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Target and distractor processing at 
several retinal locations 

PAULA GOOLKASIAN 
The University of North Carolina at Charlotte, Charlotte, North Carolina 

This research investigated the allocation of attention to target and distractor stimuli presented 
at varied retinal locations. Previous studies found that the spatial distribution of target and dis
tractor stimuli affected the amount of interference obtained in Stroop-like tasks. This study tested 
whether the spatial distribution effect was affected by the use of a moving target and by the presen
tation of a distractor in advance of the target. The results extended the spatial distribution effect 
to a task involving apparent motion and showed that the advance presentation of a distractor 
at varied stimulus onset asynchronies did not influence the phenomenon under study. 

This research investigated the processing of target and 
distractor stimuli presented at varied retinal locations. 
Studies have found that spatial distribution of target and 
distractor stimuli affects the amount of interference ob
tained in Stroop-like tasks. A Stroop-like task involves 
multidimensional stimuli with varied target and distrac
tor compatibility. Typically, when Stroop stimuli (Stroop, 
1935) are presented, compatible distractors speed up tar
get responding and incompatible distractors lengthen it. 
There is evidence, however, that directing attention 
toward a target that has been presented at some distance 
from a foveally presented distractor reduces or eliminates 
the Stroop interference effect (Goolkasian, 1981; Hum
phreys, 1981; Kahneman & Henik, 1981). 

The present study extended this finding by investigat
ing the effect of a distractor on perception of moving and 
stationary targets. The spatial distribution effect has been 
obtained with a variety of tasks, but they were stationary 
tasks involving form and color detection. It was of in
terest to investigate moving targets because people's use 
of peripheral vision in routine tasks (e.g., walking and 
driving) often involves moving rather than stationary 
targets. 

In this study, motion was created by a rectangular shape 
(1.1 0 X 1.2 0 ) presented in two frames serially flashed 
on a black-and-white screen. The target appeared to move 
over 3.4 0 and was considered long-range motion (Anstis, 
1980). Dick, Ullman, and Sagi (1987) recently demon
strated that apparent motion can be used to study percep
tion of the direction of motion in the visual field. Detection 
of the direction of a moving target in the present study 
was compared with detection of the orientation of a sta
tionary target. The stationary target was the letter C (3.210 
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X 2.63 0) oriented in different directions. Subjects indi
cated the target direction with a keypress. 

As in a previous study (Goolkasian, 1981), a word dis
tractor was presented at fixation, and it was one of three 
types. Compatible words spelled out the target response, 
incompatible words spelled out a different response, and 
neutral distractors were a string of XS that provided no 
information about the target direction. A comparison of 
compatible and neutral distractors would reveal facilita
tion effects, whereas interference effects would be mea
sured by comparing incompatible and neutral distractors. 

In addition to task comparisons, the presentation of the 
target and distractor were varied in four stimulus onset 
asynchronies (SOAs) to determine the effect of the ad
vance presentation of the distractor on target processing. 
If the spatial distribution effect occurs because target 
processing is more demanding in the periphery than it is 
in the fovea, then presenting the word distractor in ad
vance of the target would have an influence on the spa
tial distribution effect. 

Reaction times were measured in response to moving 
and stationary targets presented directly above or 100 to 
the right or the left of fixation. The target appeared to 
move, or was oriented, to either the right or the left. 
Response latencies were measured from the target onset, 
and responses indicated the direction of the apparent 
movement or the orientation of the stationary target. Tar
get and distractor stimuli were presented briefly 
(100 msec) to preclude eye movements in the direction 
of the peripheral targets. Average latency for initiation 
of a saccade is reported to be 200 msec (Alpern, 1972), 
so it was assumed that eye movements did not occur prior 
to a target response. 

On every trial, a compatible, incompatible, or neutral 
distractor appeared at fixation. Distractors either preceded 
the target by 500,333, or 166 msec or appeared simulta
neously with the target. Distractor onset was varied to 
examine its influence on the processing of moving and 
stationary targets. 
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METHOD 

Stimuli and Apparatus 
The target and distractor stimuli appeared on a 20-in. black-and-white 

monitor controlled by an Apple ll+ microcomputer. The apparent move
ment of the target was created by flashing a cursor consecutively for 
50 msec in two separate screen positions. There was no interstimulus 
interval between the frames. The target appeared to move across the 
screen (3 cm) in either a right or a left direction. The stationary target 
consisted of asterisks placed within a 3 x 2 matrix to form a letter C 
with the opening to the right or left. With the subject 50 cm from the 
screen, the target locations were foveal (the target appeared in the row 
above the distractor 2 cm above the fixation cross) or peripheral (l0° 
to the right or left of the foveal location). 

