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Abstract 
Perceptual multistability is well-known and mostly visually demonstrated: Common examples are 
Necker’s cube or Rubin’s face-vase that produce qualitatively different percepts continuously oscil-
lating between the solutions despite physically stable stimuli. We lack knowledge about similar phe-
nomena in other domains, for instance in linguistics, where we are faced with homonyms that 
create multistability of cognitive semantics, differently assigned meanings of identical words. Our 
participants listened to repeated presentations of homonyms for which two or even three mean-

ings could be assigned, and they reported the dominant meaning perceived at a certain point in 
time. Results showed that most participants experienced multistability of meaning for homonyms, 
with semiperiodic changes in dominant meaning similar to multistabity in perception. These find-
ings suggest that multistability is a general property of the brain’s neural architecture that resolves 
ambiguity irrespective of the level of representation. 
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Our perception of the outside world is constructed from intrinsically ambiguous and noisy sensory 
inputs combined with knowledge about statistical regularities of the world (Metzger, 2009). One 
striking example of this is multistable perception produced by stimuli compatible with several com-
parably probable interpretations. This balanced ambiguity produces alternations in perception 
despite a physically constant stimulus. What is remarkable about multistability is that it can be 
evoked for different modalities and levels of representation. In vision, binocular rivalry displays 
lead to the suppression of monocular inputs at the level of the primary visual cortex (Tong et al., 
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Figure 1. Results. The proportion of time individual meanings were reported for words with (A) one, 
(B) two, and (C) three dominant meanings. Dots depict individual participants. The labels above the plot show 
the median proportion and the interquartile range for the total dominance of primary meaning(s) together. 
(D) The relative dominance of meaning #1 for words with two primary meanings, dots depict individual 
participants. (E) Example time-series of dominance reports for the word Absatz. (F) The average proportion of 
“None” responses over all participants and words (black line) and the 97% bootstrapped confidence interval 
(shade). 
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2006) and even modulates activity in subcortical structures such as lateral geniculate nucleus 
(Wunderlich et al., 2005). Yet, similar switching perception can be induced with respect to visual 
depth (Necker cube, Schroeder stairs), three-dimensional motion (kinetic-depth effect), and figure 
versus ground perception (Rubin’s vase). Beyond the visual empire, we detect this kind of switching 
for auditory (Deutsch, 1974; Noorden, 1975; Warren & Gregory, 1958), olfactory (Zhou & Chen, 
2009), tactile (Holcombe & Seizova-Cajic, 2008), and proprioceptive perception (Seizova-Cajic 
et al., 2007). All of these alternations take place despite stimuli being physically constant. 

Building on the multistability of perception, one can construct ambiguous images that produce 
changes in both perception and meaning, as in classic old-young woman (Donaldson, 2017) or duck-
rabbit (Donaldson, 2016) drawings. But can we take it even further to produce multistability of 
meaning alone, while the physical stimulus and the respective sensory signal remain constant? We 
looked at the ambiguity of homonyms, words with the same spelling and pronunciation, i.e., words 
that are both homographs and homophones. For example, in English, “the bank” could refer to a finan-
cial institution, but also to a riverbank, and “rock” could refer to a stone and a music genre. We used 20 
German homonyms plus five control items with just a single dominant meaning, that is, nonhomo-
nyms (Table 1). The study consisted of 25 trials (one trial for each word) and a test run. In each 
trial, we presented an audio recording of the respective word that was repeated 30 times over a 
period of approximately one minute. Participants had to indicate the perceived meaning and could 
also report “None” if they perceived no meaning, as semantic satiation can occur when hearing a 
word repeatedly (Jakobovits & Lambert, 1962; Wetherill, 2014). Twenty-two participants completed 
the experiment, see https://doi.org/10.17605/OSF.IO/JM8GE for open methods, data, and analysis. 

We found that the repetition of homonyms induced switching between different dominant mean-
ings, similar to alternations in perception during visual multistability, see Figure 1. Words differed 
greatly in the relative dominance of meaning, with words like Absatz or Decken showing balanced 
bi- and tristability, whereas words like Ball or Gut effectively had a single dominant meaning. The 
individual dominance phases were long even for balanced bistable stimuli with a single phase lasting 
for dozens of seconds. 

