Bulletin of the Psychonomic Society
1992, 30 (1), 77-80

The effects of practice on mechanisms of attention

STEVEN P. TIPPER, THOMAS EISSENBERG, and BRUCE WEAVER
McMaster University, Hamilton, Ontario, Canada

It is an open issue whether many of the effects observed in studies of selective attention are
stable over extended periods of practice. Subjects are often placed in novel situations, and data
is collected for 30-60 min. The results of such experiments are important, of course, because they
determine models of attention. We examined three effects over 4 days: distractor interference,
negative priming, and a form of response inhibition. The first two effects did not interact with
practice, which suggests that the underlying mechanisms, such as inhibition of distractors, were
stable. Conversely, the response inhibition effect did change with practice, but we suggest that
the proportion of cued to uncued trials used in this study enabled conscious strategies to override

the usual automatic inhibitory effects.

Mechanisms of attention are required to achieve coher-
ent perceptual-motor interactions with complex environ-
ments. Many objects can afford simultaneous actions, but
for most biological goals, such as capture of prey, action
has to be directed selectively to only one object at a time.

The difficulty of selection can be observed experimen-
tally through interference effects. Such effects as those
reported by Stroop (1935) and Eriksen and Eriksen (1974)
demonstrate that irrelevant stimuli are analyzed and com-
pete with the target stimulus for the control of action,
usually resulting in increased reaction times (RTs). For
example, RT to name the color of the ink in which a word
is written is slower if the word is a conflicting color name
than if it is some word unrelated to color.

Interestingly, although interference effects can be sub-
stantial, selection is efficient, with few inappropriate
responses to the irrelevant distractors. It has been pro-
posed that inhibition of the internal representations of the
distractors is one of the mechanisms of selection that pre-
vent inappropriate responses (Neill, 1977; Tipper, 1985).
Such inhibition has been observed by means of a priming
procedure that is based on the following logic: If the in-
ternal representations of a distracting stimulus are as-
sociated with inhibition during both selection and response
toward a target, then processing a subsequent stimulus
requiring similar representations to those previously in-
hibited will be impaired. For example, if the distracting
picture of a dog was inhibited during selection of a tar-
get, then the processing of that same picture of a dog
shortly afterward will be impaired. Such a result has been
observed in numerous situations and has been termed
negative priming (Tipper, 1985).

In this latter situation, inhibitory mechanisms prevent
an irrelevant stimulus from diverting action from a simul-
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taneously present target stimulus. However, in some sit-
uations, inhibitory mechanisms must prevent action
toward a stimulus that is the focus of attention. Inhibi-
tion of action to an attended stimulus can again be ob-
served by using a priming procedure. Thus, when a sin-
gle stimulus is presented to which subjects must not
respond, the inhibition associated with the stimulus will
be observed through impaired response to a subsequent
stimulus requiring the internal representations previously
inhibited. We can consider this a form of response inhi-
bition.!

In many experiments that purport to study selective at-
tention, experimentally naive subjects have minimal ex-
perience with the task. That is, a novel situation is en-
countered for usually about 1 h or less. Clearly, there is
little opportunity to achieve the level of experience we
possess in many of our interactions with the real world.
Therefore, there is the possibility that the mechanisms of
attention under study are mainly utilized during initial en-
counters with an unusual situation. When familiarity in-
creases, however, attentional selectivity may be achieved
by quite different mechanisms.

Moreover, many studies of selective attention use filter-
ing tasks, in which a target is selected by some physical
cue, such as location, and the overt response is to iden-
tify the object, such as in naming pictures—that is, select-
where-respond-what tasks. We have argued elsewhere
that many perceptual-motor interactions are in fact op-
posite to this task (Tipper, Brehaut, & Driver, 1990). Tar-
gets are often selected by category, and action is based
on some physical property, such as location (e.g., reach-
ing for a stimulus)—that is, select-what-respond-where
tasks.

This study takes both of these factors into account. First,
the select-what-respond-where task is used, and, second,
the effects of practice on selective attention are examined.
The subjects participated in the same task for 1-h sessions
over a period of 4 days. Whether interference, negative
priming, and response inhibition remain stable over this
period is the central concern.
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METHOD

Subjects

The subjects were 12 undergraduates (4 males) enrolled in an introduc-
tory psychology course at McMaster University. They received course
credit and $8 for their participation.

