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Redundancy gains and coactivation with
two different, targets: The problem of target

preferences and the effects of display frequency

J. TOBY MORDKOFF and JEFF MILLER
University of California, San Diego, La Jolla, California

When a visual display contains two targets, both of which require the same response,reaction
times (RTs) are faster than when only one target appears. This effect has previously been ob-
tained regardless of whether the redundant targets are the same or different in shape, and in
at least one set of two-target experiments, the redundancy gains have been larger for different
targets (Grice & Reed, 1992). Experiments with two different targets have also revealed viola-
tions of the race-model inequality, suggesting that redundant targets coactivate the response
(Miller, 1982). The present paper reexamines both of these findings, because both appear to be
inconsistent with the interactive race model (Mordkoff & Yantis, 1991). Experiment 1 shows that
the race-model inequality is not violated when the experimental design is free of biased contin-
gencies; Experiment 1 also provides evidence that target preferences may artifactually produce
the RT advantage for different- over same-target trials. Experiment 2, however, shows that the
race-model inequality is violated when the frequencies of single- and redundant-target displays
are equated (without introducing any biased contingencies), implying that the interactive race
model cannot account for the results of experiments involving-more-than one~typeof target. Al-
ternative loci for coactivation are briefly discussed.

When people are given more than one reason to per-
form some behavioral act, they often perform it more
quickly (or are simply more likely to do it) than when
they are given only one reason. In the real world, rea-
sons are usually given sequentially, and it is easy to imag-
ine that their influence arises from serial processing. In
the laboratory, however, the same effects can be observed
when all of the reasons are given at once, and the data
suggest that people candivide their attention and process
multiple inputs in parallel. For example, when subjects
are required to press a button (i.e., make a go response)
ifpresented with one or more targets, and to do nothing
(no-go) if no targets appear, responses have been shown
to be faster (see, e.g., Gnice, Canham,& Boroughs, 1984;
Miller, 1982; Mordkoff & Yantis, 1991; van der Heij-
den, Schreuder, Mans, & Neerincx, 1984) and more
likely (see, e.g., Duncan, 1980; Shaw, 1982) when more
than one target appears in the display. This advantage for
trials with more than one target is usually called a redun-
dancygain, because any additional targets are redundant
with the first.

Theorists haveproposed two different classes of parallel-
processing model that can account for redundancy gains:
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separate activation (or race models), and coactivation.’
Separate-activation models posit that redundant targets are
processed separately and in parallel, with each of the tar-
gets racing to activate the response. These modelsexplain
redundancy gains in terms of statistical facilitation (Raab,
1962): If the time required for a target to trigger a re-
sponse varies stochastically across trials, the average fin-
ishing time for the faster of two parallel processes will
be shorter than the average finishing time for either pro-
cess alone.

In contrast, coactivationmodels posit that the informa-
tion supporting a response is somehow pooled across pro-
cessing channels prior to response execution. Thus, rather
than racing to trigger a response, redundant targets are
said to coactivate the response (Miller, 1982). Clearly,
the response will be triggered more quickly with two
sources of information contributing activation than with
only one, so this class of models can also explain the reac-
tion time (RT) advantage for redundant-target trials.

Because both separate-activation and coactivation
models can explain redundancy gains, mean RT cannot
be used to discriminate between these two classes of
models. However, Miller (1978, 1982) has shown that
models assuming separate activations must obey the fol-
lowing rule—known as the race-nwdel inequality—that
coactivation models need not obey. The inequality con-
cerns the entire distribution of RTs to single- and
redundant-target trials:

P(RT<tIT1&T2) P(RT<tjT~) + P(RT<tIT2),

(1)
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where t is the time since display onset and TL denotes that
a target was presented in location L. In effect, the race-
model inequality places an upper bound on the speed of
redundant-target responses throughout the entire distri-
bution of observed RTs (for further elaboration, see
Colonius, 1990; Diederich, 1992; Townsend & Nozawa,
1992; Ulrich & Giray, 1986). Early tests of separate-
activation models using the race-model inequality (e.g.,
Grice et al., 1984; Miller, 1982; van der Heijden et al.,
1984) produced somewhat equivocal results. Some exper-
iments revealed violations of the inequality, a result that
rules out the separate-activation model; in other experi-
ments, the inequality was satisfied.

