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Abstract
Looking leads gaze to objects; seeing recognizes them. Visual crowding makes seeing difficult or

impossible before looking brings objects to the fovea. Looking before seeing can be guided by sali-

ency mechanisms in the primary visual cortex (V1). We have proposed that looking and seeing are

mainly supported by peripheral and central vision, respectively. This proposal is tested in an obser-

ver with central vision loss due to macular degeneration, using a visual search task that can be

accomplished solely through looking, but is actually impeded through seeing. The search target

is an uniquely oriented, salient, bar among identically shaped bars. Each bar, including the target,

is part of an “X” shape. The target’s X is identical to, although rotated from, the other X’s in

the image, which normally causes confusion. However, this observer exhibits no such confusion,

presumably because she cannot see the X’s shape, but can look towards the target. This result

demonstrates a critical dichotomy between central and peripheral vision.
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Vision involves looking and seeing. Looking shifts gaze and attention to objects; seeing identifies
those objects. Typically, looking and seeing are seamlessly coordinated. However, Figure 1 illus-
trates an example in which they battle. This shows stimulus condition A in a previous study
(Zhaoping & Guyader, 2007), along with the characteristic confusion exhibited by normal observers
as they searched for an uniquely oriented bar. Crowding in this cluttered image makes seeing dif-
ficult before looking. Nevertheless, guided by saliency, gaze reached the target within one second
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in 50% of the trials in untrained observers (Zhaoping & Guyader, 2007; Zhaoping, 2024). (The
target’s unique orientation makes its location salient by V1 mechanisms (Li, 2002).) After seeing
the “X” containing the target bar at fovea, gaze abandoned the target in confusion to continue search-
ing elsewhere. This confusion arises from rotational invariance in shape recognition, since this X is
not distinctive from the background X’s.

Figure 2 shows example search images adapted for the current study for condition A and the
control conditions Asimple, Bsimple, and B. In each, the target is an oblique bar tilted either uniquely
clockwise or uniquely counterclockwise from vertical. Cardinal, horizontal or vertical, bars only
appear in conditions A and B, each intersects an oblique bar to make an X. In A, all the X’s have
the same shape, causing the confusion once the target X is seen. This confusion is absent in B
since the target’s X is distinctively thinner. Zhaoping & Guyader (2007) showed that conditions
A and B were equivalent in the time looking needed to gaze at the target for the first time.
However, in condition B, the gaze seldom abandoned the target. Hence, a longer response time
(RT) to report the target in condition A than B reflects the confusion triggered by seeing the X’s
shape.

Central vision is essential for seeing the target in clutter. Hence, our 86-year-old observer, with
her central vision loss due to age-related macular degeneration (MD), may be free from the confu-
sion. She gave up reading ten years ago, but can manage routine housework. She and four age-
matched control observers (82−88 years old) performed the search on a touch-screen display

Figure 1. Looking and seeing in a trial of condition A by Zhaoping & Guyader (2007). On top of a search

image (spanning 34o × 46o in visual angle), in black and white, is superposed a gaze trajectory (together with

explanations) in red, magenta, and cyan, from the start, to the later moments, of a search. The gaze started at

the image center when the image appeared. The target, a bar uniquely tilted counterclockwise from vertical,

was 15o in visual angle from the initial fixation. The first saccade (red) led the gaze to the target—looking.

About 0.5 seconds later, the gaze departed from the target (in magenta and cyan). Visual crowding makes the

target bar and its associated X illegible before the looking. Seeing, recognizing this as just another X, occurred
after the gaze reached the target, causing confusion and gaze departure.
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spanning 21.2 × 31.5 cm, containing 9 rows × 12 columns of search items. Each observer sat at a
self-determined distance (about 50 cm) from the display to perform the task comfortably, making
each stimulus bar about 1o in length.

The four conditions were randomly interleaved, with 15–20 trials per condition in each experi-
mental session. A search image appeared after observers’ button press, and disappeared once the
screen was touched (to report the target) or when 60 seconds had elapsed since its onset. The
MD individual complained of not seeing the search items well. Days later, she participated in a
second session in which each bar was enlarged by 50% (in length and width) in a sparser (6
rows × 8 columns) search array.

