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Notes and Comment
A source of error in attempts to distinguish
coactivation from separate activation in the

perception of redundant targets
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Psychologists periodically show an interest in the ques
tion of whether redundant targets or signals improve
detection or facilitate recognition. The experimental
paradigms occur in several forms. Stimulation can occur
across modalities, as in experiments designed to deter
mine whether we can see and hear at the same time (e.g.,
Bernstein, 1970). Latency or accuracy in detecting an au
ditory and a visual signal is determined when the signals
are presented separately and when the signals occur simul
taneously. The redundant signal effect can also be inves
tigated within a modality. In a choice reaction-time (RT)
experiment, the latency to discriminate A from B can be
determined on single-stimulus trials. Performance on the
single-stimulus trials can then be compared with perfor
mance on redundant trials in which two As or two Bs ap
pearin the visual field simultaneously. A redundancy gain
occurs if the stimulus presentation of AA or BB results
in a faster average latency than is obtained for the presen
tation of A or B. Although these questions seem relatively
simple, the outcomes have important theoretical implica
tions for issues ranging from serial versus parallel process
ing (Mullin, Egeth, & Mordkoff, 1988) to whether we
can focus attention simultaneously on two or more sepa
rated locations in the visual field.

Those unfamiliar with the literature in this area will be
surprised to learn that we still do not know whether it
would help if opportunity did knock twice. Various
models, with supporting data, have predicted poorer per
formance with redundancy (e.g., Bjork and Murray,
1977), separate activation (e.g., Van der Heijden,
Schreuder, Maris, & Neerincx, 1984), or coactivation
(e.g., Miller, 1982).

The older research on the question primarily used recog
nition accuracy as the dependent variable (e.g., Eriksen,
1966; Keeley & Doherty, 1971), but recent experiments
have favored response latency (e.g., Grice, Canham, &
Boroughs, 1984; Miller, 1982; Van der Heijden et al.,
1984). Quite typically these experiments find a redun
dancy gain; that is, mean latency is shorter with redun
dant targets than with single-target presentation. Separate
activation models that include independent channels as a
special case predict redundancy gains as a result of statisti
cal facilitation (Raab, 1962). Each activation has a ran-
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domly varying duration. When two or more activations
occur, there is a processing race between them. The aver
age duration of the winning process in the race is shorter
than the average duration of the separate processes.

Coactivation models also predict redundancy gains, but
here the gain is attributed to the pooling of the separate
inputs into a combined activation. It is to be noted that
with separate activation a redundant-target presentation
cannot have a latency shorter than the shortest latency for
single-target presentation, but with coactivation this limit
does not apply.

Miller (1982) proposed a general test to determine
whether the gain obtained with redundant stimuli can be
adequately accounted for by separate activation. The test
makes use of the cumulative probability density functions
(COFs) of the latencies obtained for the redundant tar
gets and for each of the single targets. With separate ac
tivation, response latency (t) to redundant targets is de
termined by the fastest of the individual processes. Thus

P(RT < at, and T1)

= P(RT < tiT I) + P(RT < tiT1)

- [P(RT < t1T1) and P(RT < tIT1»). (I)

This holds for all values of t, The left term of the expres
sion is the COF for the redundant-target trials and the first
two terms on the right are the COFs for the two kinds
of single-target trials. 1 The last term is the covariance be
tween the separate activations of the two simultaneously
presented targets. Miller pointed out that since the last
term in the equation is equal to or greater than zero, it
follows that with separate activation, for all values of t,

P(RT < at, and T1)

S P(RT < t1T1) + P(RT < tIT1) . (2)

Thus separate activation models require that the proba
bility of RTs smaller than some value of t obtained with
redundant targets cannot exceed the sum of the probabil
ities obtained with single-target presentations. Violation
of this inequality requires rejection of separate activation
models. On the other hand, coactivation, with the assumed
pooling of the activation produced by each target occur
rence, is consistent with violations, since the RTs to redun
dant targets can be faster than the fastest response to a
single target.

Miller pointed out that the inequality in Expression 2
can be violated only for relatively small values of t, for
as t increases, the left-hand term approaches 1 and the
right-hand term approaches 2. However, this does not
pose a serious limitation since it is precisely at small values
of t that coactivation models predict violations of the ine
quality.
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Miller employed this test in several experiments, and
interpreted his data as supporting coactivation (Miller,
1982). Van der Heijden et al. (1984), on the other hand,
employed Miller's test on the data of their experiments
and concluded in favor of separate activation. Grice et al.
(1984) interpreted their data as showing summation in as
sociative strength, but only when the single-target data
were obtained in the presence ofdistracting noise stimuli.