Mordkoffand Yantis (1991) noted that violations of the
race-model inequality have only been observed whenbi-
ased interstimulus or nontarget-response contingencies
were included within the experimental design (cf. the no-
tion of internal constraint; Garner, 1962). A biased inter-
stimulus contingency exists when the presence of a certain
distractor predicts the absence of a certain target (rela-
tive to the prediction made by another target); a biased
nontarget-response contingency exists when the presence
of a distractor predicts that no response should be made
(relative to the baseline probability; see Mordkoff& Yan-
tis, 1991, for quantitative details). For example, if the
overall probability that a response should be made is .5,
but the probability that a response should be made given
that the nontarget letter I is present is only .25, then the
design includes a nontarget-response contingency bias
against single-target trials that involve the nontarget I. An
analysis of the contingencies within the designs of previ-
ously reported redundant-target experiments, as well as
the results from several new experiments in which the two
types of contingency were systematically manipulated,
suggested that biased contingencies are a necessary con-
dition for violations of the race-model inequality to be
observed.

These observations led Mordkoffand Yantis (1991) to
propose the interactive race model. The model retains the
central idea from the separate-activation model—that of
a race between target signals—but discards the assump-
tion that the channels are independent. According to the
model, each target represents a separate opportunity for
a go response to be triggered, but mechanisms sensitive
to contingencies within the experimental design may also
provide simultaneous input to either stimulus identifica-
tion or response selection. When no biased contingencies
are presentwithin the experimental design, the interactive
race model predicts that the race-model inequality will
always be satisfied; the model also predicts no violations
when contingencies are biased against redundant-target
trials. These predictions have been confirmed by several
experiments (e.g., Miller, 1982, Experiment 5; Mordkoff
& Yantis, 1991, Experiments 1 and 4; van der Heijden
et al., 1984). The model also allows for violations of the
race-model inequality when the experimental design con-
tains contingencies that are biased to favor redundant-
target trials, and these havealso beenobserved inempirical

work (e.g., Miller, 1982, Experiments 4 and 5; Mord-
koff & Yantis, 1991, Experiments 2, 3, and 5).

In summary: when subjects are required to make a go
response when presented with one or more of a specific
visual target, and to withhold their response when no tar-
gets appear, the data indicate that redundant targets are
processed in parallel. Most of the data are also consistent
with the view that each target instance is processed
independently—as shown by satisfaction of the race-model
inequality and other tests (see Mordkoff & Yantis,
1991)—but this holds only when the experimental design
includes no biased contingencies. Ifbiased contingencies
are introduced, then target identification and/or response
activation appear to become interdependent, and viola-
tions of the race-model inequality may be observed.

Overview. Most of the previous research concerning
redundancy gains has examinedperformance on relatively
simple, visual tasks. In particular, most studies have in-
volved only one type of target (e.g., the letter X). An open
question, therefore, is whether the interactive race model
also applies to more complex tasks involving more than
one type of target. The presentexperiments were designed
to address this question. The specific question we ask is
whether—in multitarget tasks—violations of the race-
model inequality are only found when contingencies are
biased in favor of redundant-target trials.

EXPERIMENT 1

Grice and Reed (1992) have recently reported a pair
of target-detection experiments involving more than one
type of target; thus, their results are quite relevant to the
present concerns. In their first experiment, the two dif-
ferent targets—both mapped onto the same go response—
were the upper- and lowercase forms of a single letter
(e.g., A and a). In their second experiment, the two tar-
gets were completely different letters (e.g., A and D). The
design used for both experiments included a contingency
bias in favor of redundant-target trials. In particular, by
Equations 4 and 6 of Mordkoffand Yantis (1991, pp. 523—
524), there was an interstimulus-contingency benefit of
+ .083, while the nontarget-response contingency bene-
fit was zero.

The use of two different types of target allowed Grice
and Reed (1992) to perform two tests of the race-model
inequality: one using the redundant-target RTs from trials
with two identical targets (hereafter, the same-target con-
dition), and another using the RTs from trials with two
different targets (the different-target condition). Signifi-
cant violations of the race-model inequality were observed
in bothcomparisons. These results are consistent with the
interactive race model, because the experimental design
included a bias in favor of redundant-target trials. The
finding of violations in the test involving the different-
target condition is particularly interesting, because it sug-
gests that targetscan interact (via interchannel crosstalk)
evenwhen they havedifferent names andlor shapes. How-
ever, it must be noted that these data do not provide strong
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evidence in favor of the interactive race model, because
violations of the race-model inequality are also consis-
tent with coactivation. In order to conclude more firmly
in favor of the interactive race model, it is necessary to
show that violations disappear when the design is free of
biased contingencies. Our primary purpose in Experiment 1
was to conduct this crucial test; therefore, we used an
unbiased design.

