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The functional interaction of visual-perceptual and
response mechanisms during selective attention in
young adults, young-old adults, and old-old adults

MICHAEL P.SULLIVAN
Oregon Health Sciences University, Portland, Oregon

A response compatibility paradigm was employed to address how the perceptual and response acti
vation processes functionally interact during selective attention and how they may be influenced by
aging. The results showed that increasing the visual similarity of targets within response sets reduced
the magnitude of the interference effect, but only with a narrow interletter distance. In a dissimilar
condition, the magnitude of the interference effect did not vary with age. However, in a similar condi
tion, the magnitude of the interference effect was larger for both young (l~O years) and young-old
adults (55-79 years) than for old-old adults (~80 years). In contrast, all three groups showed similar
facilitation effects. These results failed to provide support for the notion that enhanced spatial filter
ing of the target from the flankers produces a corresponding decrease in response competition. Rather,
the decrease in the interference effect can be attributed to a functional interaction between the per
ceptual availability of partial information and the magnitude of response competition. The results also
suggest that age does not impair response activation but that advanced age diminishes the availability
of local, but not global, feature information.

Selective attention functions to facilitate the process
ing of target information that occurs in the presence of
distracting or irrelevant information. This is typically
studied with distractor interference tasks, which require
participants to select a target in a known location that oc
curs in the presence ofone or more nontargets (e.g., B. A.
Eriksen & C. W Eriksen, 1974). Within these types of
tasks, the distractors can slow response times to a target.
Currently, there are two main sources of slowing that
have been identified-one that functions within early
perceptual processes and one that is associated with re
sponse selection processes.

With regard to early selection, several studies have
provided evidence that is consistent with there being a
competition among input channels during perceptual
processing by demonstrating that responses to a target
flanked by visually similar distractors are slower than re
sponses to a target flanked by visually dissimilar distrac
tors (Bjork & Murray, 1977; Estes, 1972; LaBerge &
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Brown, 1989). To account for this slowing, LaBerge and
his colleague (LaBerge, 1995; LaBerge & Brown, 1989)
proposed a model in which attention acts as a spatial fil
ter that facilitates target identification (see, also, Coles,
Gratton, Bashore, Eriksen, & Donchin, 1985; Luck &
Hillyard, 1994; Smid, Mulder, & Mulder, 1990). Within
their model, a processing component, called the feature
register, functions to extract both feature and location in
formation from each letter presented in a stimulus array.
The feature information is sent to a shape identifier that
functions to extract the actual identity ofthe letter. In ad
dition, there is a spatial filter that operates under top
down control (i.e., identify the center target letter) to
modulate the information flow from the feature register
to the shape identifier. The spatial filter functions to am
plify the information flow at the target location, relative
to the flanker locations. Presumably, when target-flanker
similarity is low, there is little input from the spatial fil
ter, because the function oflateral inhibitory connections
that exist between similar feature representations com
posing the target and flanker letter identities (within the
feature register) are sufficient to allow for target identi
fication. However, as target-flanker similarity increases,
the functioning of the spatial filter increases, which re
quires time and slows target identification.

The second source of slowing results from a competi
tion for response activation. This occurs in two-choice
response tasks in which the response compatibility ofthe
target and distractors is varied. In the noise-compatibility
paradigm developed by B. A. Eriksen and C. W Eriksen
(1974), participants are instructed to select a central tar
get letter and to ignore flanking distractor letters. The re-
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sponse compatibility of the target and the distractors is
varied across three conditions. In the compatible condi
tion, the target and distractors share the same response
(e.g., HHH); in the incompatible condition, the target
and distractors require opposite responses (e.g., EHE,
where E is also a member of the response set); and in the
neutral condition, the distractors are not members of the
response set (SHS). The typical finding is that response
times are slower and errors are more numerous in the in
compatible than in the neutral condition (i.e., an interfer
ence effect). In contrast, the response times may be faster
and errors less numerous in the compatible than in the
neutral condition (i.e., facilitation effect). Studies of the
compatibility effects (Coles et aI., 1985; Gratton, Coles,
Sirevaag, Eriksen, & Donchin, 1988; Smid, Lamain,
Hogeboom, Mulder, & Mulder, 1991) have provided sup
port for the notion that, from the point in time in which
the early perceptual processes begin computing both tar
get and nontarget identities (LaBerge & Brown, 1989),
they are simultaneously and continuously transmitting
this information to their associated responses (c.W. Erik
sen & Schultz, 1979; Miller, 1982; Smid et aI., 1991).
The literature suggests that there are two main processes
underlying response selection. Both are considered to be
centrally located and to function prior to overt motor out
put (De Jong, Wierda, Mulder, & Mulder, 1988; Kopp,
Rist, & Mattler, 1996; Osman, Bashore, Coles, Donchin,
& Meyer, 1992). One is stimulus-response translation,
which involves the mapping between the target letters and
their associated keypresses. These stimulus-response
maps are established prior to the experiment. The other
is response activation. That is, when one of the response
channels reaches a criterion level of activation, an overt
response is executed (Gratton et aI., 1988; LaBerge, 1994;
Smid et aI., 1990; see, also, Miller, Coles, & Chakra
borty, 1996). Thus, in the incongruent condition, in
which the flankers also are members of the response set,
there is a competition between the two response chan
nels that delays responding, relative to the neutral con
dition, in which only the target response channel is acti
vated. In contrast, in the congruent condition, responses
may be faster than in the neutral condition, because there
is no competition for response activation. However, the
magnitude of the facilitation effect is much smaller than
that of the interference effect and is not always obtained
(B. A. Eriksen & c.w. Eriksen, 1974; Flowers, 1990).

The present study was designed to address two main
questions. First, within Experiment 1, the study ad
dressed whether the early perceptual processes underly
ing identification of a target that occurs in the presence
of distractors functionally interact with the later pro
cesses underlying response activation. Second, Experi
ment 2 addressed the question ofhow these processes are
influenced by aging.

EXPERIMENT 1

With regard to whether the early perceptual processes
influence the competition for response selection, previ-

ous studies have shown that decreasing the strength of
the perceptual input from the flankers by increasing the
target-flanker distance (B. A. Eriksen & C. W. Eriksen,
1974; Yantis & Johnston, 1990), increasing the size of
the targets, relative to the flankers (C. W. Eriksen &
Schultz, 1979; Ridderinkhof, van der Molen, & Bashore,
1995), masking the flankers (Schwarz & Mecklinger,
1995), or narrowing the focus ofattention around the tar
get (LaBerge, Brown, Carter, Bash, & Hartley, 1991) all
reduce the magnitude of the interference effect. How
ever, relatively few studies have examined the influence
oftarget-flanker similarity on the interference effect and
the possible influence of the enhanced function ofthe so
called spatial filter.

In a seminal study, B. A. Eriksen and C. W. Eriksen
(1974) addressed the question of whether the response
channels were sensitive to feature information arising
from the perceptual processing of the flanker or only to
identity information. As part of their stimulus set, they
presented visually similar compatible arrays in which
the target and flankers shared similar features (e.g.,
NWZHNWZ) but the flankers were not members of the
response set, and visually similar incompatible arrays in
which the flankers were visually similar to a target ofthe
opposite response set not present in the display (e.g.,
NWZSNWZ, where flankers are similar to the other tar
get, H). The results implicated a role for early perceptual
processing (enhanced function of the spatial filter) by
showing that response times to the visually similar in
compatible arrays did not differ from response times to
the visually similar compatible arrays at a narrow (0.06°)
interletter distance. More important, the results showed
a reduction in the interference effect for the visually sim
ilar incompatible arrays, relative to an incompatible con
dition (e.g., HHHSHHH), which supported the notion
that the response channels may be sensitive not only to
identity, but to feature level information. Indeed, several
studies have since replicated this finding (C. W. Eriksen
& Schultz, 1979; Miller, 1982; Osman, Bashore, Coles,
Donchin, & Meyer, 1988; Smid et aI., 1991; Yeh & Erik
sen 1984; see, also, Lavie, 1997). The general explana
tion for this reduction has invoked the notion that the
competing response channel receives less activation
from feature than from identity input.

