t(10) = 19.5, p < .01; GM, t(10) = 23.8, P < .01]. 
Thus the results for sine waves and bars parallel the 
results reported with square waves (Meyer & Maguire, 
1977). The qualitative similarity of aperiodic and 
periodic persistence estimates makes unlikely the 
possibility that high-frequency stimuli have longer 
subjective durations simply because there are more bars 
in the field. The results do conform with the previously 
mentioned results reporting increased reaction time as 
spatial frequency increases. If bars are responded to 
individually and there is some randomness, reaction 
time would decrease with increasing elements in the 
field, as response was keyed to the first available bar. 
Such effects are common in studies of human informa
tion processing (Biederman & Chekosky, 1970). These 
results and reaction time results support rather the 
theoretical viewpoint that size channels within the 
visual system exhibit different temporal characteristics. 

EXPERIMENT 2: SPATIAL FREQUENCY·SPECIFIC 
ADAPTATION OF VISUAL PERSISTENCE 

Previous work has demonstrated that subjects' 
estimates of visual persistence can be shortened by 
orientation, conjoint color and orientation, and retinal 
disparity-specific adaptation (Meyer, 1977; Meyer et aI., 
1975; Van der Meer, 1976). In Experiment 2 we 
attempted to see if changes in visual persistence could be 
tied to spatial frequency-specific adaptation. The psycho
physical literature currently abounds with phenomena 
manifesting frequency specificity (Breitmeyer & Cooper, 
1972; De Valois, 1977; Meyer, 1974), and we expected 
that iconic duration would show similar effects. The 
authors again served as subjects. 

Method 
The test procedure was the same as in Experiment 1. 

However, in this study, square-wave gratings of high contrast 
(.99) and with spatial frequencies of .9,1.9,3.8,7.5, and 15 c/d 
were used as targets. Space average luminance of target grating 
and blank field was again 5 ftL. Each adaptation grating was run 
on a separate day. Both subjects were tested with the 3.8-
and 7.5-c/d adaptation patterns. The procedure was as follows . 
The observer began by running a series of control trials. These 
consisted of adapting to the blank field for 3 min. Immediately 
thereafter, the target gratings were presented randomly and 
sequentially for persistence judgments. The observer repeated 
this procedure five times. After a brief rest period, the procedure 
was repeated with the adapting pattern substituted for the 
blank field during the adapting period. In this manner, a set of 
five observations for each adapting and associated control 
pattern was collected for each test frequency. 

Results and Discussion 
The data are presented in Figure 2. Panel A represents 

the means of the blank adaptation conditions for G.M. 
and W.M. Visual persistence or STVS duration again 
is shown to increase with spatial frequency. Figure 2B 
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Figure 2. (A) Duration of short-term visual storage for square
wave gratings after adaptation to a blank field. (B) Difference 
scores in visual persistence for G.M. and W.M. after grating 
adaptation. 6STVS represents the grating mean after grating 
adaptation minus the grating mean from the previous blank 
adaptation condition for that grating. 

plots the change in persistence due to adaptation 
calculated by taking the mean difference between 
adaptation and associated blank control trials. Note that 
visual persistence is shortened in the region corres
ponding to adaptation spatial frequency. A within
subjects analysis of variance for the means of the 3.8-
and 7.5-c/d adaptation conditions and controls showed a 
significant effect of spatial frequency [F( 4,14) = 11.18, 
p < .01] and Adaptation by Spatial Frequency inter
action [F(8,14) = 2.70, p < .05]. 

The graphs show that visual persistence is indeed 
subject to spatial frequency adaptation. An interesting 
note is that the duration of other gratings may show 
some enhancement. Similar results have been reported 
with orientation (Meyer et aI., 1975) and disparity
specific adaptation (Van der Meer, 1976) of visual 
persistence. Also, DeValois (1977) recently found 
enhancement of contrast sensitivity at target frequencies 
relatively far from the adaptation frequency for adapting 
gratings. 

In conclusion, the increase of visual persistence with 
spatial frequency does not seem to be an artifact of the 
number of bars in the grating. Instead, neural factors 
relating to the sensitivity of sustained channels to high 
spatial frequencies seems the crucial factor (Meyer & 
Maguire, 1977). Also, visual persistence can be shortened 
by spatial frequency-specific adaptation. This was to 

be expected, given previous findings of orientation 
(Meyer et aI., 1975), color (Meyer, 1977), and retinal 
disparity-specific (Van der Meer, 1976) decrements in 
STVS. 

REFERENCES 

BANKS, W. P., & BARBER, G. Color information in iconic mem
ory. Psychological Review, 1977,84,536-546. 

BIEDERMAN, I., & CHECKOSKY. Processing redundant informa
tion. Journal of Experimental Psychology, 1970, 83, 486-490. 

BREITMEYER, B. G. Simple reaction time as a measure of the tem
poral properties of transient and sustained channels. Vision 
Research, 1975,15,1411-1412. 

BREITMEYER, B. G., & COOPER, L. A. Frequency specific color 
adaptation in the human visual system. Perception & Psycho
physics, 1972,11,95-96. 

BREITMEYER, B. G., & GANZ, L. Temporal studies with flashed 
gratings: Inferences about human transient and sustained 
channels. Vision Research, 1977,17,861-866. 

DEV ALDIS, K. K. Spatial frequency adaptation can enhance con
trast sensitivity. Vision Research, 1977,17,1057-1065. 

HABER, R. B., & STANDING, L. G. Direct measures of short
term visual storage. Quarterly Journal of Experimental Psychol
ogy, 1969,21,43-54. 

MEYER, G. E. Pressure blindness and the inter ocular transfer 
of size aftereffects. Perception & Psychophysics, 1974, 16, 
222-224. 

MEYER. G. E. The effects of color-specific adaptation of the 
received duration of gratings. Vision Research. 1977,17,51-56. 

MEYER. G. E.. LAWSON, R.. & COHEN, W. The effects of 
orientation-specific adaptation on the duration of short-term 
visual storage. Vision Research, 1975, 15,569-572. 

MEYER, G. E .• & MAGUIRE, W. M. Spatial frequency and the 
mediation of short-term visual storage. Science, 1977, 190, 
1318-1319. 

SAKITT. B. Locus of short-term visual storage. Science, 1975, 190, 
1318-1319. 

SPERLING. G. The information available in brief visual presenta
tions. Psychological Monographs, 1960, 74(Whole No. 498). 

V AN DER MEER, H. C. The effects of adaptation to stereoscopic 
depth and to uniocular image magnification on the duration 
of short-term visual storage. Acta Psychologica, 1976, 40, 
311-323. 

V ASSILEV, A., & MITOV, D. Perception time and spatial fre
quency. Vision Research, 1976, 16, 89-92. 

(Received for publication April 11, 1979.) 



<<
  /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




