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The effects of stimulus luminance and duration
on iconic encodability

JAMES DYKES and GARVIN CHASTAIN
University of Texas, Austin, Texas 78712

Stimulus luminance, stimulus duration, and pre- and postfield luminance were varied in a whole
ceport paradigm. Preformance in all conditions improved with longer durations. With pre- and postfield
luminance equal to stimulus luminance, stimulus duration affected performance, but stimulus luminance
did not. However, when pre- and postfield luminance was held constant, performance exhibited
reciprocity between stimulus luminance and duration according to Bloch’s Law.

Many experiments converge to demonstrate the
existence of the icon, a high-capacity, rapidly decaying
sensory store. Further, there is evidence that in order to
be reported, information must be encoded from the icon
into a short-term memory before the icon has decayed.
If changes in stimulus luminance and stimulus duration
affect performance, the changes in performance could be
due either to changes in the duration of the icon or to
changes in the encodability of the icon (how fast
information can be encoded out of the icon). Kahneman
(Kahneman, 1964; Kahneman & Norman, 1964) has
shown that, below a critical duration, luminance sum-
mates over time and that performance on an identifi-
cation task is a function of the total energy of the
stimulus (Bloch’s Law). Similarly, Eriksen (Eriksen &
Hoffman, 1963) has shown that the stimulus and a light
mask are integrated if they both occur within an interval
of about 100 msec. Performance is a function of the
contrast ratio of the integrated figure. The luminance of
the masking field sums with the luminance of both the
stimulus figure and background, and an integrated
contrast ratio is applicable (the luminance summation/
contrast reduction hypothesis). Neisser (1967) suggested
that increases in stimulus luminance and duration should
increase iconic persistence. Thus, iconic duration
(stimulus duration plus iconic persistence after stimulus
offset) should increase with increases in stimulus dura-
tion. However, Haber and Standing (1970) found that
iconic duration was a constant across increases in stimu-
lus duration as long as luminance of the pre- and post-
field was held constant and the duration of the stimulus
did not exceed the constant iconic duration. They did
find that the luminance of the pre- and postfields affected
iconic duration. Iconic duration was 400 msec if the
masking fields were dark (no-mask condition) and
200 msec if they were light (masking condition).
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Haber and Standing’s results can be reconciled with
Kahneman’s by assuming that iconic duration is affected
by pre- and postfield luminance and that increases in
stimulus luminance and duration result in a more legible
icon (one from which it is easier or faster to encode
information).

Two sets of data are consistent with this notion.
Gough, Gummerman, and Dykes (in preparation)
showed that, in a partial report paradigm, the icon’s
duration is independent of stimulus duration over the
range of 40 to 120 msec. Consistent with duration
affecting encodability, Mackworth (1963) found that
with pre- and postfield luminance much brighter than
the stimulus field (39 and 3.2 fL, respectively), perform-
ance in a whole report task increased with increasing
stimulus duration over the range of 27 to 125 msec.

On the other hand, Sperling (1960) obtained data
inconsistent with this idea. He found that in a whole
report paradigm, performance was better when the pre-
and postfield were dark (4.3 letters) than when the post-
field was light (2.7 letters). This is consistent with
iconic duration being shorter in the light masking
condition. However, he found that performance did not
improve in either condition when stimulus duration was
increased from 15 to 50 msec. This would imply that
there are different performance ceilings, depending upon
the luminance of the masking field, and that stimulus
duration has no effect on iconic encodability. However,
Sperling’s results could be due to differential practice.
His subjects had had considerable practice with the
dark pre- and postfield condition before they encounter-
ed the light postfield condition.

From Haber and Standing’s (1970) results, it was
assumed that iconic duration is a function of pre- and
postfield luminance. This experiment tested a system
in which increases in stimulus luminance and duration
led to a more encodable icon and for which there was
a single performance ceiling. For this experiment,
pre- and postfield luminance, stimulus luminance, and
stimulus duration were varied. The predictions were:
(a) Increasing stimulus duration would lead to better
performance (due to increased iconic encodability),
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Figure 1. Mean number of letters perceived per trial for each
of the three luminance conditions at each of the three durations
tested.

(b) performance for any given duration would be the
same (according to Eriksen’s model), and (c) if pre- and
postfield luminance was held constant, stimulus
luminance and duration would exhibit reciprocity
(according to Bloch’s Law).

METHOD

Subjects

The subjects were nine upperclass undergraduate students
(six male and three female) in an experimental methods course
designed for potential graduate students in psychology.

Stimuli and Apparatus

The stimuli were 99 slides, each composed of 12 consonants
arranged in three rows of four consonants each. Each slide was
constructed by selecting letters randomly and without replace-
ment from the set of 20 consonants (the letter Y was excluded).
The slides were high-contrast positive transparencies of typed
black capital letters (IBM type style Prestige Elite 72). The
consonants subtended about 35 x 35 min visual angle, the space
between letters in a row subtended about 35 min, and the space
between each of the three rows subtended 24 min.

The stimuli were transilluminated in a three-field monocular
tachistoscope (Scientific Prototype Autotach) at a viewing
distance of 41.3 cm. Stimulus duration was 10, 20, or 40 msec.
Luminances were reduced and varied by means of Kodak
neutral-density gelatin filters and were measured by a Spectra
brightness spot meter. There were three combinations of stimu-
lus luminance and pre- and postfield luminance. In two condi-
tions prefield, stimulus, and postfield luminance were equal,

the luminance being 5 fL in one and 10 fL in the other (subse-
quently referred to as 5/5/5 and 10/10/10, respectively). In the
third condition the stimulus luminance was 5 fL and the pre-
and postfield luminances were 10 fL (10/5/10).

