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Temporal dynamics of associative interference
and facilitation produced by visual context

G. ROBERT GRICE, JOSEPH M. BOROUGHS, and LYN CANHAM
University of New Mexico, Albuquerque, New Mexico

Temporal dynamics of associative interference and facilitation have been investigated in a re
action time (RT) task in which a target letter is flanked by noise letters. When response
incompatible noise letters precede the target by stimulus onset asynchronies (SOAs) from 0 to
250 msec, associative interference, indicated by average RT, increases to a maximum at 50 and
100 msec and decreases substantially at 250 msec. Noise letters identical to the target do not
produce facilitation with 0 SOA but do so when they precede the target by as little as 50 msec.
Maximum facilitation is obtained with 100- and 250- msec SOAs. Temporal dynamics within the
trial were inferred from scaling analyses of the RT distributions. The time course of associative
interference is nonmonotonic, with the maximum occurring earlier as SOA increases. This con
firms a prediction of continuous growth strength theory. Facilitation is primarily a short-latency
effect, beginning earlier as SOA increases. At 0 SOA, there is evidence that an identical noise
letter produces distraction as compared with a no-noise condition.

There are two approaches to the investigation of the
temporal dynamics of interference and facilitative effects
in reaction time (RT) experiments in which a target is ac
companied by other stimuli in a visual display. The most
common of these is to investigate mean RT with manipu
lation of the stimulus onset asynchrony (SOA) temporally
separating the target and accompanying stimuli. This
method has been used by Taylor (1977), C. W. Eriksen
and Schultz (1979), and Flowers and Wilcox (1982). In
the other approach, use is made of information provided
by the entire RT distribution in an effort to make infer
ences about the dynamics of processes operating within
the trial. Grice, Canham, and Schafer (1982a) applied the
scaling methods of variable criterion theory to the cumula
tive distribution and obtained functions describing the
growth of associative strength following stimulus onset.
Their work was confined to 0 SOA. It should be under
stood that the two approaches investigate different aspects
of temporal dynamics and should not be regarded as al
ternative ways of obtaining the same information. The
present research uses the procedures in combination to
obtain both kinds of information simultaneously. In other
words, the question is raised as to how variations of SOA
affect the temporal dynamics of information processing
during a trial.

Specifically, the present research is concerned with
choice reaction-time (CRT), letter-identification experi
ments in which a central target letter is flanked, horizon
tally and symmetrically, by noise letters. Fixation is
directed to the central target, and subjects are instructed
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to ignore the flanking letters. B. A. Eriksen and C. W.
Eriksen (1974) discovered that ifthe noise letters in this
situation were response-incompatible with the target, RT
was slowed relative to conditions with response
compatibleor irrelevant noise letters. Their work was with
simultaneousonset of target and noise. C. W. Eriksen and
Shultz (1979) found that the compatibility effect increased
to a maximum when noise letters preceded the target by
lOO-msec SOA and then decreased to very little at
250 msec. Their research was not designed to determine
interference and facilitative effects separately, but their
general pattern of results suggests that interference was
predominant. In a more complicated experiment designed
to investigate additional variables, Flowers and Wilcox
(1982) obtained quite similar results, but did produce evi
dence of facilitation by noise letters identical to the tar
get when noise preceded the target. Our research is limited
to identity for response-compatible noise, and other
manipulations of the response-compatible condition are
not considered here.