A secondary purpose of Experiment I was to reexamine
an aspect of Grice and Reed’s (1992) data that is difficult
to reconcile with the interactive race model: the consis-
tent RT advantage for redundant-target displays with two
different targets over displays with two identical targets
(hereafter, the different-target advantage). This finding
contradicts all current models of divided attention. If
redundant targets are processed separately (as under race
models), it should not matter whether the two targets are
the same or different. Similarly, according to coactiva-
tion models, all evidence concerning the presence of at
least one target is pooled, and it would seem likely that
the activations from identical targets could be combined
at least as easily as those from different targets (Fournier
& Eriksen, 1990; Miller, 1991). Finally, the different-
target advantage cannot be explained by the interactive
race model, because the contingencies were equal for the
same- and different-target conditions in the experiments
done by Once and Reed.

If the different-target advantage truly reflects faster pro-
cessing of different targets than of same targets, then it
will require some explanation before the interactive race
model can be generalized to two-target tasks. However,
such an explanation may not be needed, because the ad-
vantage could arise as an artifact of target preferences
within certain types of spatially parallel processing
models. Assume for the moment that each of the subjects
in a two-target experiment has a preference for one of
the two targets, such that it can be identified as a target
more rapidly than the other, nonpreferred target. On
different-target trials there will always be one preferred
target (as well as one nonpreferred target); in contrast,
half of the same-target trials will only involve the non-
preferred target. Thus, half of the same-targetRTs should
be slower than the different-target RTs. This could cause
an artifactual different-target advantage—one not due to
any real advantage for trials with different targets, but
due instead to target preferences.

This may be demonstrated more formally for the class
of models in which processing is a spatially parallel and
self-terminating race, so that response time on a redundant-
target trial is the minimum of the times needed to detect
each of the two targets (plus an independent, additive com-
ponent reflecting extraneous perceptual and motor laten-
cies, which we shall here ignore). Let T1 and T2 be ran-
dom variables representing the times needed to detect
Targets 1 and 2 within a given channel, respectively (we
shall here omit location superscripts and assume no fa-
vored positions—that is, T1 has the same distribution in
the upper and lower channels). On different-target trials,
response time is

RTDT = mm (T1, T2),

and on same-target trials, response time is

RTST {mmn (T1, T1), with P = .5,
= mm (T2, T2), with P = .5

(2)

(3)

(assuming equal numbers of same-target trials with each
of the two possible targets). If the two target-detection
latencies on a given redundant-target trial are stochasti-
cally independent, then

and

P(RTDT<t) = 1 — [P(T1 t)xP(T2 t)J

— [l—P(T1 t)2] + [l—P(T2 t)2j
P(RTST<t) —

Therefore,

P(RTDT<t) — P(RTST<t)

2

= [P(T1 t)—P(T2 t)]2
0. (4)

2

Thus, as long as the two targets are detected at different
rates [i.e., P(TI <t) * P(T2 <t) for some :1, the cumula-
tive distribution function for RTDT will dominate that for
RTST, causing a different-target advantage in mean RT.
Clearly one scenario that will produce this effect is when
subjects preferone target overanother [e.g., P(TI <t) >‘

P(T2<t) for all ti.2

To counteract the possible effects of target preferences,
we used a method of analysis that was originally devel-
oped to counteract the analogous effects of positional or
dimensional preferences (see Biederman & Checkosky,
1970; Miller & Lopes, 1988; Mullin, Egeth, & Mordkoff,
1988). Specifically, we checked each subject’s same-target
data for evidence of a target preference (details below).
This was done for each subject separately. If no evidence
of a preference was found, we used the mean of all same-
target RTs as that subject’s same-target mean RT (as did
Grice & Reed, 1992). If evidence of a preference was
found, however, we used the average of the RTs from
the same-target trials involving two preferred targets as
that subject’s same-target mean RT. If the different-target
advantage in the overall means represents some real ben-
efit of having two different targets within the display—
one that extends beyond target preferences—we should
still observe an advantage in using this conservative com-
parison. In contrast, if the different-target advantage is
due to the existence of target preferences, it should not
be present when the analysis corrects for this artifact.

Method
Subjects. Twenty undergraduate students at the University of

California, San Diego, participated to partially fulfill an introduc-
tory course requirement. All subjects reported normal or corrected-
to-normal visual acuity.

Apparatus and Stimuli. The stimuli were presented on NEC
Multisync color monitors controlled by VGA graphics adapters.
The subjects responded by pressing a button on a custom response
box with the dominant index finger.
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Each display included two white letters on a black background,
one above and one below fixation. Each subject was given a dif-
ferent mapping of five randomly selected consonants as Target 1,
Target 2, the distractor, and the two noise letters. (We here define
a distractor as a nontarget that may appear in the same display as
a target, and a noise letter as a nontarget that never appears with
a target.) From a viewing distance of 45 cm, each letter subtended
1.40°xO.89°visual angle and the display locations were each 1.53°
from fixation. The fixation cross was 0.64°x0.64°

Design. Each block included approximately 55 trials: 48 testing
trials, plus 5 random warm-up trials and a random recovery trial
after each error. Half of all trials included at least one target and
required a response; the other half included no targets and required
that the subject not respond. In each block of 48 testing trials, 16
trials included only one target (4 with each target in each location),
4 included both targets, and 4 included two identical targets; the
remaining 24 trials included neither target (of which exactly 4 in-
cluded two identical letters). The entire design, in terms of trial
frequencies, is given in Table 1.