Procedure

All subjects were run in a single session averaging about
75 min in length. Luminance condition (5/5/5, 10/5/10, and
10/10/10) was constant within a block. A block consisted of
18 practice trials (6 at each duration) and 81 test trials (27 at
each duration). The order of luminance conditions was counter-
balanced using a 3 by 3 Latin square with three replications of
each order. In Blocks 1 and 3 the practice and the test trials were
presented in forward order, while they were presented in reverse
order in Block 2.

At the beginning of the session, the subject was fully inform-
ed about the nature of the stimulus displays. Whenever a subject
reported the same consonant twice in the same display or report-
ed a vowel, the erroneous response was not recorded and the
subject was reminded of the nature of the stimuli. The subject
was instructed to fixate a central dot before each trial.

The subjects were instructed to free recall as many letters as
possible and not to be overly concerned about occasionally
reporting a letter not present in the array. They were informed
that their correct reports would be adjusted in terms of their
false reports. After the 18 practice trials of the first block, the
subject was told to be less cautious in responding if he had made
no mistakes; if he had made over six errors, he was told to be
more cautious. The subject was never again given feedback
concerning his criterion. Subjects were further instructed to
report the letters in any order they wished. A reported letter
was scored correct if it appeared anywhere in the array. The
subject was not informed of the nature of the luminance condi-
tions until after the experiment.

RESULTS |

The mean number of consonants perceived over trials
was computed for each subject using a correction for
guessing formula.! The means over subjects are shown in
Figure 1.

An analysis of variance was run on the subjects’ mean
number perceived per trial using a 3 (Luminance Condi-
tions) by 3 (Durations) by 9 (Subjects) design. The
Luminance Condition effect, Duration effect, and
Luminance Condition by Duration interaction were all
significant at the .01 level (F = 6.39, df = 2/16;
F = 29.73, df = 2/16; F = 5.11, df = 4/32, respectively).
The source of the interaction was investigated by
considering each luminance condition and stimulus
duration combination a separate condition. An overall
analysis and subsequent individual comparisons were
performed. The overall conditions effect was significant
(F = 14.40, df = 8/64, p < .01). Performance in 10/5/10
at 10 msec was the poorest (F = 60.21, df = 1/64,
p < .01). Performance was similar for 10/5/10 at
20 msec and 5/5/5 and 10/10/10 at 10 msec (F < 1).
Performance for these three conditions was poorer than
for 10/5/10 at 40 msec and 5/5/5 and 10/10/10 at
20 msec (F = 37.66, df = 1/64, p < .01). As predicted,
these last three conditions did not differ from each
other (F < 1). Contrary to our predictions, performance
for 5/5/5 and 10/10/10 at 20 msec and 10/5/10 at



40 msec was not significantly poorer than for 5/5/5
and 10/10/10 at 40 msec (F < 1). This seems to be due
to a ceiling effect (about 3.5 letters for these subjects).

DISCUSSION

The most obvious result was the increase in performance with
increased duration for all masking field conditions, which
replicates the results Mackworth (1963) found with masking
fields 12 times as bright as the stimulus field. The results suggest
that when performance is below ceiling, increasing duration will
increase performance, regardless of the luminance of the pre- and
postfield. The negative acceleration of the duration effect can be
explained as a ceiling effect for at least some subjects on some
trials. Further, a single performance ceiling was evident. The
difference between these results and Sperling’s (1960) couild be
due to the fact that Sperling’s subjects had more practice in the
dark pre- and postfield condition than in the masking condition,
while order of luminance conditions was counterbalanced in the
current experiment. It is also possible that the difference is a
result of Sperling’s requiring correct positional information for a
correct response, while we did not.

Performance in the 5/5/5 condition was similar to perform-
ance in the 10/10/10 condition at all durations. This is compat-
ible with the luminance summation/contrast reduction hypothe-
sis of Eriksen and Hoffman (1963). Since the contrast ratios of
the integrated stimuli in these two conditions are the same,
performance should be equal.

Performance in the 10/5/10 condition was compared with
that in the 10/10/10 condition to test reciprocity of stimulus
luminance and duration in iconic readability when masking field
luminance is held constant. Reciprocity predicts that perform-
ance for 10/10/10 at 10 msec should equal performance for
10/5/10 at 20 msec and that performance for 10/10/10 at
20 msec should equal performance for 10/5/10 at 40 msec.
The analysis showed no difference for these comparisons. Thus
Bloch’s Law was found to hold in a light pre- and postfield
condition only when masking field luminance was held constant.

The model posited in the current study is one in which
stimulus duration and luminance determine iconic encodability.
The results of the investigation indicated that, below short-term
memory capacity (the performance ceiling), performance
improves with increased stimulus durations. Doubling the stim-
ulus luminance is offset by doubling the luminance of the
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masking fields. However, if masking field luminance is held
constant, stimulus luminance and duration exhibit reciprocity
in determining performance. The force of this conclusion must
be tempered by the fact that only two comparisons were in-
volved, with one of the ‘comparisons possibly constrained by
ceiling effects. The data are nevertheless highly suggestive, and
further investigations of Bloch’s Law appear warranted. Future
investigations should test reciprocity using several durations in
the 5- to 40-msec range and several stimulus luminances.
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NOTE

1. The formula used was #P = (8#C — 12#1)/(8 — #I/N), in
which #P is number of letters perceived, #C is number of letters
correctly reported, #1 is number of letters incorrectly reported,
and N is number of trials. The probability of a correct guess
changes as letters are perceived, because stimulus letters within a
matrix were chosen without replacement. This correction for
guessing formula takes this sequential change in probability
into account for our stimuli.

(Received for publication June 21, 1976.)




<<
  /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




