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Control of visual processing by color cueing*
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Eight adult Ss tachistoscopically viewed letter arrays containing 5, 10, 15, 20, or 25 letters inserted
into a 5 by 5 matrix. Each array contained one target letter, either an F or an H. The S’s task was to
identify which target letter was present in each display. Within an array, a subset of the letters was typed
in red ink, and the remaining subset in black ink. In the cued condition, S was told the color of the
target letter; in the uncued condition this information was withheld. The results indicated that color
cueing significantly increased the accuracy of letter detection. Also significant were total display size,
color of cue, and, within the cued condition, size of the target-color subset.

Using a Sperling partial report design, Von Wright
(1968) studied the selective effect of color cueing in
tachistoscopically presented letter arrays. He found that
color could be used as a basis for selection of a subset of
letters from the total array, although it was not as
effective as location, the criterion originally used by
Sperling (1960).

Another method commonly used for measuring
pattern detection is the forced-choice technique (e.g.,
Estes, 1972), in which the S is required only to report
which of the target letters is present. The purpose of the
present study is to determine if color cueing would
improve performance in this task as well.

METHOD

The set of stimuli consisted of 288 displays, each containing 5
to 25 uppercase letters inserted into a 5 by 5 matrix. Each row
and each column of the matrix always contained the same
number of letters. The letters were typed in elite type in either
red or black ink. For each display in the set, there was another
display identical to it in every respect except that the colors
were reversed. Both the columns and the rows of the matrix
were single spaced. Each display contained either one H or one
-F, but never both. For each display in the set, there was another
display identical to it in every respect except that one contained
an H and the other contained an F. There were two cueing
conditions: (1) 5 cued letters (including the F or H) of one
color, with 0, 5, 10, 15, or 20 distractor letters of the other
color; and (2) 10 cued letters (including the F or H) of one color,
with 0, 5, 10, or 15 distractor letters of the other color. The 5 or
10 cued letters were distributed such that a color-cued letter
appeared once in each row and column tor the 5-cued set and
twice in each row and column for the 10-cued set. Target
positions were balanced across all cued positions. No vowels ever
appeared in the displays.

The letter matrix cards were presented in the ‘‘stimulus”
channel of a Scientific Prototype two-channel tachistoscope, and
were uniformly illuminated at a luminance of 1.5 log fL. The
background field was provided by a similar white card,
containing a small black fixation point at the position
corresponding to the center of the letter matrix. This card was
presented in the “blank” channel and was uniformly illuminated
at a luminance of 0.5 log fL.
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The S sat in front of the tachistoscope and observed the
displays through a viewing hood. For each trial, a buttonpush by
the S initiated the presentation of the letter matrix at the
moment he wished following E’s vocal ready signal. The S’s task
was to identify and name the letter, F or H, which appeared in
each display. Following S’s response, E read aloud the correct
answer.

The first day of the experiment was a practice session, given
to all Ss in order to stabilize performance before the data for
analysis were taken. This session consisted of the repeated
presentation of a subset of the letter matrices, with
compensatory adjustments of the exposure time, until
performance stabilized at a hit rate of 68-82% (3, 4, or 5 errors
out of 16 trials) for a single exposure time. The exposure times
ranged from 20 msec to 110 msec, with a median of 50 msec.
The S was then assigned this same exposure time on all
subsequent sessions. The practice set was composed of the 16
matrices containing 5 black letters with 20 red distractor letters.
This same set was used for the warm-up trials which preceded
each daily session.

The Ss completed four test sessions, one session per day, and
each session consisted of 16-warm-up trials from the practice set
and 288 test trials. The Ss ran on the cued and uncued
conditions on alternate days. In an uncued session, all 288 letter
matrices were presented in random order. In a cued session, all
144 letter matrices of one color, in random order, preceded the
144 letter matrices of the other color. The S was always told
whether he was in the cued or uncued condition, and, if he was
in the cued condition, which cueing color was being presented.
The S was allowed to pace the rate of presentation and to pause
at any time. The E indicated when the session was 1/4, 1/2, and
3/4 completed.

RESULTS AND DISCUSSION

Data from the last 4 days’ sessions were used in the
analysis. Figure 1 shows the proportion of correct
detection responses for the eight Ss as a function of
display size under the two cueing conditions. Each point
is based on 64 observations per S or a total of 512
observations. A 6-way analysis of variance of the error
data from display sizes of 10, 15, 20, and 25 indicated
significant effects of (a) total display size
[F3411)=39.13, p<.001], (b)cueing condition
[F(1,411) =23.15, p <.001], (c) replications
[F(1,411)=31.69, p <.001], (d) Ss [F(7411)=18.12,
p<.001], and (e)color of cue [F(1411)=16.46,
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Fig. 1. Accuracy of letter detection as a function of the size of
the displav, in which a set of 5 or 10 letters was colored. The

term “target” denotes the set of colored items which con-
tained the H or F.

p <.001]. An orthogonal contrast revealed that, within
the color-cued condition, number of cued letters was
significant [F(1411) = 644, p <.05]. None of the
interactions was significant. An independent analysis of
variance compared means at the display size of 5,
yielding an F(1,7) = 2.333 (p > .05).

The main findings of interest are that detection
accuracy was greater under color-cueing conditions, and,
within a display of a constant size, accuracy was greater

for 5 cued elements than for 10. These data support the
hypothesis that Ss can employ color information to
assist the detection of a target letter.

The detection of letters under the cued-color
conditions apparently is strongly influenced by the
number of noncued (noise) letters present in the display,
in view of the substantial slope of the cued curves in
Fig. 1. This would imply that selection by color is not
complete. Conceivably the presence of noise letters
would interfere with initial separation of letters of the
cued color prior to letter processing, or it could interfere
with letter processing itself or both. Unfortunately, the
present data do not clearly distinguish among these
alternatives.

When the slopes of the cued and uncued curves are
compared, it appears that they are almost paralle]l over
the range of display sizes of 10 to 25 items. This is the
range in which noise items occur in the displays.
However, the interaction of Cueing Condition by
Display Size was close to significance, suggesting that
there may be a small difference in slope. Nevertheless it
seems somewhat surprising that a more substantial slope
difference was not found, because the advantage of
reducing the processing of a set of items to a constant
subset should increase as display size increases.

REFERENCES

Estes, W, K, Interactions of signal and background variables in
visual processing. Perception & Psychophysics, 1972, 12,
278-286.

Sperling, G. The information available in brief visual
presentations. Psychological Monographs, 1960, 74, No 11.

Von Wright, J. M. Selection in visual immediate memory.
Quarterly Journal of Experimental Psychology, 1968, 20,
62-68.

(Received for publication July 29, 1974.)




<<
  /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