In a later study, C. W. Eriksen and B. A. Eriksen
(1979, Experiment 1) varied the visual similarity of tar
gets across response sets, to examine predictions made
by the continuous flow model (C. W. Eriksen & Schultz,
1979), as well as the interactive channels model ofEstes
(1972), which states that, as the number of features
shared by a target and a flanker increases, the competi
tion among their respective input channels increases and
slows target identification. In their study, the target
letters Hand S were assigned to one response set, and
the target letters K and C were assigned to the other re
sponse set and combined to form the following dissimi
lar and similar flanker conditions: congruent (e.g., d,
SSSHSSS; s, HHHHHHH), neutral (e.g., d, GJQHGJQ;
s, NZWHNZW), and incongruent (e.g., d, CCCHCCC;
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s, KKKHKKK). The results showed an effect of similar
ity only at a narrow (i.e., 0.06°) interletter distance. The
results from the compatible condition provided support
for the continuous flow model, since response times
were reliably slower in the dissimilar than in the similar
condition. This was attributed to response competition
from the flanker letter of the same response set. In con
trast, although not reliable, for both the incompatible and
the neutral conditions, response times were faster in the
dissimilar than in the similar condition. C. W Eriksen
and B. A. Eriksen suggested that these results were con
sistent with the interactive channels model, as well as
with an easier Gestalt segregation of the target from the
flankers in the dissimilar condition. However, C. W
Eriksen and B. A. Eriksen (1979, Experiment 1) did not
use these data to address the question of whether target
flanker similarity modulated the magnitude of the inter
ference effect.

Recently, Zeef, Sonke, Kok, Buiten, and Kenemans
(1996) addressed this question directly within a response
compatibility paradigm by examining whether visually
similar flankers (i.e., NNHNN) would produce a greater
interference effect (incongruent minus congruent) than
would visually dissimilar flankers (i.e., SSHSS). In ad
dition, they also varied the interletter distance from 0.4T"
to 3.26~ The results showed no difference in the magni
tude of the interference effect (incompatible minus com
patible) between the similar and the dissimilar condi
tions. On the basis of this finding, Zeefet al. argued that
the feature similarity of the target and the flankers does
not contribute to the interference effect produced by in
compatible flankers. However, the failure ofZeefet al. to
observe a functional interaction between perceptual and
response activation processes may have resulted from the
fact that even the narrowest target and flanker interletter
distance was considerably wide at 0.47~ At this distance,
the common feature information may not have had an
opportunity to interact and produce a perceptual confu
sion sufficient to require the further engagement of the
spatial filter (B. A. Eriksen & C. W Eriksen, 1974; C. W
Eriksen & B. A. Eriksen, 1979; LaBerge, 1995).

To address this question, Experiment 1 employed a
flanker compatibility task similar to those ofC. W Erik
sen and B. A. Eriksen (1979) and Zeef et al. (1996) and
manipulated the visual similarity (similar, dissimilar) of
the target and flankers, the interletter distance (narrow,
wide), and response compatibility (congruent, incon
gruent, neutral). However, in order to determine whether
an interaction between target-flanker similarity and the
interference effect is dependent on interletter distance,
the wide interletter distance was set to be equal to the
smallest distance used by Zeefet al. (0.4r), and the nar
row distance was set at 0.09° In addition, to maximize
perceptual interference, a short target display duration
was included, to limit the amount of time participants
had to extract identity information from the target and
flankers (C. W Eriksen & Schultz, 1979; Schwarz &
Mecklinger, 1995).

To the extent that enhanced spatial filtering influences
response activation at the narrow interletter distance,
there are two possible outcomes. In both cases, the en
hanced function of the spatial filter is expected to slow,
rather than speed up, target identification. According to
LaBerge and Brown (1989), the spatial filter is under top
down attentional control, which requires more process
ing time as target-flanker similarity increases. On the
one hand, increasing target-flanker similarity may slow
target identification and allow the incongruent flanker
more time to activate the competing response (Rid
derinkhof et al., 1995). On this account, the enhanced
functioning of the spatial filter would facilitate target
processing but would not affect the processing of the
flanker identity. This would result in a larger interference
effect in the similar than in the dissimilar condition. On
the other hand, increasing target-flanker similarity may
reduce the interference effect. That is, the enhanced
function of the spatial filter may slow target identifica
tion and either reduce the perceptual processing of the
flanker identity (LaBerge & Brown, 1989), which may
result in a corresponding decrease in response activation,
or allow the incongruent response channel's activation to
decay or receive greater suppression from the target re
sponse channel, to the extent that they mutually inhibit
one another (Coles, Gehring, Gratton, & Donchin, 1992;
see, also, Gratton et al., 1988; Marteniuk & MacKenzie,
1980). However, whether an increase in target-flanker
similarity produces an increase or decrease in the inter
ference effect is an empirical question.

Method
Participants

Fifteen young adults (mean age = 26.5 years, SD = 4.67) were
recruited from Oregon Health Sciences University and Portland
State University and paid $5 for participation in the experiment. All
the participants reported normal or corrected-to-normal vision.

Stimuli
The stimuli consisted of uppercase white characters presented on

a black screen in Monaco 18 bold font. At a distance of 61 em, the
letter stimuli each subtended a visual angle of 0.38° horizontally
and 0.52° vertically. The distance between letters within the target
displays was 0.09° for the narrow separation condition and 0.47°
for the wide separation condition. Thus, the entire three-letter se
quence subtended a horizontal angle of 1.32° for the narrow sepa
ration condition and 2.08° for the wide separation condition. The vi
sual similarity of the target and flanker letters in the dissimilar and
similar flanker conditions was based on the number of shared fea
tures, in accordance with the feature set provided by Keren and
Baggen (1981). The target letters in the similar flanker condition (V,
Y) shared four features, and the target letters in the dissimilar
flanker condition shared no features (Y,Q). The targets and flankers
in the neutral conditions of the similar (YF, VF) and dissimilar (YF,
QF) flanker conditions shared no features.

Design
The design consisted of the within-subjects factors of flanker

similarity (similar, dissimilar), interletter distance (narrow, wide),
and response compatibility (congruent, incongruent, neutral). The
flanker similarity conditions were blocked and the order counter
balanced across participants, so that half of the experimental trials
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required a response to targets from the similar condition (Y, V) and
the other halfrequired a response to targets from the dissimilar con
dition (Y, Q). The interletter distance conditions also were blocked
and the order counterbalanced across participants within each
flanker similarity condition. The interletter distance conditions
were blocked, rather than intermixed, in an attempt to facilitate con
sistent processing ofthe target-flanker arrays. There were four pos
sible orders for presentation of the similarity and interletter distance
conditions. Each of the similarity X interletter distance blocks con
tained 24 congruent trials, 24 incongruent trials, and 24 neutral tri
als, for a total of 288 experimental trials. In the congruent condi
tion, flanker letters were identical to the central target letter (e.g.,
YYY, QQQ). In the incongruent condition, the flankers letters com
peted with the target letter for response selection (e.g., VYY,QYQ).
In the neutral condition, flankers were not associated with a re
sponse (i.e., FYF, FQF).

Apparatus
The experiment was run on a Macintosh Color Classic or Mac

intosh 660 AV computer with a high-resolution 14-in. Apple color
monitor. The custom software program that controlled presentation
and timing of stimuli was written in Psyscript (Cohen, MacWhin
ney, Flatt, & Provost, 1993). Response latencies were obtained with
a Carnegie Mellon University button box containing three mi
croswitches and a crystal oscillator that produces time measure
ments to within ± I msec.

Procedure
The participants were tested individually in a dimly lit room and

were dark adapted. First, they were given practice in mapping the
target letters of the currently assigned similarity condition (i.e., Y,
Q or Y, V) to their respective response keys. The Ys in each simi
larity condition were always mapped to the same key. The experi
menter informed the participant of the target letter/response key
mapping. Each of the target-response mapping trials consisted of
the following series of events, centered in the screen: (I) a fixation
cross appeared (1,000 msec); (2) one of the two target letters (Y or
V; Y or Q) appeared randomly and remained on until a response
was made; (3) feedback regarding accuracy, in the form of the writ
ten word correct or incorrect, appeared (750 msec) and was ac
companied by a simultaneous 50-msec correct or incorrect beep;
and (4) an intertrial interval occurred (750 msec). The participants
were required to attain 100% accuracy on a set of20 target-response
mapping trials before beginning the experiment.

The experimenter then presented 18 practice trials made up of 3
trials in each of the two interletter distance X three flanker condi
tions. On each trial within a block, the participant saw the follow
ing series of events, centered in the screen: (I) a fixation cross-ap
peared (1,000 msec); (2) one of the three possible target-flanker
displays was randomly selected and appeared (240 msec); (3) a
1,760-msec response period was given; and (4) an intertrial inter-

val occurred (750 msec). Thus, on each trial, the participant had
2,000 msec in which to respond from the onset of the target display.
If no response was made, the next trial began. The participants re
ceived no feedback regarding accuracy. The participants were in
structed to focus their attention on the fixation display and then to
select the center letter in the target display and to ignore the
flankers. The participants were instructed to respond as quickly and
accurately as possible. Following the practice trials for each as
signed similarity X interletter distance block, the 72 experimental
trials were administered.