The design included no biased contingencies: The presence of
a target in one location provided the same information concerning
the identity of the letter in the opposite location as did the presence
of the distractor. Also, the probability that a response was required,
given the presence of the distractor, was the same as the overall
probability of a response. Finally, the probability that a response
should be made was the same for trials with identical and non-
identical letters.

Procedure. Each subject participated in a single session lasting
about 50 mm. After a short (20-trial) practice block during which
the subjects were given RT and accuracy feedback on each trial,
there were 12 blocks of testing trials. Unknown by the subjects,
the first 2 full blocks were also considered practice. Data from all
warm-up and recovery trials (i.e., the first five trials in a block
and the trials immediately following each error) were also excluded
from the analysis.

Each trial began with the presentation of a fixation cross at the
center of the screen for 750 msec. After a 100-msec blank inter-
val, the stimulus appeared. As soon as a response was made, whether
correct or a false alarm, the stimulus was removed. If no response
had been made by 1,000 msec, the test display was removed and
the trial was considered a no-go or a “miss” error. The intertrial
interval was 2,200 msec. A 700-Hz tone sounded for 200 msec
following all false-alarm and miss errors. After the short series of
practice trials, RT feedback was only displayed during an enforced
7-sec break at the end of a block.

Data analysis. Three separate analyses were initially conducted.
The first concerned redundancy gains in overall meanRT. This anal-
ysis tested whether responses to redundant-target displays were sig-
nificantly faster than those to single-target displays by comparing
(within subjects) the mean RT on redundant-target trials to the mean
RT on single-target trials. Separate analyses were conducted for
the same- and different-target conditions.

The second analysis also examined redundancy gains, but used
the modified form of the conservative test (Biederman & Check-
osky, 1970), as suggested by Miller and Lopes (1988). This test

corrects for positional preferences. Both redundancy gain analyses
were preceded by an analysis ofvariance (ANOVA) involving prac-
tice (two levels: Blocks 3-7, and Blocks 8—12) and condition (three
levels: single target, same targets, and different targets); if a sig-
nificant interaction was observed, separatetests for redundancy gains
were conducted using the data from Blocks 3-7 and Blocks 8-12.~

The third analysis checked for violations of the race-model ine-
quality (for details on the method, see Mordkoff & Yantis, 1991).
Again, separate tests were conducted for the same- and different-
target conditions. The data were first corrected for fast guesses by
using the “twin-killing” method (Eriksen, 1988; Miller & Lopes,
1991). For all of these tests, the cumulative distribution functions
(CDFs) were evaluated at the Sth—95th percentiles at 5% intervals.
To reduce the influence of practice effects on the shape of the final
CDFs, separate CDFs were made using the data from Blocks 3-7
and Blocks 8—12, and separate tests of the race-model inequality
were conducted. To produce graphical representations, the mean
values of RT were calculated across subjects at each quantile (i.e.,
the CDFs were Vincentized).

Results
Initial analyses. The mean RTs from Experiment 1 ap-

pear in Table 2. The ANOVA examining practice (Blocks
3-7 vs. 8-12) and target condition (single, same, differ-
ent) revealed a significant main effect of practice
[F(1,l9) = 4.42, p < .05] and a significant interaction
between practice and target condition [F(2 ,38) = 5.05,
p < .025]. Therefore, separate redundancy-gain tests
were conducted for Blocks 3-7 and Blocks 8-12. Signif-
icant redundancy gains were observed in all comparisons
using the overall means [Blocks 3-7, t(l9) = 6.67 and
8.42 for same and different targets, respectively; Blocks
8-12, t(19) = 4.01 and 11.88 for same and differenttar-
gets, respectively; all ps < .001]. Nine of the 20 sub-
jects showed a positional preference (at p < .10; see
Miller & Lopes, 1988). Correcting for this lowered the
estimates of the single-target means (see Table 2), but the
redundancy gains were all still significant (allps < .005
or better). In the redundant-target RTs, we observed an
insignificant different-target advantage during Blocks 3-7
[t(19) = l.IO,p > .10]. However, during Blocks 8-12,
different-target trials were responded to about 11 msec
faster than same-target trials [t(19) = 2.88, p < .005].

The tests using the race-model inequality revealed no
violations (see Figure 1). At no quantile was the sum of
the single-target CDFs below the CDF for the same- or
different-target condition; this was true for Blocks 3-7 and
Blocks 8-12.