A test trial was deemed successful if the observer touched, within 60 seconds, a screen location
no more than 12.5% of the screen’s width/height away from the target’s center horizontally/verti-
cally. RT (RT(Asimple), RT(Bsimple), RT(A), and RT(B)) is the average time needed to touch the
screen in the successful trials (Figure 3A). The time-out rate, nonzero only in condition A, is the
fraction of the trials without a screen touch within 60 seconds (Figure 3B). Performance accuracy
is the fraction (F(Asimple), F(Bsimple), F(A), and F(B)) of the non-time-out trials that were successful
(Figure 3C). Each control observer manifested the X confusion, with RT(A) > RT(B) significantly (p

Figure 2. Example search images in four different conditions: Asimple, Bsimple, A, and B. Observers were asked

to find a uniquely oriented target bar in each image on a touch-screen display, and touch the target as quickly

as possible. In Asimple images, all bars are 45o clockwise or counterclockwise from vertical; the target is uniquely

oriented. Modifying Asimple images gives A images, when a horizontal or vertical bar intersects each original bar

to make an X. Modifying A images gives B images, when the target bar’s orientation tilts just 20o from the

intersecting horizontal/vertical bar. Removing all the horizontal/vertical bars from B images gives Bsimple images.
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values p ≤ 0.007 from statistical tests) and, except for one control observer, had either substantial
time-out rate (≥ 35%) for condition A or had F(A) < F(B) significantly (p ≤ 0.0008).

By contrast, the MD observer exhibited no X confusion in her first session. She had no time-out
trials. Her RT(A) = 4.0 seconds was statistically indifferent from her RT(B) (p = 0.14), RT(Asimple)
(p = 0.56), and RT(Bsimple) (p = 0.07). After each RT is normalized (divided) by the observer’s
[RT(Asimple)+ RT(Bsimple)]/2, her RT(A) = 1.05 was significantly shorter (p = 0.002) than the
average RT(A) = 8.3 of the control observers. Her F(A) = 24% and F(B) = 25% were statistically
equivalent (p = 0.54), and significantly better (p = 0.01) than 5.8%, the chance level, although
worse (p ≤ 0.009) than F(A) and F(B) of each control observer. Manifestly, she searched mainly
by looking (orienting and touching) without seeing.

In her second session, using enlarged search items in a sparser array, she could see much better,
such that her F(B) became statistically equivalent (p ≥ 0.07) to the F(B) in three out of four control
observers, without changing her RT(B) significantly (p = 0.86). Consequently, she manifested the X
confusion, with RT(A) > RT(B) (p = 0.039), F(A) < F(B) (p = 0.000), a 30% time-out rate for

Figure 3. Response time (RTs), time-out rates, and accuracies in the search task.
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condition A, and a significantly (p = 0.007) increased (normalized) RT(A) = 6.5 (statistically
equivalent (p = 0.38) to the average of the control observers).

In natural behavior, differential functional specializations by central and peripheral vision are
obscured, especially with trans-saccadic integration of recognition (Stewart et al., 2020). Our MD
individual’s search behavior provides a clearer demonstration that looking and seeing are mainly
functions of peripheral and central vision, respectively, as proposed by the Central-peripheral
Dichotomy theory (Zhaoping, 2019).

Acknowledgements
I thank Peter Dayan, Charles Leek, and an anonymous reviewer for very helpful comments, and the observers
for their participation in the experiments.

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
This work is supported in part by funding from the Max-Planck-Society and the University of Tübingen.

ORCID iD
Li Zhaoping https://orcid.org/0000-0002-8755-2865

References
Li, Z. (2002). A saliency map in primary visual cortex. Trends in Cognitive Sciences, 6, 9–16.
Stewart, E. E., Valsecchi, M., & Schütz, A. C. (2020). A review of interactions between peripheral and foveal

vision. Journal of Vision, 20, 1–35.
Zhaoping, L. (2019). A new framework for understanding vision from the perspective of the primary visual

cortex. Current Opinion in Neurobiology, 58, 1–10.
Zhaoping, L. (2024). Peripheral vision is mainly for looking rather than seeing. Neuroscience Research, 201,

18–26.
Zhaoping, L., & Guyader, N. (2007). Interference with bottom-up feature detection by higher-level object rec-

ognition. Current Biology, 17, 26–31.

How to cite this article

Zhaoping, L. (2024). Looking with or without seeing in an individual with age-related macular degeneration
impairing central vision. i-Perception, 15(4), 1–5. https://doi.org/10.1177/20416695241265821

Zhaoping 5

https://orcid.org/0000-0002-8755-2865
https://orcid.org/0000-0002-8755-2865
https://doi.org/10.1177/20416695241265821

	 Acknowledgements
	 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