Apparatus and Stimuli

All stimuli were presented on an Apple Ile computer equipped with
a monochrome (green) monitor and joystick. The center of the monitor
was marked with a small white circle affixed to the screen. Four white
semicircular pieces of paper were affixed approximately 3 cm away from
the center point and were located above, below, to the right, and to the
left of the central fixation. These positions specified where the target
and distractor could emerge.

Procedure

The subjects were seated in front of the computer and were asked
to read the instructions that appeared on the screen. These instructions
identified O as the target and + as the distractor. A target, a distractor,
or both could emerge from behind one of the four locations marked on
the screen, although only one stimulus could occupy any one location.
The subjects were required to move the joystick in the same direction
as the location of the target. This joystick movement produced a line
on the screen emanating from the center in the direction of the joystick
movement.?

To emphasize the importance of both speed and accuracy, a point sys-
tem was instituted. Scores for each correct response ranged from 0 to
25, with higher scores corresponding to faster RTs. A correct (no
response) distractor-only trial yielded O points, and 10 points were
deducted for each incorrect response (i.e., responding to a nontarget
location). Scores were reported to the subject after every two response
opportunities, and a cumulative score was maintained throughout each
block of trials (see below). This scoring system was explained to all
subjects.

The subjects initiated each trial by pressing a button located on the
upper left of the joystick box. Following a 1,500-msec pause, the first
of two displays (the prime) appeared for 200 msec. The target and/or
distractor appeared partially occluded for 50 msec, fully visible for
100 msec, and then partially occluded for another S0 msec. After the
prime display, the screen went blank, and the subject was required either
to respond if a target had appeared or to make no response if a target
had not appeared. If no response was necessary, there was a 500-msec
pause. After each prime response (or 500-msec pause), there was a 350-
msec response-stimulus-interval (RSI), following which a second dis-
play (the probe) was presented in the same manner as the prime. After
the subject’s response to the probe, the cumulative score and scores for
the most recent prime and probe were presented, and the subject was
prompted to initiate another trial.

The subjects participated in 12 blocks of trials, with each block con-
sisting of a practice session and an experimental session. Sessions ended
when the subjects reached a criterion level of correct responses; for all
12 practice sessions, the criterion was 2 correct per condition, and for
the experimental sessions, it was 20 correct per condition. The subjects
completed 3 sessions per day for 4 consecutive days.

Each trial consisted of two displays: a prime and a probe. There were
three types of prime displays: target-alone, target-and-distractor, and
distractor-alone (see Figure 1). Interference is the difference between
target-alone and target-and-distractor prime displays and is manifested
in higher RTs and error rates in the target-and-distractor condition.

The probe displays of interest are those that follow target-and-distractor
primes and distractor-alone primes. Two different probe conditions fol-
lowed target-and-distractor primes: control (CTRL), and ignored repe-
tition (IR). In the CTRL condition, the probe target and the distractor
occupied the two positions that were unused in the prime. In the IR con-
dition, the probe target appeared in the location that had been occupied
by the prime distractor, and the probe distractor appeared in one of the
two positions that had been unoccupied during the prime (see Figure 1).
Negative priming would be indicated by greater RTs and error rates
in the IR condition.
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Figure 1. Examples of the prime and probe displays. The prime
display consists of target-alone, target-and-distractor, and distractor-
alone conditions. The difference between the target-alone and the
target-and-distractor conditions reflects the interference effect. The
probe display contains the control, ignored repetition, uncued, and
cued conditions. The contrast between control and ignored repeti-
tion reflects negative priming; the contrast between uncued and cued
reflects response inhibition. The two probe conditions following
target-alone primes were of no theoretical interest and were not
analyzed.

In the uncued and cued probe conditions that followed distractor-alone
primes, only a target was presented. In the uncued condition, that tar-
get appeared in one of the three locations that had been unoccupied during
the prime. In the cued condition, the target appeared in the same loca-
tion as the prime distractor. A response inhibition effect would be indi-
cated by greater RTs and error rates in the cued condition.