Analysis of target preferences. In order to determine
whether a given subject exhibited a target preference, we

Table 1

Display Frequencies (Per Block of 48 Trials), Experiment 1

Upper Location

Lower Location Target 1 Target 2 Distractor Noise 1 Noise 2

Targeti
Target2
Distractor

2
2
4

2
2
4

4
4
0

0
0
4

0
0
4

Noisel 0 0 4 2 2
Noise2 0 0 4 2 2
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Table 2

Mean Reaction Times (in Milliseconds), Experiment I

Condition Blocks 3-7 Blocks 8-12

Single target, overall 411.5 392.7
Single target, conservative* 407.0 388.0
Same targets, overall 377.8 374.4
Same targets, conservativet 370.5 366.7
Different targets 373.9 363.8
*Corrected for favored positions. tCorrected for preferred targets.

performed a t test comparing the RTs from all trials with
one or two of the first target against all trials with one
or two of the second target. If a subject showed a prefer-
ence (at p < .10), the faster same-target mean was re-
tained; if the subject did not exhibit a preference, the mean
of all same-target trials was used for that subject.
Twelve of the 20 subjects exhibited a target preference;

across all 20 subjects, the mean difference between same
preferred targets (i.e., same-target trials with two of the
preferred target) and same nonpreferred targets was
15 msec for both Blocks 3-7 [t(l9) = 3.15, p < .0051
and Blocks 8-12 [t(l9) = 2.57, p < .011. Similar ad-
vantages for the preferred target were also observed on

Experiment 1

Blocks 3—7

300 325 350 375 400 425 450 475 500 525

Blocks 8—12 ~-~-~---~

.7.//

~

//.

Sum, single targets

redundant targets

~Z~r~ets

300 325 350 375 400 425 450 475 500 525

Time since stimulus onset (ms)

Figure 1. Cumulative distribution functions (CDFs) for Blocks 3-7
(upper panel) and Blocks 8-12 (lower panel), Experiment 1. (In each
panel, the solid line represents the sum ofthe two single-target CDFs.
The broken lines represent the redundant-target CDFs, with a dashed
line forthe same-target condition, and a dotted line for the different-
target condition. There are no violations of the race-model inequal-
ity in any comparison.)

the single-target trials (see Table 2). Most importantly,
for Blocks 8-12 (wherein a different-target advantage was
observed in the overall means), the mean RT for same
preferred targets was nearly the same as that for different
targets [t(l9) = 0.73]. Thus, there is no evidence of a
different-target advantage when target preferences are
taken into account.

Accuracy. Overall, the subjects were very accurate,
making fewer than 0.2% miss errors and 1.8% false
alarms. The miss errors were equally distributed among
the various single- and redundant-target trials.

Discussion
The race-model inequality was everywhere satisfied in

this experiment. This result was predicted by the inter-
active race model, because the design included no biased
contingencies. Thesedata contrast with those of Grice and
Reed (1992); in their experiments, which had a design
that included a contingency bias favoring redundant-target
trials, significant violations of the race-model inequality
were observed. Taken together, therefore, these experi-
ments support the view that biased contingencies are nec-
essary for violations of the race-model inequality. This
pattern of results supports the interactive race model.

The present experiment also revealed a significant
different-target advantage (i.e., faster responses for
different-target trials when compared with all same-target
trials), albeit only during Blocks 8-12. However, at least
in our data, this advantage appears to be an artifact of
target preferences: RTs in the different-target condition
were not significantly faster than those in the same-
preferred-target condition. From this we infer that no spe-
cial interpretive weight should rest on the different-target
advantage. Because over half of our subjects showed a
preference for one target over the other, it is plausible
that target preferences also had an effect on the data pre-
sented by Grice and Reed (l992).~

Summarizingour findings to this point: the results from
experiments involving two types of target appear to be
very similar to those from one-target tasks. Both sets of
data are consistent with the interactive race model, in that
violations of the race-model inequality have only been ob-
served under experimental designs that include biased con-
tingencies (e.g., Grice & Reed, 1992; Mordkoff&Yantis,
1991, Experiments 2, 3, and 5), whereas the race-model
inequality has always been satisfied under designs that are
free of biased contingencies (e.g., the present Experi-
ment 1; Mordkoff& Yantis, 1991, Experiments 1 and 4).
The one difference is that the data from two-target ex-
periments may be affected by target-preference artifacts,
something that is impossible when there is only one type
of target.