In five experiments with simultaneous onset of target
and noise letters, Grice. et al. (1982a) examined three
noise conditions: noise identical to the target, noise as an
irrelevant letter, and noise response-incompatiblewith the
target. In each experiment, they found the irrelevant
noise-condition RTs to be significantly slower than those
for identical noise, and incompatible-noise RTs to be sig
nificantly slower than those for irrelevant noise. The
difference between identical and irrelevant noise was
termed perceptual interference and is attributed to a dis
traction effect produced by the irrelevant noise letters.
Although a similar difference was attributed by Taylor
(1977) to facilitation by identical noise, the interference
interpretation is preferred because there is consistent evi
dence that, when compared with an appropriate no-noise
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where a, m, and k are empirical constants and t is the
time, in milliseconds, following stimulusonset. This func
tion was interpreted as describing the growth of associa
tive strength (A) leading to response evocation. In terms
of the theory, the more complete statement is

where A(t) is the value of Equation 1 at time t, and C
and a are the mean and standard deviation of the normal,
criterion distribution. When the function has been esti
mated directly from a set of data, the values of C and a
are 0 and 1. The growth function for irrelevant noise was
identical in form to that for identical noise except for a
small subtractive constant. Thus, the distraction or per
ceptual interference effect did not affect the shape of the
growth function, but reduced it by a constant through
out. It may be noted from Equation 2 that the model is
not capable of distinguishing between a criterion effect
and a purely perceptual one if the effect is simply addi
tive. Generally, when stimuli are presented in an unpredic
table order, as these conditions were, all should be based
on the same criterion distribution. Of course, it could be

control condition, identical noise does not produce facili
tation (B. A. Eriksen & C. W. Eriksen, 1974; C. W.
Eriksen & B. A. Eriksen, 1979; C. W. Eriksen &
Schultz, 1979). The difference between irrelevant and in
compatible noise was attributedto associativeinterference.
Irrelevant noise is the appropriate control condition for
measuring the associative interference produced by
response-incompatible noise. Both conditions involve
noise letters different from the target, and thus produce
the distraction effect. The additional slowing for incom
patible noise is the specific interference produced by
response-incompatibility. In experiments manipulating the
SOA, the only research including this comparison is that
of Taylor (1977). However, his procedures differed in
other ways from the research considered here.

Grice et al. (1982a) also used the scaling procedures
of variable criterion theory to investigate the temporal dy
namics of these processes during a trial. According to this
view, the excitatory or associative strength leading to
response evocation grows as a continuous, orderly func
tion of the time following stimulus onset. When this grow
ing strength reaches a criterion level, the response is
evoked. The time of evocation varies from trial to trial,
because the criterion is assumed to be a normally dis
tributed random variable. This model makes it possible
to obtain accurate estimates of the form of the growth
functions by applying Thurstonean scaling procedures to
the data of cumulative RT distributions.'

When the measurement model was applied to the data,
it was determined that the growth of excitatory strength
(E) for the identical noise condition was a simple nega
tively accelerated function that was described by an ex
ponential growth function of the form.

E(t) = a-me-kt,

E(t) = [A(t)-C]/a,

(1)

(2)

argued that the very short latency effect of nonidentical
noise is a rapid elevation of the criterion. Although this
is possible, it was not suggested by the authors.

The growth function for incompatible noise was of
different form. The time-course of associative interfer
ence (AI) was determined from the difference between
this function and that for irrelevant noise. The resulting
function for AI was nonmonotonic. Associative interfer
ence was near zero at the shortest latencies, increased to
a maximum between 400 and 500 msec, and then gradu
ally decreased to near zero at long latencies above
700 msec. The function was described by an equation
based on the derivative of the Gompertz growth function.
A hypothesis to account for this function concerned er
ror tendencies produced by incompatible noise letters. As
such tendencies near criterion, they may be inhibited.
However, the inhibition process also delays correct
responses approaching criterion at about the same time.
The declining phase of inhibition was interpreted as a
recovery period, during which responses delayed earlier
then occur. During this phase, growth is more rapid for
incompatible noise than for the control condition, irrele
vant noise. Grice, Canham, and Schafer (1982b) reported
one kind of evidence tending to support this interpreta
tion. In disjunctive reaction time (DRT) experiments, sub
jects were instructed to respond to one target but not the
other. In this situation, associative interference was not
obtained, suggesting the necessity of an active, compet
ing response. Although this evidence is not regarded as
conclusive, it is true that if the competing response is not
responding, there is nothing to inhibit.