The effects of interference, negative priming, and response inhibi-
tion were all tested within-subjects over 12 blocks of trials (3 biocks
a day for 4 consecutive days). To assess the effects of the subjects’ aware-
ness on interference, negative priming, and response inhibition, half
of the subjects (n = 6) were debriefed as to the nature of the experi-
ment before their final block of trials, whereas the rest were debriefed
after their final block.

RESULTS AND DISCUSSION

Interference

Figure 2A displays the means of all of the subjects’ me-
dian RTs by block for the target-only and the target-and-
distractor conditions.® The 11 blocks were analyzed by
using a 2 (interference) X 11 (practice) within-subject
analysis of variance (ANOVA). There was a significant
effect of interference [F(1,11) = 35.15, p < .001]. As
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Figure 2. Mean response times for experimental conditions and
blocks. Panels A, B, and C represent interference, negative prim-
ing, and response inhibition, respectively.

predicted, RTs were longer when a distractor was present.
A significant effect of practice was also obtained [F(10,110)
= 9.62, p < .0001) when RTs became faster with in-
creased practice. Most importantly, there was no interaction
between practice and interference effects [F(1,110) < 1].
This latter, nonsignificant interaction indicates that the in-
terfering effects of an irrelevant stimulus remain constant
even after extended practice, indicating that selection ef-
ficiency remains fairly stable.

Table 1 indicates error rates. A two-way within-subject
ANOVA yielded no significant effects of interference,
practice, or interaction between them.

Negative Priming

Figure 2B displays by block the means of all of the sub-
jects’ median RTs for the CTRL and IR conditions. The
main effect of negative priming was highly significant
[F(1,11) = 53.95, p < .0001]: RTs were longer for IR
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trials. As with the interference effects, the effect of prac-
tice was also significant [F(1,110) = 7.11, p < .0001].
Again of most importance, there was no evidence for
an interaction between practice and negative priming
[F(10,110) = 1.21, n.s.]. Clearly, there appears to be
no effect of practice on inhibitory mechanisms of selec-
tive attention.

Error rates are displayed in Table 1. There was no ef-
fect of negative priming, a significant effect of practice
in line with the RTs [F(10,110) = 4.82, p < .001}, and
no interaction.

Response Inhibition

Figure 2C displays by block the means of all of the sub-
jects’ median RTs for the uncued and cued conditions.
A two-way within-subject ANOVA revealed no effect of
response inhibition [F(1,11) < 1], a significant effect of
practice [F(1,110) = 10.53, p < .01], and a highly sig-
nificant interaction between response inhibition and prac-
tice [F(10,110) = 12.02, p < .0001]. As can be seen
in Figure 2C, inhibition effects are initially observed, but
these are replaced by facilitatory effects by Block 7.

This response inhibition effect is affected by practice
in a qualitatively different way from that of negative prim-
ing. The former changes from inhibition to facilitation
with increased experience with the task, whereas the lat-
ter remains inhibitory. The facilitatory response inhibi-
tion can be accounted for by the contingencies of the con-
ditions. For probe displays following distractor-alone
primes, there was a 50% probability that the target would
appear in the same location as the prime distractor and
only a 16.7% probability of the target appearing in each
of the three uncued locations. Subjects are probably dis-
covering this relationship and are using the no-go prime
to predict the locus of the subsequent probe.

We suggest that this strategy is possible because atten-
tion is directed toward the prime. It is interesting to note
that a biased probability between prime and probe trials
also exists for negative priming. That is, after presenta-
tion of a target-and-distractor prime, there is a 50% prob-
ability that the probe target will be in the same location

Table 1
Mean Percentage Error Rates
Phenomenon

Negative Response

Interference Priming Inhibition
Block T Alone Tand D  Control IR Uncued Cued
1 0.38 0.55 3.15 3.63 0.00 1.45
2 0.16 0.87 2.20 4.83 1.44 2.14
3 0.19 0.75 0.38 0.76 1.13 0.38
4 0.19 0.55 1.52 2.26 0.00 0.00
5 0.19 0.56 0.00 0.75 1.51 0.38
6 0.38 0.19 0.38 0.75 0.72 0.35
7 0.35 0.92 0.75 1.45 1.51 0.35
8 0.38 0.56 0.00 0.38 1.10 0.38
9 0.19 0.56 1.13 0.75 0.38 0.38
10 0.36 0.18 1.82 1.82 1.07 1.48
11 0.19 0.56 1.48 0.38 0.00 0.00