Our results extend the list of multistable domains by demonstrating that the processing of homo-
nyms shows similar effects to well-documented multistable stimuli. This provides further support 
for the idea that multistability is a general property of the brain’s neural architecture that resolves 
any kind of ambiguity. For visual stimuli, this competition can occur at various levels of visual hier-
archy, in our case of cognitive semantics, competition occurs at the cognitive level of words’ 
meaning. However, conceptually similar mechanisms have been postulated at the level of decision-
making both for perceptual decisions (Gold & Shadlen, 2007) and for delay discounting decisions 
(Scherbaum et al., 2016). 

Taken together, this reinforces the idea that multistability is not a perceptual phenomenon per se 
but reflects computations of local but architecturally similar circuits that resolve ambiguity and 
support decision-making in a volatile world (Cao et al., 2021). Viewed from this angle, perceptual 
multistability induced by visual stimuli is merely a most convenient way to study the underlying 
neural mechanisms, rather than being an end in themselves. And, as the phenomenon of multistabil-
ity is linked to the architecture of underlying circuits, it should manifest itself whenever we are able 
to supply balanced ambiguous inputs for such a circuit. In the present work, we employed words 
with different meanings, but further examples are likely to be discovered. 

We are looking forward to receiving ideas or reports soon! 

Author Contribution(s) 
Malin Styrnal: Conceptualization; Investigation; Methodology; Supervision; Writing – original draft. 
Claus-Christian Carbon: Conceptualization; Formal analysis; Project administration; Resources; 
Supervision; Writing – original draft. 

https://doi.org/10.17605/OSF.IO/JM8GE


5 Styrnal et al. 

Alexander Pastukhov: Conceptualization; Formal analysis; Methodology; Software; Supervision; 
Visualization; Writing – original draft. 

Declaration of Conflicting Interests 
The authors declared no potential conflicts of interest with respect to the research, authorship, and/or publica-
tion of this article. 

Funding 
The authors received no financial support for the research, authorship, and/or publication of this article. 

ORCID iDs 
Malin Styrnal https://orcid.org/0000-0001-5257-3343 
Claus-Christian Carbon https://orcid.org/0000-0002-3446-9347 
Alexander Pastukhov https://orcid.org/0000-0002-8738-8591 

References 
Cao, R., Pastukhov, A., Aleshin, S., Mattia, M., & Braun, J. (2021). Binocular rivalry reveals an 

out-of-equilibrium neural dynamics suited for decision-making. ELife, 10, e61581. https://doi.org/10. 
7554/eLife.61581 

Deutsch, D. (1974). An auditory illusion. Nature, 251(5473), 307–309. https://doi.org/10.1038/251307a0 
Donaldson, J. (2016). The duck-rabbit ambiguous figure. In The Illusions Index. https://www.illusionsindex. 

org/i/duck-rabbit 
Donaldson, J. (2017). The young/old woman ambiguous figure. In The Illusions Index. https://www. 

illusionsindex.org/i/young-woman-or-old-woman 
DWDS – Digitales Wörterbuch der deutschen Sprache. Das Wortauskunftssystem zur deutschen Sprache in 

Geschichte und Gegenwart (2023). Berlin-Brandenburgischen Akademie der Wissenschaften. 
Gold, J. I., & Shadlen, M. N. (2007). The neural basis of decision making. Annual Review of Neuroscience, 

30(1), 535–574. https://doi.org/10.1146/annurev.neuro.29.051605.113038 
Holcombe, A. O., & Seizova-Cajic, T. (2008). Illusory motion reversals from unambiguous motion with visual, 

proprioceptive, and tactile stimuli. Vision Research, 48(17), 1743–1757. https://doi.org/10.1016/j.visres. 
2008.05.019 

Jakobovits, L. A., & Lambert, W. E. (1962). Semantic satiation in an addition task. Canadian Journal of 
Psychology, 16(2), 112–119. https://doi.org/10.1037/h0083238 

Metzger, W. (2009). Laws of seeing. The MIT Press. 
Noorden, v. L. P. A. S. (1975). Temporal coherence in the perception of tone sequences. Technische 