EXPERIMENT 2

Before concluding that the interactive race model ap-
plies to two-target tasks, as it does to one-target tasks,
it is necessary to consider the effects of display frequency.
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Table 3

Display Frequencies (Per Block of 48 Trials), Experiment 2

Upper Location
Lower Location Target I Target 2 Distractor 1 Distractor2 Noise I Noise 2

Targetl 2 2 2 2 0 0
Target2 2 2 2 2 0 0
Distractor 1 2 2 0 0 2 2
Distractor 2 2 2 0 0 2 2
Noisel 0 0 2 2 2 2
Noise2 0 0 2 2 2 2

Inspection of the design used in Experiment 1 (Table 1)
reveals that the four single-target displays occurredtwice
as often as the four redundant-target displays. Many pre-
vious studies have yielded faster responses to more fre-
quent displays, both when displays vary in the frequency
of a relevant stimulus (e.g., Miller & Pachella, 1973) and
when they vary in the frequency of an irrelevant attrib-
ute of a relevant stimulus (Miller, Schäffer, & Hackley,
1991). In the detection task of Experiment 1, therefore,
it was quite possible that response speedwas also affected
by display frequency, and that this effect may have con-
taminated the tests of the race-model inequality.

It is clear that the usual display-frequency effect—that
is, faster responses to more frequent displays—wouldhave
worked against violations of the race-model inequality in
Experiment 1. The inequality is tested by comparing the
RTs from single-target trials to the RTs from redundant-
target trials, and it is violated when redundant-target RTs
are too fast. Because redundant-target displays were less
frequent than single-targetdisplays in Experiment 1, a fre-
quency effect would have made it difficult for redundant-
target RTs to be fast enough (relative to single-target RTs)
to produce violations. Thus, the effects of display fre-
quency may have concealed evidence of coactivation. In
Experiment 2, we tested for violations of the race-model
inequality with display frequency equated across single-
and redundant-target trials.

Method
The stimuli, equipment, and procedure from Experiment 1 were

again employed. The only change from Experiment 1 occurred in
the experimental design (compare Tables 1 and 3); under the de-
sign for Experiment 2, all displays appeared at the same frequency.
In order to equate display frequency, while still avoiding biased
contingencies, it was necessary to use two different types of dis-
tractor (i.e., there were two types of nontarget that could appear
in the same display as a target). As in Experiment 1, there were
two types of target and two types of noise. Twenty new subjects
participated.

Results
The mean RTs from Experiment 2 appear in Table 4.

The preliminary ANOVA again revealed a significant ef-
fect of practice [F(1,19) = 19.85, p < .001], but no
interaction between practice and target condition
[F(2,38) = 1.57 , p > .10]. Therefore, the data from
Blocks 3-7 and Blocks 8-12 were combined for the tests
for redundancy gains (but not in Table 4). Both types of
redundant-target trial showed an RT advantage over single-

target trials [t(l9) = 9.76 and 9.81 for same and differ-
ent targets, respectively; both ps < .0011. Thirteen of
the 20 subjects showed a positional preference, but the
conservative tests also revealed significant redundancy
gains [t(19) = 6.45 and 7.15 for same and different
targets; both ps < .001]. Experiment 2 exhibited no
different-target advantage [t(19) = 0.43]. After adjust-
ing for the 11 subjects who showed a target preference
(see Table 4), there was an insignificant advantage for
the same-target condition [t(l9) = 0.831.

The tests using the race-model inequality revealed sig-
nificant evidence of coactivation (see Figure 2). For
Blocks 3-7, the same-target data violated the race-model
inequality from the 5th to the 40th percentiles (although
none were significant), while the different-target data vio-
lated the equality at the Sth-30th percentiles, with those
at the 5th- 15th percentiles being significant (all ps < .025
or better). For Blocks 8—12, the same-target condition
showed violations at the 5th-50th percentiles, with those
at the 5th-25th percentiles being significant (all ps < .05
or better). There was an insignificant violation at the 5th
percentile for the different-target condition for Blocks 8-12.

The subjects were again very accurate; the mean miss
rate was 0.2% and the false-alarm rate was 2.5 %.

Discussion
The results from Experiment 2 are clearly inconsistent

with both separate activations and the interactive race
model, because violations of the race-model inequality
were observed under an experimental design that included
no biased contingencies. Thus, it appears that true coac-
tivation is possible, at least in two-target tasks. Whencon-
sidered beside those from Experiment 1, these data also
provide evidence that display frequency has an effectwhen
subjects must search for two different targets. Experi-
ment 1 included a display-frequency bias against redundant-
target trials and satisfied the race-model inequality.
Experiment 2 did not include such a bias and showed sig-