Note—T = target, D = distractor.
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as the prime distractor, whereas there is only a 25% prob-
ability that the probe target will appear in each of the other
possible positions. It is possible that this contingency in
negative priming trials is not detected and utilized by sub-
jects because the prime is ignored. Support for this view
was gained from analysis of Block 12, which was tested
at the end of Day 4. The subjects were divided into two
groups. One group was informed of the various condi-
tions tested; the other group remained uninformed. There
was a significant interaction between negative priming and
knowledge [F(1,10) = 6.16, p < .05] such that the unin-
formed subjects continued to produce negative priming
(—19 msec), but those made aware of the conditions
produced a small facilitatory priming effect (14 msec).
No such interaction was observed for response inhibition,
which would be predicted if the subjects were already
aware of the conditions.

CONCLUSION

This experiment suggests that the mechanisms of selective attention
remain stable over increasing levels of practice. That is, at the end of
the experiment, 1,452 trials (1,452 X 2 = 2,904 individual prime and
probe events) had been completed. Even though performance improved
greatly, selection efficiency remained relatively stable, and there was
evidence that inhibition of distractors was a mechanism used through-
out the experiment. This pattern of results supports that obtained by
Tipper, Weaver, Kirkpatrick, and Lewis (in press). Conversely, response
inhibition was influenced by the level of experience with the task. In
this case, the initial inhibition was replaced by subsequent facilitatory
priming effects.

A second unpublished experiment requiring selection based on cate-
gorical properties (target = P or B, distractor = 8 or 9) rather than
simple features (target = O, distractor = +) produced essentially the
same results. That is, both significant interference and negative prim-
ing effects were obtained, and they did not interact with practice over
the 4 days of training. Once again, however, response inhibition did
interact with practice.

Recent research by Cheesman, Graf, and Bourassa (1990) has ques-
tioned whether negative priming is a stable mechanism. Using a Stroop
color-word task, they report that the effect disappears after about 300
trials. It is therefore possible that the stability of attentional mechanisms
is determined by task demands. It is certainly the case that Stroop negative
priming effects have properties that differ with the effects observed in
other experimental procedures. For example, Lowe (1979) demonstrated
that Stroop negative priming effects were influenced by the proportion
of the conditions in the experiment. We have not found this in other
procedures, and this may explain conflicting findings, such as the ob-
servation of Stroop negative priming by Neill (1977) and Neill and West-
berry (1987) after 1,000 trials.

Finally, it is an open question whether further practice would have
resulted in a change in selection strategies. Few experiments in cogni-
tive psychology examine performance after thousands of trials. But
whether, for example, inhibitory mechanisms of selection are always
utilized is clearly a relevant issue.
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NOTES

1. This effect is similar to others reported in the literature. For ex-
ample, it bears some resemblance to the inhibition of return reported
by Posner and Cohen (1984) and the stop-signal inhibition reported by
Logan (1985).

2. This procedure attempted to make the experiment more like a game.
The task was originally designed for studies with children in the first
grade. Therefore, it was described in terms of a *‘space invaders’’ game,
in which subjects had to shoot the target O (the bad guy) as fast as pos-
sible, while avoiding shooting the distractor + (the good guy). The scor-
ing system, about to be described, also attempted to encourage high levels
of speed and accuracy in the context of gaining points in the game.

3. Although the clock card used to time responses has a resolution
of about 1000 Hz, raw RTs are accurate only to about 45 msec because
of the rate at which the CPU checks for joystick responses when the
AppleSoft Basic PADDLE ( ) function is used. Despite this relatively
low resolution, we are confident that we have meaningful data for two
reasons: First, having low resolution makes it more likely that we will
fail to detect a real effect (i.e., commit a Type II error), and, second,
we have previously demonstrated that negative priming persists over
3 days of practice when RTs are measured by using a voice key, which
does not have the same sampling problem as the joystick (see Tipper,
Weaver, Kirkpatrick, & Lewis, in press).

(Manuscript received September 5, 1991.)




<<
  /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