Unfortunately, the test proposed by Miller, although
mathematically simple and elegant, runs into potentially
serious problems when applied to empirically obtained
data. The nexus of the problem is that most RT tasks,
whether simple detection or choice, result in some propor
tion of error trials. With two-choice RT, the presence of
10% errors would suggest that approximately 10%of the
correct responses consisted of "correct errors," that is,
that fast guesses or error processes produced responses
that were correct by chance. When COFs for single-target
trials containing these "correct errors" are used to predict
the COFs for the redundant-target trials, the level of per
formance expected for separate activation and indepen
dence is apt to be seriously overestimated. This occurs
because the error trials are double weighted in predicting
the redundant-target data.

This can be seen most readily if we first examine the
redundant-target experiment in which accuracy is the de
pendent variable. Ifwe toss two coins and wish to deter
mine the probability of getting at least one head, the well
known formula

P(at least one head) = PI + Pz - PIPZ

is exact. But if the obtained probability of recognizing an
A presented to the left of the fixation point is .8, and the
obtained probability of recognizing an A presented to the
right of the fixation point is .7, the probability for recog
nizing at least one A when the stimulus consists of a simul
taneous presentation of an A in each position is not .94.
Unlike the response to the coin, which is either a head
or a tail, a correct response to the stimulus A can be due
to either of two identifiable processes or states: the sub
ject's (1) seeing the stimulus, or (2) making a lucky guess.

We can apply a correction for guessing to the single
stimulus trials. Ifthe a priori probability of a correct guess
is .5, a standard correction for guessing would be to as
sume that the proportion of correct guesses is equal to
the proportion of incorrect guesses (errors). The propor
tion of incorrect responses when the target is to the left
of fixation is .2. Thus the corrected value for the proba
bility when a single target is presented in this location is
.6. A single target presented to the right of fixation has
a corrected proportion of .4. In other words, we are say
ing that when the target is presented to the left of fixation
the subject recognizes the target 60 % of the time and
guesses on the remaining 40% of the trials, with half of
these guesses correct. If we use these corrected values
in the formula for independence, we have

.6 + .4 - (.6x.4) = .76.

By this logic we would say that with the redundant target
presentation and independent processing of the two
separate inputs, the subject should recognize one or both
of the stimuli on 76% ofthe trials. On the remaining 24%
of the trials the subject should fail to recognize either of
the inputs, and on these occasions he/she would guess.
With a .5 a priori probability of a correct guess, the
predicted percent correct trials with redundant targets
would be 88 %. This value is to be contrasted with the
predicted 94% accuracy when guessing is not taken into
account. Without the correction for guessing, one could
achieve performance at the level of independence but er
roneously conclude interaction between the two targets. 2

Failure to take guessing into account can lead to an ap
preciable overprediction of the level of performance ex
pected if redundant targets are processed like two indepen
dent opportunities.

The effect of errors can be seen quite clearly when ac
curacy is the dependent variable, but an analogous effect
occurs when response latency is the measure.! If the COFs
for single-target trials are used to generate the COF ex
pected with redundant stimuli under conditions of separate
activation and independence, the predicted COF can be
overestimated; how seriously overestimated will depend
upon the proportion of errors and whether the errors are
uniformly distributed over the range of obtained laten
cies. To take an extreme example, let us assume that a
subject makes 10% fast guesses. Let us further assume
that these guesses fall among the fastest 20 % of the ob
tained latencies. Thus when

P(RT < tIT I) = .20,

half of the trials constituting this area of the COF are er
ror trials. Thus we can rewrite the above expression as
follows:

P(RT<tITI)

= .1(true discriminations)+.1(correct guesses).

Assuming the COFs for TI and Tz are equal, the predicted
COF for redundant trials under independence is

P(RT<tITlandTz) = (.1+.1) + (.1+.1) -.04 = .36.

The fast-guess trials contribute twice to the predicted
COF, but fast guessing contributes only once to the em
pirically obtained COF. Ifwe correct for fast guesses the
expression becomes

P(RT<tITI+Tz) = (.1) + (.1) - .01 + .1 = .29.

As noted above, Miller's test is applicable only for
values of t in the lower end of the latency range, which
makes it especially susceptible to erroneous conclusions
in the presence of a significant number of fast-guess trials.
The test will overpredict the level ofperformance expected
under conditions of independence and thus is biased
against a finding for coactivation.

Fast guesses are not the only source of errors in RT
experiments. But whatever the sources oferrors may be,



there is evidence that errors are not uniformly distributed
throughout the range of latencies. When deadline proce
dures are used, latency operating characteristics (LOCs)
are generated (Lappin & Disch, 1972a, 1972b). These
demonstrate that accuracy is inversely related to latency,
which would place "correct errors" disproportionately
in the first half of RT distributions.