The nonmonotonic time course of associative interfer
ence naturally raises the question as to whether there are
experimental variables that might influence the time of
maximum interference. The SOA is an obvious possibil
ity for which continuous growth theory makes a specific
prediction. If the noise stimuli precede the target by an
SOA greater than zero, then priming of the competing
response should begin earlier, and the growth of error
tendencies should occur sooner. According to the above
reasoning, this implies that maximum interference should
occur earlier, when noise precedes the target. Within
limits, at least, the maximum should occur progressively
earlier as SOA is increased. It should be noted that this
is not a prediction shared by theories conceiving of in
formationprocessing as a sequenceof discrete stages. The
relation between the portion of an RT distribution primar
ily affected and a change in any particular stage is a com
plex matter (McGill & Gibbon, 1965), and there are not
stage theories presently in existence capable of making
a prediction about the relationship. This research tests the
predictionof continuous growth theory, but not a differen
tial prediction with respect to stage theory. In view of the
basic similarity of the continuous flow conception of
C. W. Eriksen and Schultz (1979), we believe that the
prediction follows from that view as well.

The research here consists of two experiments, each
consisting of four subexperiments. The subexperiments
in each experiment consist of separate groups of subjects,
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and employ a different SOA by which noise letters pre
cede the target. These values are 0, 50, 100, and
250 msec. Each subexperiment includes four noise con
ditions: noise letter identical to the target, noise letter ir
relevant, noise letter response-incompatible with the tar
get, and a condition with no noise letter. The two full
experiments differ only in the nature of the condition with
no noise letter.

One variable affecting the compatibility effect in this
situation is the horizontal spacing between target and noise
(B. A. Eriksen & C. W. Eriksen, 1974). The spacing used
here is .5°. This spacing was used by C. W. Eriksen and
Schultz (1979) because it is sufficient to avoid contour
interference and still produces a substantial compatibil
ity effect. It was also used by Grice et al. (1982a).

EXPERIMENT 1

If interference or facilitation effects of identical noise
letters are to be evaluated, an appropriate control condi
tion is necessary. With simultaneous onset of target and
noise it seems clear that the best comparison is with a sim
ple no-noise condition. The status of this condition with
nonzero SOAs is less clear. Since only the target letter
is presented, no SOA is involved. In nonzero SOA con
ditions, this means a mixture of trials with and without
noise preceding the target. This suggests the possibility
of differentialpreparation on trials with and without noise.
The question is an empirical one and of some interest in
its own right. The decision was to include the simple no
noise condition in all SOA conditions in the initial
experiment.

(0 SOA) and noise preceding the target by 50, 100, and 250 msec.
On noise trials, the fixation point went off when the noise letters
appeared. On no-noise trials, it went off when the target appeared.
All letters went off and the fixationpoint reappeared when the subject
responded.

One second before each trial there was an auditory warning sig
nal, a .5-sec 10oo-Hz tone of 70 db, presented by earphones. The
subjects were instructed then to look at the fixation point and get
ready to respond. They were instructed to respond to the target as
quickly as possible while avoiding errors. They were also instructed
to ignore the letters flanking the target. On trials with errors, the
word ERROR appeared on the screen and a 70-dB noise sounded
in the earphones for .5 sec. The interval between trials was 4 sec.
Each kind of noise occurred equally often, as did each target with
each noise type. The order of conditions and targets was irregular.

The experiment began with 50 practice trials followed by a short
rest. At this time, any questions were answered and any necessary
reinstruction given. This was followed by 250 trials without inter
ruption. The first 10 of these were treated as warm-up and as fur
ther practice. Data were based on the final 240 trials, 60 with each
noise condition.