Table 4

Mean Reaction Times (in Milliseconds), Experiment 2

Condition Blocks 3-7 Blocks 8-12

Single target, overall 393.0 378.2
Single target, conservative* 386.6 369.9
Same targets, overall 360.0 349.3
Same targets, conservativet 357.0 341.9
Different targets 357.7 348.4
*Conected for favored positions. tCorrected for preferred targets.
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Figure 2. Cumulative distribution functions (CDFs) for Blocks 3-7
(upper panel)and Blocks 8-12 (lower panel), Experiment 2. (In each
panel, the solid line represents the sum of the two single-target CDFs.
The broken lines represent the redundant-target CDFs, with a dashed
line for thesame-target condition, and a dotted line for the different-
target condition. The race-model inequality is often violated in the
upper panel; there are violations for the same-target condition in
the lower panel.)

nificant violations. In summary, these data suggest that
when all known forms of bias are removed from the de-
sign of a two-target task (i.e., when there are no biased
contingenciesand when single- and redundant-target dis-
plays occur with equal frequencies), coactivation occurs
on redundant-target trials.

At this point, two alternatives to our focus on display
frequency need to be mentioned. First, one could focus
instead on the frequencies at which each letter appeared
at each location (cf. Miller, 1988; see also Reicher,
Snyder, & Richards, 1976). Fromthis view, one would
be interested in the marginal sums within Tables 1 and
2, as opposed to the cell values. Such an analysis would
yield a very similar interpretation of the present results:
Under the design used for Experiment 2, all letters ap-
peared at each location at the same frequency, whereas
in Experiment 1, the distractor appeared twice as often
at each location than did either of the targets. As in the
display-frequency analysis that we favor, this would im-
ply some advantage for single-target trials inExperiment 1
(which could conceal any evidence of coactivation),
whereas Experiment 2 lacked such a bias.

Second, one could interpret the differences between Ex-
periments I and 2 in terms of the number of different dis-
tractors. Because our two designs differed with respect
to the number ofdistractors as well as relative frequency
of single-target displays, it is logically possible that the
former, rather than the latter, was responsible for viola-
tions of the race-model inequality observed in Experi-
ment 2. The individual and joint contributions of these
two factors should be teased apart in future research, but
for our main conclusion, the distinction is moot: Coacti-
vation can be observed in a two-target task with unbiased
contingencies, so the interactive race model cannot be
generalized to apply to this situation.

Finally, we note that the results from Experiment 2 also
imply that the different-target advantage is not as robust
as might be inferred from Experiment 1 or the study by
Once and Reed (1992). Only the results from Blocks 8-12
of Experiment 1 showed an advantage for the different-
target condition in the overall means, and the subjects in
both of our experiments exhibited evidence of having a
preferred target. Most importantly, in neither of our ex-
periments did we observe a different-target advantage that
could not be explained as being due to a target-preferences
artifact.

GENERAL DISCUSSION

In the present study, we have explored several related
issues concerning divided attention and the parallel pro-
cessing of visual information. First, for the analysis of
two-target data, we have adapted the notion of favored
positions (Biederman & Checkosky, 1970; Miller &
Lopes, 1988; Mullin et al., 1988) so that it can be ap-
plied to target preferences. This allowed us to test for one
artifactual cause of the different-target advantage. In Ex-
periment 1, we replicated the different-target advantage
in the overall means, but also found that it was due to
targetpreferences; inExperiment 2, we found no different-
target advantage. From these findings, we conclude that
the different-target advantage is not a real effect, so it need
not be explained and does not present a problem for the
interactive race model.

Second, our results suggest that relative display fre-
quency can have an important effect on divided-attention
performance, although some of the effect may be carried
by the number of different distractors. Under the design
used for Experiment 1, each single-target display ap-
peared twice as often as did each redundant-target dis-
play, and the results satisfied the race-model inequality.
Under the design used for Experiment 2, single- and
redundant-target displays appeared at the same frequency
and the data violated the race-model inequality. Thisentire
pattern of results suggests that including a display-
frequency bias in favor of single-target trials may con-
ceal evidence of coactivation. More generally, these data
are consistent with the view that display frequency has
similar effects on target detection and on memory search
(e.g., Miller & Hardzinski, 1981).

Blocks 3—7

Blocks 8—12

Sum, single targets

redundant targets

same—targets

different—targets
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Most importantly, the present research has placed a con-
straint upon the interactive race model: namely, although
the model accounts well for the performance of one-target
tasks and provides an explanation for the effects of de-
sign contingencies, the model cannot account for all forms
of divided attention. In particular, the model fails to ex-
plain the evidence of coactivation obtained in many two-
target tasks. Besides the present Experiment 2, Mordkoff
and Yantis (1993, Experiments 1-3) have observed vio-
lations of the race-model inequality (under an unbiased
experimental design) in a target-detection task that re-
quired attention to be divided between the separable di-
mensions of color and shape. From this it was concluded
that redundant color and shape targets can coactivate (for
a similar conclusion based on a different task, seeKubovy
& Cohen, 1991). Previously, Miller had provided evi-
dence of coactivation in same-different tasks (1978) and
bimodal target detection (1991), both of which involved
at least two different stimulus dimensions and, therefore,
more than one type of target.