The distractors were the words "right" or "left" or a string of 4 
Xs written to the center of the screen at the fixation point. Each letter 
was 1.15 0 high, and the widths of the stimuli were 4.1 0, 3.4 0 , and 3.4 0 , 

respectively. The distractors were uppercase characters from the Apple 
ASCII character set. 

Real time control of the stimulus presentation rates and the response 
timing were provided by a peripheral clock (Digitry Cognitive Testing 
Station). Accuracy of the clock is reported by the manufacturer to be 
0.1 msec. A two-switch response box that interfaced with the Apple II 
was used to record the keypress responses. A Pascal program controlled 
the presentation of the stimuli and collected the subjects' responses. 

Procedure and Subjects 
On each trial, a fixation cross appeared in the center of the screen 

for 500 msec. The distractor and target followed with varied SOA in
tervals. The distractor appeared 500,333, 166, or 0 msec in advance 
of the target. 

The subjects participated individually in 50-min sessions. They were 
instructed to fixate on the center cross, ignore the distractor, and indi
cate the direction of the target motion or the orientation of the letter 
as quickly as possible by pressing one of two microswitches positioned 
under the index fingers of both hands. The subjects were given 2 sec 
to respond (responses made after 2 sec were not scored). A chinrest 
was used at all times to stabilize head movements. Before experimental 
participation, the subjects were informed about the general nature of 
the task and familiarized with the stimulus set by going through 30 prac
tice trials. 

Stationary and moving targets were manipulated as a between-subject 
factor. Thus, there were two groups of subjects randomly assigned to 
tasks. SOA, distractor type, and spatial location of the target (foveal 
vs. peripheral) were manipulated as within-subject variables. The ex
perimental session consisted of 480 trials, 20 at each of the SOA x 
distractor type x retinal location conditions. For certain conditions, target 
direction and target location to the right or left of the fixation point were 
balanced within the 20 trials. Trials from each of the 24 experimental 
conditions were randomly presented, and presentation orders were ran
domized for each subject. 

Fifty men and women students at the University of North Carolina 
at Charlotte participated as subjects for extra credit points in their psy
chology lab course. They had 20/20 or corrected 20/20 vision and no 
history of visual abnormalities. The subjects were randomly divided to 
participate in the task with either the stationary or the moving target. 
To screen subjects and to prevent the participation of a subject with an 
undiagnosed visual problem, subjects had to respond correctly to 75% 
of the practice trials to continue with the experiment. No subjects were 
removed for failure to reach this criterion. 

RESULTS 

Table 1 presents mean correct response latencies com
puted across the 20 items for each subject within each of 
the experimental conditions. A 2 X 4 x 2 x 3 analysis of 
variance was used on these data to test for the main ef
fects and interaction effects of the four variables of in
terest. Task was the only between-subject factor in the 

Table 1 
Mean Reaction Times (in msec) for the Experimental Conditions 

SOA 
(in msec) 

Distractor Type 

Compatible Neutral Incompatible 

Apparent Motion Target, Foveal Location 

500 
333 
166 

o 

443 
434 
461 
475 

444 
452 
462 
483 

456 
452 
469 
499 

Apparent Motion Target, Peripheral Location 

500 499 498 493 
333 489 492 490 
166 504 509 510 

0 538 523 554 

Stationary Target, Foveal Location 

500 405 426 421 
333 420 414 430 
166 438 440 453 

0 472 475 477 

Stationary Target, Peripheral Location 

500 451 453 448 
333 442 448 446 
166 472 465 472 

0 500 503 507 

Note-SOA = stimulus onset asynchrony. 

analysis. Error rates for each subject in each condition 
were also recorded. 

As expected, there was an interaction of target loca
tion x distractor type [F(2,96) = 3.78, p = .02], and 
this effect was consistent with the spatial distractor effect 
identified in previous studies. As can be seen in Figure 1, 
incompatible distractors interfered with target respond
ing only when targets appeared in the foveal location. 
When attention was directed to peripheral targets, distrac
tor type did not influence target responding. This effect, 
however, was not found to vary with task. There was 
neither a task x target location X distractor type inter
action (F < 1) nor an interaction of task X distractor type 
(F < 1). The distribution of attention across target and 
distractor stimuli was similar whether moving or station
ary targets were used. 
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Figure 1. Target location x distractor type interaction. 
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Figure 2. Task x target location interaction. 

