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Abstract

A rotating stimulus of alternating red and white sectors generates a faint pink fill throughout the
image. The trailing cyan after images of the red sectors quickly become the brightest regions in
the image, providing an index of the overall illumination that triggers a shift of the white point.
Actual white areas then shift in the opposite direction and appear pink.
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Anstis (2022) introduced a “pink illusion” in which a rotating red and white sectored disk induced a
faint hue into a central white target. This induced color, instead of being green, was unexpectedly
pink. Movie 1 shows this illusion in four versions with red, green, blue, and black sectored disks.
During fixation of each disk in turn, the central white disk and ring are soon filled with a faint
color that matches that disk’s colored sectors when they are red or green but light gray when the
sectors are blue or black. The faint fill in the center and in the ring may be also seen outside the
rotating disk. Anstis (2022), using just red sectored disks, proposed that the moving sectors
created a desaturated cyan afterimage in the trailing white sectors and this faint cyan afterimage
then induced the opposite color, pink, via color contrast into the central disk and ring. Here, we
offer a new interpretation—the colored fill results not from color induction but from a shift in
the neutral white toward the color of the afterimage. We show that this depends on creating
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Movie |. Fixate each central plus sign of these four movies in turn allowing 10 s or more for the afterimage
to build up before moving on to the next. For the red and green disks (A and B), faint colours may be seen
filling the central white circular area and ring, and the surround as well. The effect of the blue disk (C) is more
variable. For the black disk (D), the central white spot and ring may fill with a light grey.

regions that appear brighter than the rest of the scene that then anchor the white point (Gilchrist et al.,
1999). In our first two demonstrations, it is the afterimages that trail the rotating, colored sectors that
become the brightest areas in the scene. These provide a new anchor for the white point shifting it
toward the chromaticity of the afterimage.

There are two arguments in favor of this white shift hypothesis. First, the afterimages in the white
sectors do appear to be the brightest region of the image. Specifically, the response to steady white
areas (the surround, the ring, and the center) is attenuated, as they are continually adapted to white.
Regions with alternating colored and white sectors are only exposed to white for half the time and
therefore give a stronger response when white is present. In the case of the black sectored disk, these
white sectors eventually appear to be whiter and brighter than the steady white areas. Since areas that
are the brightest in the field can be taken as the anchor for white (Gilchrist et al., 1999), the steady
white regions are then seen as light gray. The afterimages for the other red and green colored disks
are also the brightest regions in their frames and so may also serve as a white anchor, but now shift-
ing the chromaticity of the white point toward that of the afterimage, causing the steady white areas
to shift away from the afterimage, toward the chromaticity of the colored sectors. This may seem
counterintuitive because there is plenty of real white throughout the much larger area of the back-
ground of the figure. Nevertheless, in this case, the brightness of the afterimages wins out in anchor-
ing the white point. Note that we are basing our white shift proposal on the increased brightness of
the afterimages whereas the anchoring principle described by Gilchrist et al. (1999) is based on areas
that have the highest luminance. Brightness and luminance are tightly coupled but can differ for
saturated colors, especially red and blue (Ayama & Ikeda, 1998; Shioiri & Cavanagh, 1992). In
the case of the afterimages, however, we cannot make any appeal to luminance as it does not
vary from the background to the afterimage areas, only brightness does. As a result, we feel that
brightness is a necessary proxy for luminance when dealing with afterimages.
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There is one possible exception to this white shift prediction in the three colored examples pre-
sented in Movie 1. For the disk with the blue sectors, some observers may not see the expected faint
blue fill but rather an achromatic or slate gray fill. This absence of notable color to the shift may be
due to the strong bias to label blue chromaticities as white (Winkler et al., 2015).

The second argument in favor of the white shift hypothesis is the spatial extent of the colored fill
in the background. Note that the illusory fill is not limited to the small central disk and ring but also
spreads outside the disk, suggesting again that the basic neutral white has shifted toward the after-
image color, changing the interpretation of the entire figure. The spread to the surround covers a far
greater spatial extent than has been reported for the lateral inhibition that underlies color induction
and color contrast (McCann & Rizzi, 2003).

Movie 2 presents a simplified version of the rotating sectored disk consisting of a single dashed
ring, here only for a red ring. When fixating the center of the ring, the center area and then the whole
surround may gradually fill with a slightly pink shade. The gaps in the ring may have a slight cyan
tint or appear simply white. The induced pink cannot easily be attributed to color induction from
these afterimages because the gaps where they are present have the same spatial size as the red
ring that they interrupt. It would be highly unlikely that these small areas of desaturated cyan
would have a stronger influence on the central region than the saturated red parts of the ring.
Instead, the afterimages in the gaps again appear brighter than the white background (which has
been adapted continuously to white) and possibly even whiter than the background. This brightest
point may anchor “white” (Gilchrist et al., 1999) or at least shift it towards its chromaticity. Since the
surround has less cyan than the afterimage, it will look pink.