Results

In analyzing the reaction time data, all the trials on
which the participant responded prior to target presenta
tion or failed to respond within the time-out period were
eliminated (.001). In addition, all trials on which an error
occurred were eliminated. From the remaining correct
observations (.96), response latencies greater than three
SDs from the overall mean for each subject/condition
were deleted as outliers. This resulted in the loss of0.9%
of the observations. The significance level for all the
tests was set at p < .05, two-tailed.

Response Latency
Tables 1 and 2 show, for each condition, the mean re

sponse latencies and the facilitation (congruent minus
neutral) and interference (incongruent minus neutral) ef
fects, respectively. First, note that overall response la
tencies are, in general, slower for the similar flanker con
dition (513 msec) than for the dissimilar flanker condition
(476 msec). Second, a facilitation effect is present and
appears larger for the dissimilar flanker condition than
for the similar flanker condition. Third, the interference
effect across both similarity conditions is larger in the
narrow interletter distance condition than in the wide in
terletter distance condition. Fourth, the interference ef
fect is larger in the dissimilar flanker condition than in
the similar flanker condition, but only with a narrow in
terletter distance.

These observations were supported by an overall 2 X
2 X 3 repeated measures analysis of variance (ANOVA),
with similarity (dissimilar, similar), interletter distance
(narrow, wide), and flanker compatibility (congruent, in
congruent, neutral) as within-subjects factors. There
were main effects of similarity, [F(l, 14) = 36.82, MSe =

Table 1
Mean Choice Response Latencies (in Milliseconds) and Percent Error as a Function of Flanker Similarity and

Interletter Distance in Experiment 1

Dissimilar Similar

Narrow Wide Narrow Wide

C N C N C N C N

Response time
M 464 482 541 437 460 475 499 513 554 496 500 514
SE 21 19 21 18 16 14 17 17 17 20 20 17

Percentageerror
M .006 .017 .056 .014 .031 .033 .011 .019 .042 .008 .031 .044
SE .004 .007 .014 .009 .008 .009 .005 .007 .008 .004 .010 .010

Note-C, congruent; N, neutral; I, incongruent.
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Table 2
Mean Choice Response Latency Differences for the Facilitation (Congruent Minus

Neutral) and Interference Effects (Incongruent Minus Neutral) as a Function of
Flanker Similarity and Interletter Distance in Experiment 1

Dissimilar Similar

Narrow

Facil Interf

Wide

Facil Interf

Narrow

Facil Interf

Wide

Facil Interf

M
SE

-18
7

59
6

-23
7

15
5

-14
6

40
7

-4
5

15
7

1,614,p < .0001], which indicated that overall response
times in the similar flanker condition were slower than in
the dissimilar flanker condition, and interletter distance,
[F(I,14) = 30.32, MSe = 1,217,p < .0001], which indi
cated that overall response times were slower in the nar
row distance condition than in the wide distance condition.
There was also a reliable effect of flanker [F(2,28) =
74.83, MSe = 465,p < .0001]; a post hoc test showed that
response times increased reliably from the congruent to
the neutral to the incongruent condition (ps < .0008).
The similarity X flanker interaction [F(2,28) = 7.28, MSe
= 235, P < .003], and the interletter distance X flanker
interaction were both reliable and will be addressed fur
ther below within the context of examining the facilita
tion and interference effects. Although the similarity X
interletter distance X flanker interaction was not reliable
here in the overall analysis [F(2,28) = 1.52, MSe = 225,
P = .24], as will be seen, this can be attributed to the in
fluence of the congruent condition. None of the other in
teractions were reliable (all ps > .12).

Facilitation effects. To examine the facilitation ef
fects, difference scores were computed (congruent minus
neutral) and entered into a 2 X 2 repeated measures
ANaVA, with similarity (dissimilar, similar) and inter
letter distance (narrow, wide) as within-subjects factors.
The results showeda marginal effect ofsimilarity [F( 1,14)
= 4.07, MSe = 489,p = .06], which suggested that the
magnitude of the facilitation effect was larger in the dis
similar than in the similar condition. None of the other
effects was reliable (ps > .28).

Interference effects. To examine the interference ef
fects, difference scores were computed (incongruent
minus neutral) and entered into an ANaVA identical to
that described for the facilitation effects. The results
yielded a marginal effect of similarity [F(2,45) = 4.30,
MSe = 336,p = .06], which suggested that the interfer
ence effect was larger for the dissimilar than for the sim
ilar condition, a reliable effect of interletter distance,
which showed that the interference effect was larger in
the narrow than in the wide condition, and a similarity X

interletter distance interaction [F(1,14) = 6.54, MSe =
185,p < .02]. Post hoc testing revealed that the interfer
ence effect was reliably larger in the dissimilar condition
than in the similar condition, given a narrow interletter
spacing (p < .002), but not a wide interletter spacing
(p = .87).

Error Analyses
Table I shows the mean percentage error rate for each

condition. As can be seen, the error rates increase across
the congruent, neutral, and incongruent conditions. How
ever, there appears to be no interaction of either target
flanker similarity or interletter distance with the flanker
compatibility effects.

These observations were supported by an overall 2 X
2 X 3 repeated measures ANaVA, with similarity (dis
similar, similar), interletter distance (narrow, wide), and
flanker compatibility (congruent, incongruent, neutral)
as within-subjects factors. The results yielded only a
main effect of flanker compatibility [F(2,28) = 19.03,
MSe = 0.51, P < .0001]. Post hoc testing revealed that
the error rates increased reliably from the congruent to
the neutral to the incongruent condition (p < .01, both
cases).

Discussion
The results of Experiment 1 showed that participants

were slower to identify similar than dissimilar targets
and slower to identify targets surrounded by near, rather
than far, flankers. However, these two factors did not in
teract in the overall reaction times. The overall slowing
of reaction times to the similar targets, which also was
observed by Zeef et at. (1996), appears to be due to a
confusion over which target is present, independent of
any slowing owing to lateral inhibitory connections be
tween similar target and flanker features (Bjork & Mur
ray, 1977; Estes, 1982; LaBerge & Brown, 1989). Al
though there was an overall reliable facilitation effect,
the confusion regarding the identity of similar targets
also may have contributed to the trend toward a larger ef
fect for dissimilar than for similar targets. That is, even
though the target and flankers were identical in the con
gruent conditions, the participants appear to have bene
fited more when the context of the experiment (i.e., dis
similar targets) provided a clear distinction between
targets. This notion will be addressed further below. The
facilitation effect, however, did not interact reliably with
interletter distance.

In contrast, there was a reliable similarity X interlet
ter distance interaction in the interference effect. When
the target and flankers were separated by a wide inter
letter distance, there was no difference in the magnitude
of the interference effect between the dissimilar and the
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similar conditions. However, when the target and flankers
were in close proximity, the interference effect was reli
ably larger in the dissimilar than in the similar condition.
These results replicate the well known finding that in
creasing the interletter distance reduces the magnitude
of the interference effect (see, e.g., B. A. Eriksen & C. W.
Eriksen, 1974; Yantis & Johnston, 1990). However, the
novel finding of greater interference for dissimilar than
for similar targets at the narrow interletter distance sug
gests that Zeef et al.'s (1996) failure to observe an effect
of similarity on the magnitude of the interference effect
was due, in part, to their use ofa wide (2:0.47°) interlet
ter distance.

At the outset, I hypothesized that enhancing the oper
ation of the spatial filter during early perceptual pro
cessing might function to reduce competition, by either
reducing the processing of the flanker identity (LaBerge
& Brown, 1989; LaBerge et al., 1991) or allowing the in
congruent response channel's activation to decay (Coles
et al., 1992). However, a closer inspection of the data
suggests that this may not have occurred. If increasing
target-flanker similarity and narrowing interletter dis
tance are more likely to enhance the function of the spa
tial filter, response times to similar targets should be
faster than response times to dissimilar targets in the in
congruent condition, owing to a reduction in response
competition, but not in the neutral condition, given that
their target-flanker feature similarity was equated. To
address this question, differences scores were calculated
by subtracting the mean response time to dissimilar tar
gets from the mean response time to similar targets. This
showed that the magnitude of the difference was positive
and larger in the neutral than in the incongruent condi
tion with narrow interletter spacing (neutral - mean =
32 msec, SE = 10; incongruent - mean = 13 msec,
SE = 9), but not with wide interletter spacing (neutral 
mean = 40 msec, SE = 11; incongruent - mean =
39 msec, SE = 11). These data suggest that the decrease
in the magnitude of interference cannot be accounted for
by increased spatial filtering.