Link (1982) showed how failure to analyze error trials
can result in serious misinterpretation of differences in
mean latency. However, the procedures he suggested for
avoiding the pitfalls do not appear to be applicable to the
present problem. A.H.C. Van der Heijden (personal com
munication, February 1988) and Jeff Miller (personal
communication, February 1988) have each suggested the
following procedure for adjusting the CDFs for the
presence of correct guesses. The procedure follows the
same logic as employed in my correction for accuracy
data (Eriksen, 1966). The observed errors (incorrect
guesses) are used as an estimate of the correct guesses
and this estimate is subtracted from the proportion ofcor
rect responses, in the case of accuracy data, or from the
distribution of latencies, when RT is the dependent vari
able. In what Van der Heijden calls a "kill the twin"
procedure, a trial is subtracted from the RT distribution
ofcorrect responses whose latency equals or approximates
the latency of one of the error trials. Thus for each error
trial latency , a trial ofcorresponding latency is subtracted
from the CDF of latencies of correct responses. These
corrected single-stimulus CDFs can then be used to gener
ate the predicted CDF for redundant stimuli. It is to be
noted that the obtained CDF for redundant targets must
also be corrected for correct guesses or hidden errors in
order to compare it with the predicted function. The same
"kill the twin" procedure is used.

The above correction procedure may not be elegant,
but it is straightforward and will produce a more sensi
tive and less biased test of separate and coactivation
models. The assumptions involved are plausible and few.
The basic assumption is that overt errors arise from the
same sources as the hidden errors. Miller (personal com
munication, February 1988) further noted that the
legitimacy of the correction procedure is strengthened if
the percentage of error trials is essentially the same for
the single-target trials and for the redundant-target trials.

NOTES AND COMMENT 193

REFERENCES

BERNSTEIN. I. H. (1970). Can we see and hearal the same time? Acta
Psychologica, 33, 21-35.

BJORK, E. L., A MURRAY, J. T. (1977). On the nature of input chan
nels and visual processing. Psychological Review, 84, 472484.

ERIKSEN, C. W. (1966). Independence of successive inputs and uncor
related error in visual form perception. Journal ofExperimental Psy
chology, 72, 26-35.

GRICE, G. R., CANHAM, L., A BoROUGHS, J. M. (1984). Combination
rule for redundant information in reaction time tasks with divided at
tention. Perception &: Psychophysics, 35, 451-463.

KEELEY, S. M., A DoHERTY, M. E. (1971). A Bayesian prediction of
multiple-look identification performance from one-look <!ala: Theeffect
of unequal prior probabilities. Perception &: Psychophysics, 10,
119-122.

LAPPIN, J. S., A DISCH, K. (19728). The latency operating characteris
tic: I. Effects of stimulus probability on choice reaction time. Jour
nal of Experimental Psychology, 92, 419-427.

LAPPIN, J. S., .- DISCH, K. (1mb). The latency operating characteris
tic: D. Effects of visual stimulus intensity on choice reaction time.
Journal of Experimental Psychology, 93, 367-372.

LINK, S. W. (1982). Correcting response measures for guessing and
partial information. Psychological Bulletin, 92, 469-486.

MILLER, J. (1978). Multidimensional same-difference judgments: Evi
dence against independent comparison of dimension. Journal ofEx
perimental Psychology: Human Perception &: Performance, 4,
411-422.

MILLER, J. (1982). Divided attention: Evidence for coactivation with
redundant signals. Cognitive Psychology, 14, 247-279.

MULUN, P. A., EoETH,H. E.,.- MORDKOFF, J. T. (1988). Redundant
target detection and processing capacity: The problem of positional
preferences. Perception &: Psychophysics, 43, 607-{)1O.

RAAB, D. (1962). Statistical facilitation of simple reaction time. Trans
actions of the New York Academy of Sciences, 24, 574-590.

VAN DER HEtJDEN, A. H. C., ScHREUDER, R., MARIS, L., .
NEERlNCX, M. (1984). Some evidence for correlated separate acti
vation in a simple letter detection task. Perception &:Psychophysics,
36, 577-585.

NOTES

I. H the single targets do not differ in modality or on other varia
bles, such as position in the visual field, there is only one function for
single-target trials.

2. A two-state model of perceiving or guessing is oversimple. I have
presented elsewhere (Eriksen, 1966) a method for computing indepen
dence from accuracy data for single stimuli that allows for multi possi
ble states of the observer.

3. Miller (1978) made a brief note of this probl~m.
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