We next explore whether the presence of an afterimage is crucial or is simply a means to creating
regions that are reliably brighter than others in the field. In Figure 1, a desaturated, broken, cyan ring
lies on an achromatic light gray background. The cyan sectors of the ring are slightly brighter than
the surrounding and the brightest areas in the field. The color interpretation can be variable depend-
ing on monitors, individual viewers, and recent viewing history. For some, the cyan sectors may
appear to be white and the light-gray surround may look pinkish. The variability of this percept sug-
gests that some properties of the afterimage may make it more effective at shifting the neutral
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Movie 2. A. rotation. Fixate the central dot and allow 10 s or more for the afterimage to build up. There
may be a faint pink colour filling the center of the ring and the surround outside the ring. B. Counterphase.
This produces a similar afterimage and colour fill showing that the effect is due to the afterimage, not the
motion.
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Figure |. The background is a neutral, light gray while the broken ring is a slightly brighter desaturated cyan.
Depending on the monitor, the gray background may appear pinkish and the cyan may appear white. On some
monitors, the faint cyan regions may not be visible. If this is the case, please adjust the contrast or brightness
controls until they are.

white; for example, the afterimage brightness lies outside the range that can be produced on the
monitor with static presentation. These potential shifts of the white point on static images are
among the many issues faced when calibrating displays to achieve the intended white balance.
We conclude that the pink illusion from Anstis (2022) is not a case of local interactions between
colors but is instead a global recalibration of the achromatic point—a “white shift.” The bright,
slightly cyan patches could arise in two ways. In our case here the adaptation to the red disk or ring
has desensitized red-sensitive cones, shifting the response to the white areas toward cyan at the
adapted locations. Alternatively, in other stimuli, the illuminant may be slightly cyan. In either
case, if the brightest region of the image provides an index of the overall illumination, the visual
system may then discount it, shifting the white point toward the chromaticity of the bright region
(Helmholtz, 2013). This white shift is a form of automatic chromatic gain control where the gain
of the red channel, in this case, could be increased to bring the brightest region back to neutral
white, thus providing for self-calibrating color vision. This would make the white surround look pink.

Acknowledgments

This research was supported in part by a grant from the UCSD Department of Psychology (SA), by JSPS
KAKENHI grants 23H0007824, 23KK004613, and 20H0059713 (SK), and by the Natural Sciences and
Engineering Research Council of Canada grant RGPIN-2019-03938 (PC).

Author Contribution(s)

Stuart Anstis: Conceptualization; Formal analysis; Investigation; Methodology; Visualization; Writing —
original draft; Writing — review & editing.

Sae Kaneko: Conceptualization; Formal analysis; Investigation; Writing — review & editing.

Patrick Cavanagh: Conceptualization; Formal analysis; Investigation; Methodology; Writing — review & editing.



Anstis et al. 5

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect to the research, authorship, and/or publi-
cation of this article.

Funding

The author(s) disclosed receipt of the following financial support for the research, authorship, and/or publica-
tion of this article: This work was supported by the Natural Sciences and Engineering Research Council of
Canada, Japan Society for the Promotion of Science, UCSD Department of Psychology (grant numbers
RGPIN-2019-03938, KAKENHI 23H0007824, 23KK004613, and 20H0059713, 123).

ORCID iDs

Stuart Anstis https:/orcid.org/0000-0001-8347-9130
Patrick Cavanagh https:/orcid.org/0000-0003-3164-2340

References

Anstis, S. (2022). A pink illusion. Journal of Illusion, 3, 8786. https:/doi.org/10.47691/j0i.v3.8786

Ayama, M., & Ikeda, M. (1998). Brightness-to-luminance ratio of colored light in the entire chromaticity diagram.
Color Research & Application, 23(5), 274-287. https:/doi.org/10.1002/(SICI)1520-6378(199810)23:5<274::
AID-COLA4>3.0.CO;2-T

Gilchrist, A., Kossyfidis, C., Bonato, F., Agostini, T., Cataliotti, J., Li, X., & Economou, E. (1999). An anchor-
ing theory of lightness perception. Psychological Review, 106(4), 795-834. https://doi.org/10.1037/0033-
295X.106.4.795

McCann, JJ., & Rizzi, A. (2003, January). The spatial properties of contrast. In Color and Imaging Conference
(Vol. 11, pp. 51-58). Society of Imaging Science and Technology.

Shioiri, S., & Cavanagh, P. (1992). Achromatic form perception is based on luminance, not brightness. Journal
of the Optical Society of America A, 9(10), 1672-1681. https://doi.org/10.1364/JOSAA.9.001672

Von Helmholtz, H. (2013). Treatise on Physiological Optics, Volume III (Vol. 3). Courier Corporation.

Winkler, A. D., Spillmann, L., Werner, J. S., & Webster, M. A. (2015). Asymmetries in blue—yellow color per-
ception and in the color of ‘the dress’. Current Biology, 25(13), R547-R548. https:/doi.org/10.1016/j.cub.
2015.05.004

How to cite this article

Anstis, S., Kaneko, S., & Cavanagh, P. (2024). Pink illusions and white shifts. i-Perception, 15(5), 1-5.
https://doi.org/10.1177/20416695241291303



https://orcid.org/0000-0001-8347-9130
https://orcid.org/0000-0001-8347-9130
https://orcid.org/0000-0003-3164-2340
https://orcid.org/0000-0003-3164-2340
https://doi.org/10.47691/joi.v3.8786
https://doi.org/10.47691/joi.v3.8786
https://doi.org/10.1002/(SICI)1520-6378(199810)23:5%3C274::AID-COL4%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1520-6378(199810)23:5%3C274::AID-COL4%3E3.0.CO;2-T
https://doi.org/10.1002/(SICI)1520-6378(199810)23:5%3C274::AID-COL4%3E3.0.CO;2-T
https://doi.org/10.1037/0033-295X.106.4.795
https://doi.org/10.1037/0033-295X.106.4.795
https://doi.org/10.1037/0033-295X.106.4.795
https://doi.org/10.1364/JOSAA.9.001672
https://doi.org/10.1364/JOSAA.9.001672
https://doi.org/10.1016/j.cub.2015.05.004
https://doi.org/10.1016/j.cub.2015.05.004
https://doi.org/10.1016/j.cub.2015.05.004
https://doi.org/10.1177/20416695241291303

	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