So how can we account for these results? Several stud
ies using both alphanumeric and nonalphanumeric charac
ters have shown that the perceptual processing of global
shape or color information (in isolation or in conjunc
tion with color/shape) within the same hierarchical level
is available prior to local shape information (e.g., C. W.
Eriksen & Schultz, 1979; Miller, 1982; Miller & Hackley,
1992; Navon, 1977; Smid, Boeker, van Touw, Mulder, &
Brunia, 1996; Smid & Heinze, 1997; but see Ridderink
hof & van der Molen, 1995; Smid, Mulder, Mulder, &
Brands, 1992), and depending on the participant's strat
egy for responding (i.e., whether it yields performance
benefits), the global information mayor may not be used
to activate a response before the local shape elements are
identified (Coles, De Jong, Gehring, & Gratton, 1991;
Smid et aI., 1996).

As with the trend toward greater facilitation for the
dissimilar than for the similar targets, the analysis of the

interference data also suggests that it is the difference in
target similarity between the two response sets that is mod
ulating the magnitude of the interference effect. Specifi
cally, there appear to be two sources for the effect oftarget
similarity. First, the targets in the dissimilar response set
(YQ) can be differentiated at a global level, whereas the
targets within the similar response set can only be dif
ferentiated at a local level (VY), given their global sim
ilarity (i.e., the downpointing arrowhead; Pomerantz,
1983; Smid & Heinze, 1997). The data are consistent
with the notion that target selection (i.e., stimulus
response translation) is overall faster for the dissimilar
than for the similar targets because correct selection ofa
dissimilar target is possible on the basis of the early
availability ofglobal shape information, whereas correct
selection ofa similar target must await the availability of
local shape information. Moreover, Smid et al. (1991)
have shown that if, for example, Q is assigned as a target
in a choice task, presentation of a nontarget letter, such
as G, that shares a global feature with the target pro
duced an initial activation of the target response chan
nel. This suggests that, in the present task, the longer re
sponse times to similar than to dissimilar targets in the
neutral condition also may be due, in part, to the shared
global feature activating both responses.' Second, an in
spection ofthe data showed that the magnitude ofthe dif
ference in response times between similar and dissimilar
targets was larger in the neutral than in the incongruent
condition, but only at a narrow interletter distance. More
over, at the narrow interletter distance, the response times
to dissimilar and similar targets were of a similar mag
nitude in the incongruent condition. This suggests that
the dissimilar flankers were activating their response
channels to the same degree as were similar flankers.
Thus, even though selection can occur faster for dissim
ilar than for similar targets, the presence of strong re
sponse competition at the narrow interletter distance ap
pears to delay response selection sufficiently to reduce
the benefit. In contrast, when the response competition
is reduced by increasing interletter distance, the benefit
of selection on the basis ofglobal shape information ap
pears to emerge. In this regard, it should be noted that
blocking, rather than randomly varying interletter dis
tance, may have contributed to this reduction at the wide
interletter distance by minimizing the influence offlanker
processing. Nevertheless, these results contrast with
those of C. W. Eriksen and B. A. Eriksen (1979), who
found essentially no effect of similarity within neutral or
incongruent conditions. However, this is not suprising,
given that the targets within their dissimilar (HK) and
similar (SC) response sets can both be differentiated at a
global feature level.

EXPERIMENT 2

The purpose of Experiment 2 was twofold. First, I
wanted to replicate the finding that the magnitude of the
interference effect decreases with increases in target re-



816 SULLIVAN

sponse set similarity. Second, in Experiment 2, I exam
ined how the perceptual and response activation pro
cesses underlying this reduction may be influenced by
aging.

With regard to age-related changes in visual sensory
processing, the literature shows that there is an age
related decrement in the ability to extract parafoveal in
formation efficiently, even when optical techniques are
employed to equate acuity across young and old adults
(e.g., Sekular & Ball, 1986). This has been shown to pro
tect older adults from the influence ofdistractors presented
at wide interletter distances, especially when letter size
is small (e.g., CerelIa, 1985; Hartley & McKenzie, 1991).
Within foveal view, evidence from letter- and shape
matching tasks has shown consistent age-related decre
ments in perceptual processing (Allen, Weber, & Mad
den, 1994; Allen, Weber, & May, 1993; Krueger &
Allen, 1987; see also Madden, Pierce, & Allen, 1993).
For example, Allen et al. (1994) found a larger false
different effect for errors in which older adults were
more likely to say that two identical letters are different.
They attributed this to an age-related increase in what
they termed internal perceptual noise, which functions to
distort the visual features composing the letter identities.

With regard to response activation, the literature is
equivocal, because some studies have provided evidence
for an age-related increase in the interference effect (e.g.,
CerelIa, 1985; Zeef & Kok, 1993; Zeef et aI., 1996),
whereas others have not (e.g., Faust, Balota, & Duchek,
1995; Kramer, Humphrey, Larish, & Logan, 1994; Plude
& Hoyer, 1986; Wright & Elias, 1979). The majority of
studies failing to find an age-related decrement in the in
terference effect have used tasks in which the flankers
were visually dissimilar to the target (e.g., KHK; Faust
et aI., 1995; Kramer et aI., 1994; Wright & Elias, 1979).
In contrast, Zeef and Kok provided evidence in support
ofan age-related increase in interference, given flankers
that were visually similar to the target (e.g., HHNHH). In
an attempt to determine whether target-flanker similar
ity might account for the difference across studies, Zeef
et al. used a within-subjects design to determine whether
increasing target-flanker similarity would produce an
age-related increase in the interference effect. The re
sults disconfirmed this hypothesis, since the results
showed an age-related increase in the interference effect
that was ofa similar magnitude for both visually similar
and visually dissimilar flankers. On the one hand, as was
suggested by Zeef and Kok (1993), these results do not
support the notion that age-related increases in interfer
ence are perceptually based. Rather, the results point to
an age-related increase in response competition. On the
other hand, their finding ofan age-related increase in the
interference effect with dissimilar target and flankers is
at odds with the absence of this effect in the majority of
previous studies (Faust et aI., 1995; Kramer et aI., 1994;
Plude & Hoyer, 1986). One reason for this may be that
Zeef et aI., as well as other studies showing an age-re
lated increase in the interference effect even with dis-

similar targets and flankers (e.g., CerelIa, 1985), did not
account for the generalized slowing associated with in
creasing age, which is known to produce larger effect
sizes in older adults than in young adults (see, e.g.,
CerelIa & Hale, 1994; Myerson, Hale, Wagstaff, Poon, &
Smith, 1990).

Therefore, in light of these equivocal findings, in Ex
periment 2 the question ofwhether an age-related decre
ment in selection exists and, to the extent that it does,
whether it is mediated by an age-related decrement in
perceptual processing or an age-related increase in re
sponse competition was examined. To evaluate the gen
erality of the influence oftarget similarity on the magni
tude of the interference effect, and in an attempt to
replicate a recent study by Faust et al. (1995) showing no
age-related decline in the interference effect with a si
multaneous target display, a stimulus set different from
that in Experiment 1 was employed for the dissimilar
condition. In contrast to Zeef et al. (1996) and the ma
jority of previous studies, Experiment 2 included not
only young and young-old adults (55-79 years of age),
but also old-old adults (79+ years of age), to examine
the influence ofadvanced aging. In addition, on the basis
of the results of Experiment I, Experiment 2 employed
a small interletter distance (0.09°) between target and
flankers, as well as a short display duration (240 msec).
The use of a small interletter distance should reduce the
likelihood of an age-related decrease in the ability to
extract information from the flankers (CerelIa, 1985;
Hartley.& McKenzie, 1991). Along these same lines, it
is important to note that the 240-msec display duration
used in the present study is longer than that used by
CerelIa (Experiment 3; 200 msec), who reported an age
related increase in interference with a O. T" interletter
distance. Finally, Experiment 2 also will employ analy
ses that take into account overall age-related speed
differences.