Task was found to interact with target location [F(I ,48) 
= 8.13, p = .006]. Figure 2 presents this interaction. 
Although response latencies were longer for both kinds 
of targets in a peripheral location, the effect was more 
pronounced for moving targets. Contrary to expectations, 
processing the direction of apparent movement showed 
more change with retinal eccentricity than did the process
ing of stationary targets. However, even though response 
latencies from Figure 2 appeared to be slower for mov
ing targets than for stationary targets, the main effect of 
task failed to reach significance [F(1 ,48) = 2.73, 
p < .10]. 

Targets presented in the foveal location were responded 
to more quickly than targets appearing in the peripheral 
location [F(I,48) = 111.41, p < .001], and there was 
a significant main effect of distractor type [F(2,96) = 
8.40, p < .001]. 

Also of importance to this study was the effect of SOA. 
The distractor's appearance 500 or 333 msec in advance 
of the target resulted in quicker responding than in the 
other SOA intervals [F(3,144) = 153.39, p < .001]. 
Average response times for the four SOA intervals, from 
longest to shortest, are as follows: 453, 451, 471, and 
SOl msec. Presentation of the distractor immediately be
fore or simultaneously with the target interrupted target 
latencies. However, with the exception of a marginally 
significant effect of SOA X task [F(3,144) = 2.57, 
p < .06], SOA was not found to interact with any of the 
variables of interest. The interaction of SOA x task oc
curred because processing stationary targets was more af
fected by SOA than was processing of moving targets. 
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The interaction of SOA X location x distractor type 
was not found (F < 1), nor was the interaction of SOA 
x distractor type x task [F(6,288) = 1.72, p < .11]. 
The F values for the other nonsignificant effects are as 
follows: SOA x distractor type [F(6,288) = 1.03], SOA 
x task X target location (F < 1), SOA X location 
[F(3,144) = LSI, p = .231], and SOA X location x 
distractor type x task [F(6,288) = 1.14, p = .336]. 

DISCUSSION 

The absence of any interactions with SOA suggests that presentation 
of the distractor in advance of the target did not have any influence on 
the spatial distribution effect. These data rule out the hypothesis that 
the locus of the effect is the lack of spare processing capacity to devote 
to the distractor. Even when the distractor appears in advance of the 
target, and it does not compete for scarce processing capacity, the spa
tial location of the target determines the ext::nt of distractor process
ing. It appears as though stimulus processing is a spatially restricted 
phenomenon that is unaffected by the advance presentation of the dis
tractor or by a change in the nature of the task. 

An analysis of the error rates shows that subjects made an average 
of 3 % errors in responding to foveal targets and 7 % errors when respond
ing to peripheral targets. However, task, SOA, and distractor type did 
not have any systematic effects on the error rate. The error rate data, 
together with the reaction time data, show that processing peripheral 
targets was more difficult than processing foveally placed targets. The 
effect is consistent across tasks and SOA level. However, there was 
no evidence that subjects traded speed for accuracy in performing this 
task. 

In summary, the interaction of distractor type x target location repli
cates earlier findings of a spatial distractor effect, and demonstrates that 
the phenomenon occurs with both moving and stationary targets. 

REFERENCES 

ALPERN, M. (1972). Eye movements. In D. Jameson & L. M. Hur
vich (Eds.), Handbook of sensory physiology (Vol. 7). Berlin: 
Springer-Verlag. 

ANSTIS, S. M. (1980). The perception of apparent movement. Philosophi
cal Translation of the Royal Society of London B, 290, 153-168. 

DICK, M., ULLMAN, S., 6< SAGI, D. (1987). Parallel and serial processes 
in motion detection. Science, 237, 400-402. 

GooLKASIAN, P. (1981). Retinal location and its effect on the process
ing of target and distractor information. Journal of Experimental Psy
chology: Human Perception & Performance, 7, 1247-1257. 

HUMPHREYS, G. W. (1981). On varying the span of visual attention: 
Evidence for two modes of spatial attention. Quanerly Journal of Ex
perimental Psychology, 33A, 17-31. 

KAHNEMAN, D., 6< HENIK, A. (1981). Perceptual organization and at
tention. In M. Kubovy & J. R. Pomerantz (Eds.), Perceptualorgani
zation. Hillsdale, NJ: Erlbaum. 

STROOP, J. R. (1935). Studies of interference in serial verbal reaction. 
Journal of Experimental Psychology, 18, 643-662. 

(Manuscript received September 22, 1988.) 



<<
  /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