The results from Experiment 2 may also provide some
insight concerning the locus of coactivation. In general,
two possible loci have been considered (see Fournier &
Eriksen, 1990; Once & Reed, 1992; Miller, 1982): one
within perceptual processes, and one within postpercep-
tual processes (i.e. at decision or motor-related stages).
Perceptual coactivation involves the combining of infor-
mation that concerns the presence of a specific target;
postperceptual coactivationallows any activation in favor
of a given response to be combined. Previous results have
provided support for both of these loci. On the one hand,
Miller (1991) observed larger redundancy gains when the
two different targets were semantically related (e.g., a
high-frequency tone and a light in the upper half of the
display) than when the targets were incompatible (e.g.,
a high-frequency tone and a light in the lower half of the
display). These data support a perceptual locus, because
the results depended on the semantic relationship between
the two targets (see also Fournier & Eriksen, 1990). Gi-
ray and Ulrich (1993), on the other hand, observed more
forceful responses to redundant targets, which suggests
a postperceptual locus.

In the present Experiment 2, violations were observed
for both the same- and different-target conditions during
Blocks 3-7, but only the same-target condition showed
violations during Blocks 8-12. In other words, the data
from early blocks support a postperceptual locus, whereas
the data from later blocks support a perceptual locus.
Thus, our results suggest that practice with a task may
alter the (active) locus of coactivation. Whensubjects have
had little experience making responses to either or both
of two different targets, coactivation may occur within
postperceptual processes (and maybe within perceptual
processes, as well). However, as subjects become more
efficient at performing the task—possibly by learning to
activate (go) responses based on weaker input to motor-
related stages—only a perceptual locus for coactivation

remains detectable. One explanation of the practice effect,
then, is that response activation becomes a “hairtrigger,”
so that postperceptual coactivation becomes irrelevant.
This would explain why only the same-target condition—
which always would allow for perceptual coactivation—
violates the race-model inequality during the late blocks
of a testing session.

The multiple-locus coactivation model considered above
is clearly incomplete, however, because it fails to explain
why one-target tasks—which also include same-target
trials—never show violations of the race-model inequal-
ity in the absence of biased contingencies. In general, the
results from one-target tasks have consistently favored the
interactive race model, whereas those from two-target
tasks have often revealedevidence of coactivation. Taken
at face value, this pattern of results appears somewhat
counterintuitive; it would seem much more likely that in-
puts would be combined (i.e., allowed to coactivate)when
there is only one type of target. Thus, a clear aim of fu-
ture research is to identify the crucial distinctions between
one-and two-target tasks that are responsible for this dif-
ference in the manner of parallel processing.
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NOTES

I. Serial models have also been considered, but these models are ruled
out by studies in which the number ofdisplay items, as well as the number
oftargets, has been varied. For example, van der Heijden (1975) com-
pared the reaction times (RT5) from trials with one target alone in the
display with the RTs from trials with two or three targets. Serial models
predict no redundancy gain for this situation, because the first letter to
be processed would be a target in every case, yet a redundancy gain
was observed (see also, Grice & Canham, 1990; Mordkoff & Yantis,
1991; van der Heijden et al., 1984).

2. Target preferences can also produce an artifactual different-target
advantage under an interactive race model or a coactivation model. The
interactive race model differs from the independent race model in al-
lowing the speed of the racers to be influenced by interstimulus contin-
gencies. but Equation 4 still holds because the RT on a redundant-target
trial is determinedby the winner ofa race. The variety of mathematical
forms available for coactivation models prevents us from proving that
an artifactual different-target advantage arises under every member of
this class, but simulations reveal that it does occur within at least some
plausible examples (e.g., Mordkoff, 1992; Schwarz, 1989).

3. We originally analyzed the present data in a manner similar to that
of Grice and Reed (1992), by combining the CDFs from Blocks 3-7
and Blocks 8-12 before conducting tests of the race-model inequality.
More recent results from experiments involving two different targets,
in which stable results were only observed after some practice, led us
to the present analysis.

4. It should be noted that our conservative test for a different-target
advantage only corrects for a fixed preferred target (cf. fixed favored
positions; Miller & Lopes, 1988). Our test does not correct for any arti-
facts due to a preference that changes between trials, nor is such a test
currently available (see Mullin et al., 1988). In addition, our test fails
to counteract differences in single-target distributions other than those
that would alter mean RT (cf. Equation 4). Thus, there may still be a
processing advantage for same-preferred-target trials over different-target
trials, despite our inability to observe it. (We thanka reviewerfor rais-
ing this issue.)
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