On the basis of the results of Experiment I, the inter
ference effect should be reliably larger in the dissimilar
than in the similar condition. However, whether age in
teracts with either of these effects is an empirical ques
tion. To the extent that an interaction is obtained, the
pattern ofeffects within the incongruent and neutral con
ditions should reveal the underlying cause for any age
related decrements. Ifthere is an age-related decrement
in the perceptual processing of global or local shape in
formation, but no age-related increase in response com
petition, there should be an age-related increase in re
sponse times to dissimilar and similar targets in the
neutral condition, but not in the incongruent condition.
Moreover, an age-related increase in response times to
similar, but not to dissimilar, targets within the neutral
condition would suggest a specific reduction in the avail
ability oflocal, but not global, information. The absence
of a difference in the incongruent condition is based on
the results of Experiment I, which suggest that strong
response competition reduces the benefit from speeded
perceptual processing. In contrast, if there is no age-
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related decrement in the availability of global (dissimi
lar targets) or local (similar targets) shape information, but
there is an age-related increase in response competition,
there should be a disproportionate age-related increase
in response times to targets in the incongruent condition,
but not in the neutral condition.

On the basis of Experiment 1, the results of Experi
ment 2 may yield a larger facilitation effect for dissimi
lar than for similar targets. Although previous studies
have shown no age-related decrement in facilitation
(e.g., Balota & Duchek, 1991; Spieler, Balota, & Faust,
1996; Sullivan & Faust, 1993), the magnitude of the fa
cilitation effect may be larger in the similar than in the
dissimilar condition for the older adults, owing to slower
response times in the similar, neutral condition.

Experiment 2 also included narrow and wide focus
of-attention conditions, since LaBerge et al. (1991) have
provided evidence that the spatial filter, under top-down
control, can function to narrow the focus of attention
around the location of the target and to reduce response
competition. In the narrow focus condition, the partici
pants were first required to fixate their attention on a sin
gle fixation cross and then to process a single letter that
appeared briefly prior to the target display. In the wide
focus condition, the participants were first required to
fixate their attention on a fixation cross flanked by two
filled circles and then to process a three-letter word that
appeared briefly prior to the target display. This proce
dure is similar to that of LaBerge and his colleagues
(LaBerge & Brown, 1989; LaBerge et al., 1991). How
ever, to simplify the task, no catch trials were included
for the reading of the single letters and words. Although
the absence of catch trials may allow the participants to
avoid reading the words, according to LaBerge and
Brown this is unlikely, because words are automatically
processed as wholes. The attentional focus conditions
were included for two reasons. The first was to examine
whether the older adults could adjust and maintain their
focus ofattention. Previous studies have provided mixed
results. For example, in visual search tasks, young-old
adults appear to be able to use a cue to adjust their focus
ofattention to identify a target, (Madden, 1992; Madden,
Connelly, & Pierce, 1994), whereas old-old adults (>75
years of age) show an age-related decrement (Green
wood, Parasuraman, & Alexander, 1997). In contrast,
Hartley and McKenzie (1991) have shown that young
old adults benefited more from a narrow than from a
wide focus of attention in a target detection task. Sec
ond, a wide focus of attention was included, in an at
tempt to create a more sensitive measure of any age
related decrement in perceptual processing, independent
of changes in attention (Hartley & McKenzie, 1991). In
sum, to the extent that participants adjust their focus of
attention according to the task demands, a narrow focus
ofattention should produce a smaller interference effect

than does a wide focus ofattention (LaBerge et aI., 1991;
Paquet & Lortie, 1990).

Method
Participants

Seventeen young adults (mean age = 22.47 years, SD = 4.38),
15 young-old adults (mean age = 67.2 years, SD = 4.52), and 16
old-old adults (mean age = 86.56 years, SD = 4.18) participated in
the experiment. The mean years of education were 14.4 (SD =
2.67) for the young adults, 15.2 (SD = 1.93) for the young-old
adults, and 15.5 (SD = 4.18) for the old-old adults. The mean years
of education did not differ reliably between the groups [F(2,45) =
0.72, MSe = 7.30,p = .49]. The young adults were recruited from
Portland State University and Oregon Health Sciences University.
The young-old adults were recruited from the Portland community,
and the old-old adults were recruited from a pool of optimally
healthy old-old adults who were followed yearly by the Oregon
Brain Aging Study at Oregon Health Sciences University.

The mean normal or corrected visual acuities were 20/24.7
(SD = 7.8) for the young adults, 20/39 (SD = 5.41) for the young
old adults, and 20/32.5 (SD = 10.17) for the old-old adults. Both
groups of old adults were screened for depression with the Geri
atric Depression Scale and for any other mental disorders that could
affect cognitive function. The old adults were administered the
Mini-Mental Status Examination (M. F. Folstein, S. E. Folstein, &
McHugh, 1975). The mean score for the young-old adults was 29.5
(SD = 0.97), and the mean score for the old-old adults was 28.88
(SD = 1.15). Although the mean scores of young-old and old-old
adults were reliably different from each other [F(I,29) = 5.12,
MSe = 0.93,p < .03], both groups scored within the normal range.

Stimuli
The stimuli consisted ofuppercase white characters presented on

a black screen in Geneva 18bold font. The viewing distance as well
as the size and spacing of the stimuli at the narrow interletter dis
tance were the same as those in Experiment I. The visual similar
ity of the target and flanker letters in the dissimilar and similar
flanker conditions was based on the number of shared features, in
accordance with the feature set provided by Keren and Baggen
(1981). The target letters in the similar flanker condition (Y, Y)
shared twice as many features as the target letters in the dissimilar
flanker condition (E, H). The average number of shared features be
tween the targets and the flankers in the neutral conditions of the
similar (YZ, VZ) and dissimilar (ES, HS) flanker conditions was
two. Letters and words in the narrow and wide focus conditions
were selected on the basis oftheir dissimilarity to all the letters ap
pearing in the target display. The letters appearing in the narrow
focus condition were D, C, G, J, and 0, and the words appearing in
the wide focus condition were DOG, TOp, PIT, KIT, and LOT.

Design
The design consisted of the between-subjects factor of group

(young adults, young-old adults, and old-old adults) and the within
subjects factors of flanker similarity (similar, dissimilar), atten
tional focus (narrow, wide), and response compatibility (congruent,
incongruent, neutral). The flanker similarity condition was blocked
and counterbalanced across participants, so that half of the experi
mental trials required a response to targets from the similar condi
tion (Y, V) and the other half required a response to targets from the
dissimilar condition (E, H). The attentional focus condition also
was blocked and counterbalanced across participants within each
flanker similarity condition. Following LaBerge and Brown (1989),
the focus conditions were blocked, rather than intermixed, in an at-
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tempt to facilitate a consistent spatial focus ofattention on the target
flanker arrays. Thus, there were four possible orders for presenta
tion ofthe similarity and focus conditions. Each ofthe similarity X
focus blocks contained 24 congruent trials, 24 incongruent trials,
and 24 neutral trials, for a total of 288 experimental trials. In the
congruent condition, flanker letters were identical to the central tar
get letter (i.e., similar, YYY, VVV; dissimilar, EEE, HHH). In the
incongruent condition, the flankers letters competed with the target
letter for response selection (i.e., similar, VYV; YVY; dissimilar,
HEH, EHE). In the neutral condition, flankers were not associated
with a response (Le., similar, ZYZ, ZVZ; dissimilar, SES, SHS).

Apparatus
The apparatus was the same as that in Experiment I.

Procedure
The participants were tested individually in a dimly lit room. First,

they were given practice in mapping the target letters ofthe currently
assigned similarity condition (i.e., E, H or Y, V) to their respective
response keys. This was done in the same manner as that in Experi
ment I. The experimenter then presented a minimum of 18 practice
trials composed of 3 trials in each of the two focus X three flanker
conditions. Some participants required additional practice and,
therefore, were presented with an additional 18 practice trials. On
each trial, the participant saw the following series of events centered
in the screen: (I) In the narrow focus condition, a fixation cross ap
peared, and in the wide focus condition, a fixation cross between
two black circles appeared (1,000 msec); (2) one of the five focus
letters was randomly selected and appeared in the narrow focus con
dition, or one ofthe five focus words was randomly selected and ap
peared in the wide focus condition (165 msec); (3) one of the six
possible target displays for the similar or the dissimilar condition
was randomly selected and appeared (240 msec); (4) a 1,760 msec
response period was given; and (5) an intertrial interval occurred
(750 msec). Thus, on each trial, the participant had 2,000 msec in
which to respond from the onset of the target display. Ifno response
was made, the next trial began. The participants received no feed
back regarding accuracy. The participants were instructed to focus
their attention on the fixation display, to covertly read the letter or
word presented in the focus display, and then to select the center let
ter in the target display and ignore the flankers. The participants
were instructed to respond as quickly and accurately as possible. Fol
lowing the practice trials for each assigned similarity X focus block,
the 72 experimental trials were administered.