Hogeschool Eindhoven. 
Scherbaum, S., Frisch, S., Leiberg, S., Lade, S. J., Goschke, T., & Dshemuchadse, M. (2016). Process dynamics 

in delay discounting decisions: An attractor dynamics approach. Judgment and Decision Making, 11(5), 
472–495. https://doi.org/10.1017/S1930297500004575 

Seizova-Cajic, T., Smith, J. L., Taylor, J. L., & Gandevia, S. C. (2007). Proprioceptive movement illusions due 
to prolonged stimulation: Reversals and aftereffects. PLoS One, 2(10), e1037. https://doi.org/10.1371/ 
journal.pone.0001037 

Tong, F., Meng, M., & Blake, R. (2006). Neural bases of binocular rivalry. Trends in Cognitive Sciences, 
10(11), 502–511. https://doi.org/10.1016/j.tics.2006.09.003 

Warren, R. M., & Gregory, R. L. (1958). An auditory analogue of the visual reversible figure. The American 
Journal of Psychology, 71(3), 612. https://doi.org/10.2307/1420267 

Wetherill, C. (2014). Semantic satiation among lexically ambiguous words. Senior Honors Projects. 
Wunderlich, K., Schneider, K. A., & Kastner, S. (2005). Neural correlates of binocular rivalry in the human 

lateral geniculate nucleus. Nature Neuroscience, 8(11), 1595–1602. https://doi.org/10.1038/nn1554 
Zhou, W., & Chen, D. (2009). Binaral rivalry between the nostrils and in the cortex. Current Biology, 19(18), 

1561–1565. https://doi.org/10.1016/j.cub.2009.07.052 

https://orcid.org/0000-0001-5257-3343
https://orcid.org/0000-0001-5257-3343
https://orcid.org/0000-0002-3446-9347
https://orcid.org/0000-0002-3446-9347
https://orcid.org/0000-0002-8738-8591
https://orcid.org/0000-0002-8738-8591
https://doi.org/10.7554/eLife.61581
https://doi.org/10.7554/eLife.61581
https://doi.org/10.7554/eLife.61581
https://doi.org/10.1038/251307a0
https://doi.org/10.1038/251307a0
https://www.illusionsindex.org/i/duck-rabbit
https://www.illusionsindex.org/i/duck-rabbit
https://www.illusionsindex.org/i/duck-rabbit
https://www.illusionsindex.org/i/young-woman-or-old-woman
https://www.illusionsindex.org/i/young-woman-or-old-woman
https://www.illusionsindex.org/i/young-woman-or-old-woman
https://doi.org/10.1146/annurev.neuro.29.051605.113038
https://doi.org/10.1146/annurev.neuro.29.051605.113038
https://doi.org/10.1016/j.visres.2008.05.019
https://doi.org/10.1016/j.visres.2008.05.019
https://doi.org/10.1016/j.visres.2008.05.019
https://doi.org/10.1037/h0083238
https://doi.org/10.1037/h0083238
https://doi.org/10.1017/S1930297500004575
https://doi.org/10.1017/S1930297500004575
https://doi.org/10.1371/journal.pone.0001037
https://doi.org/10.1371/journal.pone.0001037
https://doi.org/10.1371/journal.pone.0001037
https://doi.org/10.1016/j.tics.2006.09.003
https://doi.org/10.1016/j.tics.2006.09.003
https://doi.org/10.2307/1420267
https://doi.org/10.2307/1420267
https://doi.org/10.1038/nn1554
https://doi.org/10.1038/nn1554
https://doi.org/10.1016/j.cub.2009.07.052
https://doi.org/10.1016/j.cub.2009.07.052


6 i-Perception 14(4) 

How to cite this article 
Styrnal, M., Pastukhov, A., & Carbon, C. C. (2023). When a bank becomes a bank, and a bank is the bank 

but not the bank: Multistability of homonyms’ meaning. i–Perception, 12(4), 1–6. https://doi.org/10. 
1177/20416695231194210 

https://doi.org/10.1177/20416695231194210
https://doi.org/10.1177/20416695231194210

	 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