Results
In the analysis of the response times, all the trials on

which the participant responded prior to target presenta-

tion or failed to respond within the time-out period were
eliminated (mean: young, .003; young-old, .006: old-old,
.008). In addition, all the trials on which an error oc
curred were eliminated. From the remaining correct ob
servations (young, .96; young-old, .97: old-old, .96), re
sponse latencies greater than three SDs from the overall
mean for each subject/condition were deleted as outliers.
This resulted in the loss of 1% ofthe observations for the
young adults, 0.9% for young-old adults, and 1.2% for
the old-old adults. The significance level for all the tests
was set !itp < .05, two-tailed.

Response Latency
Tables 3 and 4 show, for each group and condition, the

mean response latencies and the facilitation (congruent
minus neutral) and interference (incongruent minus neu
tral) effects, respectively. First, note that overall response
latencies increased as the mean age increased (young =
520 msec; young-old = 653 msec; old-old = 759 msec).
Second, response latencies are, in general, slower for the
similar flanker condition (666 msec) than for the dis
similar flanker condition (617 msec) and, iri general,
faster in the narrow focus condition (619 msec) than in
the wide focus condition (663 msec). Third, a similar fa
cilitation effect is present across the three age groups. In
contrast, the interference effect is larger for the dissimi
lar flanker condition than for the similar flanker condi
tion for the young and young-old adults. However, for
the old-old adults, although a similar pattern can be seen,
an interference effect is present for the dissimilar flanker
condition, but not for the similar flanker condition.

These observations were supported by an overall 3 X 2
X 2 X 3 mixed factor ANOVA,with age (young, young
old, old-old) as a between-subjects factor and similarity
(dissimilar, similar), focus (narrow, wide), and flanker
(congruent, incongruent, neutral) as within-subjects fac
tors. There were main effects of age [F(2,45) = 30.04,
MSe = 94,842, p < .0001], which indicated that re
sponse times increased with age, similarity [F(l,45) =
18.73, MSe = 18,471,p < .0001], which indicated that
overall response times in the similar flanker condition
were slower than those in the dissimilar flanker condi-

Table 3
Mean Choice Response Latencies (in Milliseconds) as a Function of Group, Flanker Similarity, Attentional Focus,

and Response Compatibility in Experiment 2

Dissimilar Similar

Narrow Wide Narrow Wide

C N C N C N C N

Young
M 474 485 523 505 508 550 504 520 539 528 539 559
SE 15 19 17 18 18 17 12 13 11 16 16 17

Young-old
M 570 580 615 658 682 714 638 645 676 674 681 707
SE 18 18 23 39 42 40 19 19 20 23 24 29

Old-old
M 688 683 715 707 718 772 759 791 778 825 835 834
SE 39 35 30 24 22 21 161 44 31 41 43 35

Note-C, congruent; N, neutral; I, incongruent.
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Table 4
Mean Choice Response Latency Differences for the Facilitation (Facil, Congruent
Minus Neutral) and Interference (lnterf, Incongruent Minus Neutral) Effects as a

Function of Group, Flanker Similarity, and Attentional Focus in Experiment 2

Dissimilar Similar

Narrow Wide Narrow Wide
-----

Facil Interf Facil Interf Facil Interf Facil Interf

Young
M -11 38 -2 42 -16 19 -11 20
SE 7 9 6 4 5 6 8 5

Young-old
M -II 35 -24 32 -7 30 -7 25
SE 7 8 7 9 8 8 8 10

Old-old
M 5 32 -10 54 -32 -13 -10 -0.72
SE 13 7 -II 9 -11 -19 -16 -II

tion, and focus [F(1,45) = 30.95, MSe = 9,370, p <
.0001], which indicated that overall response times were
slower in the wide focus condition than in the narrow fo
cus condition. There was also a reliable effect of flanker
[F(2,90) = 79.57, MSe = 886, p < .0001]. Student
Newman-Keu1s post hoc tests showed that response
times increased reliably from the congruent to the neu
tral condition and from the neutral to the incongruent
condition (p < .01, in both cases). The age X similarity
interaction was reliable [F(2,45) = 3.30, MSe = 18,471,
p < .046], which suggested that the magnitude ofthe dif
ference in overall response latencies between the dis
similar flanker condition and the similar flanker condi
tion was larger for the old-old adults than for either the
young or the young-old adults. However, a similar analy
sis revealed that this interaction was not reliable after ac
counting for differences in overall speed (i.e., dependent
variable = each condition mean/overall mean for each
participant) between the three groups [F(2,45) = 1.85,

MSe = 0.033, p = .17; Cerelia & Hale, 1994; Myerson
et aI., 1990; Spieler et al., 1996]. This suggests that the
slower response times of the old-old adults were inflat
ing the differences between conditions. The similarity X
flanker [F(2, 72) = 12.90, MSe = 704,p < .0001], and
age X similarity X flanker [F(4,72) = 3.51,MSe = 704,
p < .01], interactions were both reliable and will be ad
dressed further below within the context of examining
the facilitation and interference effects. None of the
other interactions involving group, similarity, focus, and
flanker were reliable (all ps > .12).

Facilitation effects. As a means ofaccounting for the
influence of overall speed, each participant's condition
mean was divided by his or her overall mean and entered
into a 3 X 2 X 2 X 2 mixed factor ANOVA with age as
a between-subjects factor (young, young-old, old-old)
and similarity (dissimilar, similar), focus (narrow, wide),
and flanker (congruent, neutral) as within-subjects fac
tors. The proportional scores for the dissimilar and sim-
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Figure 1. Mean proportional response latencies for the dissimilar condition as a func
tion of age and Danker compatibility in Experiment 2.
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Figure 2. Mean proportional response latencies for the similar condition as a function
of age and flanker compatibility in Experiment 2.

ilar condition are shown in Figures 1 and 2. The results
yielded only a main effect of flanker [F(l,45) = 21.86,
MSe = O.OOI,p < .0001], which showed that responses
were faster in the congruent than in the neutral condi
tion. None of the other interactions was reliable (allps >
.10). In sum, the analysis of flanker effects yielded reli
able effect scores that were similar in magnitude across
the three groups.

Interference effects. As above, proportional scores
were computed as a means for accounting for overall
speed differences between groups and entered into an
ANOVA identical to that described for the flanker facil
itation effect, with the exception that the flanker factor
contained scores for the incongruent and neutral condi
tions (see Figures 1 and 2). The results yielded a simi
larity X flanker interaction [F(l,45) = 24.70, MSe =
0.003,p < .0001], which showed that the magnitude of
the interference effect was reliably larger in the dissimi
lar (M = .064, SD = .005) than in the similar condition
(M = .026, SD = .006) and that there was a reliable age X

similarity X flanker interaction [F(2,45) = 3.98, MSe =

O.OOI,p < .025]. To examine this interaction for the dis
similar and similar conditions, two mixed factor ANOVAs
were calculated, with age as a between-subjects factor
(young, young-old, old-old) and similarity (dissimilar,
similar) and flanker (incongruent, neutral) as within
subjects factors. For the dissimilar flanker condition, there
was no reliable age X flanker interaction [F(2,45) =

2.27, MSe = 0.002,p = .12]. The estimated power to de
tect an age-related difference in the interference effect
was .57. In contrast, for the similar flanker condition, the
results yielded a reliable age X flanker interaction
[F(2,45) = 5.71, MSe = 0.002,p < .006]. The estimated
power to detect an age-related difference in the interfer
ence effect was.75. A post hoc Student-Newman-Keuls
test showed that the magnitude of the interference effect
(incongruent minus neutral) for the old-old adults was
reliably smaller than for either the young or the young
old adults (p < .05). None of the other interactions was
reliable (all ps > .15).

Table 5
Mean Percent Errors as a Function of Group, Flanker Similarity, Attentional Focus,

and Flanker Compatibility in Experiment 2

Dissimilar Similar

Narrow Wide Narrow Wide

C N C N C N C N

Young
M .027 .025 .044 .010 .022 .042 .034 .037 .061 .020 .044 .051
SE .009 .008 .012 .004 .008 .009 .014 .012 .016 .008 .013 .018

Young-old
M .028 .008 .033 .003 .022 .031 .031 .022 .014 .011 .025 .031
SE .009 .004 .017 .003 .009 .008 .009 .007 .007 .005 .011 .008

Old-old
M .023 .008 .021 .013 .016 .036 .044 .065 .042 .023 .057 .052
SE .008 .004 .008 .005 .007 .011 .010 .018 .010 .011 .015 .008

Note-s-C, Congruent; N, Neutral; I, Incongruent.
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Error Analyses
Table 5 shows the mean error rates for each group and

condition. First, the error rates are, in general, smaller
for the dissimilar flanker condition than for the similar
flanker condition across all conditions. Second, the error
rates increase across the congruent, neutral, and incongru
ent conditions. Third, a facilitation effect is consistently
present in the wide focus of attention condition, but not
in the narrow focus ofattention condition. Fourth, an in
terference effect is consistently present for the dissimi
lar flanker condition, but not for the similar flanker con
dition.

These observations were supported by an overall 3 X 2
X 2 X 3 mixed factor ANOVA, with age (young, young
old, old-old) as a between-subjects factor and similarity
(dissimilar, similar), focus (narrow, wide), and flanker
(congruent, incongruent, neutral) as within-subjects fac
tors. The results yielded main effects of similarity
[F(1,45) = 12.65, MSe = 0.002,p < .0009], which indi
cated that participants produced more errors in the sim
ilar than in the dissimilar flanker condition, and flanker
[F(2,90) = 8.27, MSe = O.OOI,p < .0005], which indi
cated that errors increased across the congruent, neutral,
and incongruent conditions. The age X similarity inter
action was also reliable, [F(2,45) = 3.62, MSe = 0.002,
p < .03]. Although fewer errors were produced overall in
the dissimilar than in the similar flanker condition, post
hoc testing revealed that the magnitude of this difference
was reliable for the old-old adults (p < .0008), but not
the young or young-old adults (ps > .05). The similarity
X flanker interaction [F(2,90) = 4.47, MSe = O.OOI,p<
.01], and the focus X flanker interaction [F(2,90) = 4.84,
MSe = 0.002, p < .01], were both reliable, but neither in
teracted with age (ps > .18). Neither ofthese interactions
was analyzed further, given the very small differences in
error rate between conditions. The reader should note that,
in general, the pattern is similar to that for the reaction
time data. None of the other interactions was reliable (all
ps>.I8).

Discussion
The results of Experiment 2 replicate those from the

narrow interletter distance condition of Experiment I.
As in to Experiment I, overall reaction times to the tar
gets in the similar condition were slower than those to
the targets in the dissimilar condition. This is consistent
with a greater confusability ofthe similar than ofthe dis
similar targets (Keren & Baggen, 1981) and a slower
availability of local than of global features (Smid et aI.,
1991). Moreover, although the old-old adults were reli
ably slower to respond to similar than to dissimilar tar
gets than either the young or the young-old adults in the
unsealed analysis, this difference did not reach signifi
cance after adjusting for scaling effects from age differ
ences in overall speed of processing (Cerelia & Hale,
1994). In contrast, the error data did reveal that the old
old adults produced more errors in the similar than in the

dissimilar condition, whereas this difference was unreli
able for either the young or the young-old adults. How
ever, these data must be interpreted with caution, be
cause an inspection of the error rate in the similar
condition was comparable for the young and the old-old
adults. Thus, the interaction resulted more from the fact
that the old-old adults produced relatively more errors in
the similar than in the dissimilar condition than did the
other two groups. To examine whether an age-related de
crease in visual acuity may have contributed to these re
sults, two simple regression analyses were calculated
across all participants, to examine whether the measure
of visual acuity predicted the percentage ofoverall error
for the dissimilar and similar targets. Results showed no
effect of visual acuity for either the dissimilar (df= 46,
r = - .14, p = .35) or the similar targets (df = 46, r =
.02, p = .88). Thus, age-related decrements in sensory
processing are not contributing to the pattern ofthe data.
Rather, the overall pattern of the results suggests that the
central perceptual processes underlying target identifi
cation may be compromised by advanced age.

The reaction time data showed that all three groups
produced reliable and similar-sized facilitation effects
that were uninfluenced by a narrow or a wide focus ofat
tention or by target similarity (B. A. Eriksen & C. W.
Eriksen, 1974; Flowers, 1990). With regard to the inter
ference effect, the reaction time results showed that the
magnitude was reliably larger for the dissimilar than for
the similar target response set for all three groups and
was uninfluenced by the manipulation of attentional
focus. As in to Experiment I, an inspection of Figures I
and 2 suggests that the decrease in the magnitude of the
interference effect as a function of increasing target sim
ilarity is due to an increase in response time to similar
targets in the neutral condition, rather than to a decrease
in the incongruent condition. These results replicate the
narrow interletter distance condition of Experiment I
with a modified stimulus set and establish the generality
of the finding. The results also revealed an age-related
decrement that varied as a function of target similarity.
That is, for the dissimilar target set, the results showed a
reliable interference effect that was of a similar magni
tude across all three groups, which replicates the major
ity of previous studies using unrelated target stimuli
(e.g., Faust et aI., 1995; Kramer et aI., 1994; Plude &
Hoyer, 1986). In contrast, for the similar target set, there
was an age-related reduction in the magnitude of the in
terference effect, but only for advanced age. An inspec
tion of Figure 2 shows that this reduction resulted from
a disproportionate increase in response times to the neu
tral targets, rather than from a decrease in response times
to incongruent targets. Here also, to examine whether an
age-related decrease in visual acuity may have con
tributed to these results, four simple regression analyses
were calculated across all participants, to examine
whether the measure of visual acuity predicted the mag
nitude ofthe interference effect for the four similarity X
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focus conditions. The results showed no effect of visual
acuity on the magnitude of the interference effect for ei
ther the dissimilar (narrow focus, df = 46, r = .02, P =
.91; wide focus, df= 46, r = .23,p = .11) or the simi
lar (narrow focus, df= 46, r = .04,p = .77; wide focus,
df = 46, r = - .009, P = .95) targets. These results sug
gest that the older adults processed the target-flanker ar
rays as efficiently as the young adults in the dissimilar
condition and provide evidence against the notion that
the diminished interference effect for the old-old adults
in the similar condition is due simply to a decrease in per
ceptual processing speed resulting from an age-related
decline in visual acuity (CerelIa, 1985; Wright & Elias,
1979). In sum, the interference data are consistent with
the notion that advanced age may impair the perceptual
availability of local, but not global, shape information.
However, consistent with previous studies, there is little
evidence in support of an age-related impairment in the
processes underlying response activation (Faust et aI.,
1995; Kramer et aI., 1994).

Finally, the results also revealed that the overall re
sponse latencies were shorter in the narrow focus condi
tion than in the wide focus condition (LaBerge & Brown,
1989). However, in contrast to LaBerge et al. (1991), the
manipulation of attentional focus had no influence on
the interference effects for any of the three groups. Al
though the reason for this discrepancy is unclear, their
task of requiring participants to identify a briefly pre
sented letter centered in a 17-letter array of similar let
ters prior to responding to a target display may have been
more effective than the present task in narrowing the
focus ofattention around the target. The reviewers raised
the question of whether the focus tasks may have pro
duced forward masking, with the letter task producing
less than the word task. However, this seems unlikely.
First, the probability of forward masking operating is
low for both the young and the older adults. Di Lollo
(1980, Experiment 4) has shown that the influence of a
forward mask on a 20-msec target decreases dramati
cally with mask durations longer than 100 msec. Both
Coyne (1981) and Schlapfer, Groner, Lavoyer, and Fisch
(1991) have shown that the critical interstimulus-interval
for older adults (65-80) to escape masking is approxi
mately 45 msec later than that for young adults (critical
lSI = 0) with a 100-msec mask and a 20-msec target.
Recall that, in the present task, the duration of the focus
letter/word was 165 msec, and the target display dura
tion was 240 msec. As such, any forward masking would
be minimal, even for the older adults, because of the
small residual visual persistence of the focus stimulus
and the long target display duration. Second, the results
suggest that the interference effect is not modulated by
target-flanker similarity, but rather by target similarity.
Thus, to the extent that masking was influencing the re
sponse times, it should be similar in both focus condi
tions. Yet there was a difference in overall response times
between the narrow and the wide focus conditions that
did not interact with age or the other factors. Although

inconclusive, the overall slowing ofresponse times in the
wide focus condition may be related to the time required
to change from a wide to a narrow focus of attention or
to the extra processing time required to read a word than
to read a single letter and then to switch to the target task.

GENERAL DISCUSSION

The present experiments yielded four main results.
First, Experiments 1 and 2 both produced reliable over
all facilitation effects in the response times that did not
interact reliably with the particular targets used or the in
terletter distance (see, e.g., Flowers, 1990). In addition,
consistent with previous distractor interference studies,
there was no effect of age (Faust et aI.; 1995; Spieler
et aI., 1996; Sullivan, Faust, & Balota, 1995). Second,
with regard to the interference effect, the response time
results from Experiment 1 produced a reliable inter
action between the similarity of the target response set
and the interletter distance. That is, the magnitude of the
effect was reliably smaller in the visually similar than in
the visually dissimilar condition, but only at a narrow in
terletter distance. At a wide interletter distance, there
was no difference between these two conditions. Exper
iment 2 replicated the finding ofa larger interference ef
fect for visually dissimilar than for visually similar tar
gets at a narrow interletter distance with a different
stimulus set. Third, the results of Experiment 2 also re
vealed an effect of advanced age. The old-old adults re
sponded more slowly and produced more errors overall
to the similar than to the dissimilar targets than did either
the young or the young-old adults. In addition, the re
sponse time data showed that, in the dissimilar flanker
condition, all three groups produced a reliable and similar
sized interference effect. However, for the similar flanker
condition, the old-old adults failed to produce a reliable
effect, whereas the magnitude of this effect was reliable
and ofa similar size in both the young and the young-old
adults. Finally, Experiment 2 showed that responses were
shorter in the narrow than in the wide focus-of-attention
condition but that this did not interact with age or any of
the other conditions. The following discussion focuses
on the main findings with regard to the interference effect.

Selective Attention in Young Adults
As was stated above, the literature provides support

for the notion that there are two sources of slowing or in
terference underlying the ability to select a target in the
presence of flankers. One source is associated with the
enhanced function ofa spatial filter that operates during
early perceptual processing to facilitate identification of
a target that occurs in the presence ofvisually similar (and
response neutral) flankers (LaBerge, 1995; LaBerge &
Brown, 1989), and the other is associated with a compe
tition for response activation (Coles et aI., 1985; B. A.
Eriksen & C. W Eriksen, 1974; C. W Eriksen & B. A.
Eriksen, 1979; Smid et aI., 1991). The first question ad
dressed by this study was whether these two sources
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functionally interact with each other. Two hypotheses
were proposed on the basis of the notion that increasing
target-flanker similarity would enhance spatial filtering
and slow target identification. One was that enhanced
spatial filtering of the target would allow the incongru
ent flanker more time to activate the competing response
(Ridderinkhof et aI., 1995). This would result in a larger
interference effect in the similar than in the dissimilar
condition. The other was that enhanced spatial filtering
would reduce the perceptual availability of the flanker
identity (LaBerge & Brown, 1989; LaBerge et aI., 1991)
or its response activation (Coles et al., 1992; Marteniuk
& MacKenzie, 1980). The results of Experiments 1 and
2 supported neither of these hypotheses.

Although responses were, overall, slower to similar
than to dissimilar targets, the first hypothesis can be re
jected, because the interference effect was smaller in the
similar than in the dissimilar condition when the inter
letter distance was narrow. However, it is important to
note that this hypothesis cannot be rejected completely,
because studies have shown that increasing or decreasing
the response activation of the flanker, relative to the tar
get, can modulate the magnitude of the interference ef
fect (e.g., C. W Eriksen & Schultz, 1979; Ridderinkhof
et al., 1995; Schwarz & Mecklinger, 1995). For exam
ple, Ridderinkhof et aI. (Experiment 3) varied the size of
the target (i.e., small/large), relative to a constant flanker
size, and found that response times were slower, but the
interference effect (incongruent minus neutral) was
larger for small than for large targets. Presumably, under
these conditions, large flankers produced a greater re
sponse activation, relative to the small target.

The second hypothesis can be rejected because the
decrease in the interference effect that was observed in
the similar condition is not consistent with an enhanced
spatial filtering that would cause a reduction in the com
peting response channel's activation. That is, in Experi
ment 1,at both the narrow and the wide interletter distance,
and in Experiment 2, response times were faster to tar
gets in the dissimilar neutral than in the similar neutral
condition, even though the flankers were equally unre
lated to the targets. In contrast, there was essentially no
difference in response times to targets in the similar and
dissimilar incongruent conditions, but only at the narrow
interletter distance. At the wide interletter distance, the
results from Experiment 1 showed that response times
were faster to dissimilar than to similar targets. The
faster response times to dissimilar than to similar targets
in the neutral condition can be attributed to a faster per
ceptual availability and selection of global versus local
feature information, as well as to a response competition
arising from the shared global feature of the similar tar
gets (Smid et aI., 1996; Smid et aI., 1991). However, the
results from the incongruent condition suggest that, in
the presence of strong response competition, this bene
fit is reduced. These results raise the question ofwhy the
relative magnitude of response competition modulates
the benefit of selection based on global shape informa-

tion? Although a priority assignment for selection based
on global or local features was not specifically manipu
lated by varying instructional set in the present experi
ments, the overall results are, at minimum, consistent
with the notion that global information was available and
selected earlier than local information. Moreover, both
the continuous flow model ofprocessing (c. W Eriksen
& Schultz, 1979) and the more recent asynchronous dis
crete coding model proposed by Miller (1982, 1988)
suggest that partial information can be used for a re
sponse prior to full stimulus identification. However,
neither of these models can account for the more recent
finding that the priority assignment of partial informa
tion during response selection appears to be under the
strategic control of a central executive mechanism (All
port, 1987; Coles et aI., 1991; Gratton, Coles, & Donchin,
1992; Smid et aI., 1996). That is, any relevant partial in
formation is not necessarily used to activate a response
as soon as it becomes available in perception. The results
from the incongruent condition ofExperiment 1 suggest
that, when competition is strong at the narrow interletter
distance and the probability of an error high, even
though the global shape information may have been
available, the participants may have strategically delayed
selection, to avoid responding in error. Indeed, analyses
ofconditional accuracy functions have shown that selec
tion errors increase disproportionately in incongruent
conditions as response time decreases (e.g., Coles et al.,
1985; Gratton et al., 1992). In contrast, at the wide in
terletter distance, where the response competition is re
duced, participants may have adopted a less conservative
response strategy that allowed their selection to benefit
from the earlier availability ofglobal shape information.

In sum, the fact that target-flanker similarity had lit
tle effect on the magnitude of the interference effect is
consistent with the more recent proposal that the spatial
filter may not perform a gate-gain function but, rather,
may only enhance the flow of information coming from
the target location when selection is difficult (LaBerge,
1995). The present results provide converging evidence
for this notion by suggesting that enhanced spatial fil
tering does not limit the flow of perceptual information
from the competing flanker to its corresponding re
sponse channel. Thus, it does not appear that the en
hanced operation of the spatial filter, at least as a result
of increasing target-flanker similarity, modulates the
magnitude of response competition, as was originally
proposed. Rather, the results suggest that the decrease in
the interference effect resulted from a functional inter
action between the perceptual availability of partial in
formation and the magnitude of response competition
(Coles et al., 1991; Gratton et aI., 1992; Smid et aI.,
1996).

Selective Attention in Aging
The results of Experiment 2 revealed no age-related

decline in the magnitude of the interference effect for the
dissimilar target response set. The lack of an interaction
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suggested that there is no age-related reduction in the
availability of global shape information or in the pro
cesses underlying response activation (Faust et aI., 1995;
Kramer et aI., 1994). In contrast, for the similar target
condition, the results showed a reliable decrease in the
interference effect for advanced age that resulted from
slower reaction times to targets in the neutral condition,
with little difference between groups in response times
to incongruent targets. On the one hand, the results from
the neutral condition are consistent with the notion that
advanced age may reduce the availability oflocal shape
information, as well as with studies suggesting that age
may produce a higher baseline of internal perceptual
noise that impairs the ability to discriminate between
similar letters (Allen et aI., 1993; Kreuger & Allen,
1987; Madden et aI., 1994; see, also, Allen et aI., 1994).
On the other hand, the old-old adults also may have
adopted a more conservative response selection criterion
for the similar target response set (Zeef et aI., 1996).
However, the similar response times of the three age
groups to the incongruent targets suggest that this may
not have occurred. Further research is currently under
way in an effort to obtain converging evidence in sup
port ofan age-related decrement in the perceptual avail
ability of local information and the strategic control of
priority assignment of response selection.
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NOTE

I. Note that both the benefit from the earlier availability of global
feature information and the slowing because of the activation of com
peting responses based on a shared global feature would be less likely
to influence the response times to dissimilar and similar targets in the
congruent condition, in which the flankers share the same identity.
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