Results and Discussion
Means of the subject median RTs for correct responses,

for each noise condition in each of the four SOA groups,
are presented in the upper portion of Figure 1. Means
presented essentially the same pattern, but between-subject
variability was somewhat less for the medians. Error rates
were low. For the four noise conditions, none, identical,
irrelevant, and incompatible, the mean rates were .008,
.009, .013, and .038, respectively.

At °SOA, the identical, irrelevant, and incompatible
noise conditions replicated the findings of Grice et al.
(1982a). The associative interference effect based on the
difference between incompatible and irrelevant noise was

Figure 1. Means of subjects' median reaction times in milliseconds
in Experiments 1 and 2 for each noise letter condition at each SOA.
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Method
Subjects. The subjects were 112 undergraduate women from

courses in introductory psychology. They received course credit
for participation. There were 28 subjects in each of the four
subexperiments.

Apparatus and Procedure. The experimental situation was as
described by Grice et al. (1982a). The experiment was controlled
and data collected by a TRS-80 Model I microcomputer equipped
with a millisecond clock and interface circuitry. Letter stimuli were
the regular double-width letters produced by the computer and were
formed in a 5 x 7 dot matrix on a video monitor. At the viewing
distance used, the letters were approximately .53 0 high and .43 0

wide. A plus sign appeared in the center of the screen at all times
except when letters were present. The target letter appeared .45 0

directly above the fixation point. Stimulus presentation and timing
were synchronized with the vertical scan of the screen, and SOAs
were timed by counting the pulse controlling the vertical scan (Grice,
1981). Responses were made by pressing, with the left or right index
finger, one of two telegraph keys on a table before the subject. RTs
were recorded in milliseconds.

The target letters were A and H. Half of the subjects responded
to A with the left key and H with the right key. The other half of
the subjects had the reverse arrangement. On noise trials, the same
letter appeared on both sides of the target at a distance of .5 0

• In
each of the four SOA conditions, there were four noise conditions:
Target alone, noise same as target, noise an irrelevant letter (K),
and noise the letter mapped on the other response (response incom
patible). The SOA conditions were administered to separate groups
of subjects. These conditions were target and noise simultaneous
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significant [t(27) = 7.648, p < .001]. The difference be
tween identical and irrelevant noise, referred to as per
ceptual interference in the previous article, was also sig
nificant [t(27) = 6.190, p < .001]. The no-noise
condition was included here to provide a control for evalu
ating facilitation or interference effects of identical noise.
The results show that the effect was clearly interference.
The no-noise condition was 19 msec faster than identical
noise condition, and the difference is significant [t(27) =

6.311, P < .001]. This result is quite consistent over sub
jects. Only 4 of the 28 subjects were faster with identical
than with no noise, and these only by an average of
5 msec. The finding of a clear interference or distraction
effect of identical noise is a little surprising, since the typi
cal finding has been that RTs with no noise and identical
noise were about the same (B. A. Eriksen & C. W. Erik
sen, 1974, 1979; C. W. Eriksen & Schultz 1979).
However, this experiment is not a replication of any of
the previous ones. Also, each data point here is based on
a substantially larger number of observations than in any
of the previous research. In spite of evidence for an in
hibitory effect of identical flankers, the data do not sup
port the feature-specific inhibition hypothesis of Bjork and
Murray (1977). That view would predict irrelevant noise
RT to be faster than identical noise RT. Consistent with
previous findings at 0 SOA, the obtained difference was
significant in the opposite direction.

Associative interference, inferred from the difference
between incompatible and irrelevant noise, is present at
all SOAs. For this comparison, the primary effect of noise
type is significant [F(1,108) = 220.26, p < .001].
However, the interaction of noise type with SOA is also
significant [F(3,108) = 12.43, P < .001]. This reflects,
primarily, the substantially reduced size of the effect at
250-msec SOA. The finding is in accord with that of
C. W. Eriksen and Schultz (1979), as well as that of Flow
ers and Wilcox (1982).

The most striking feature of the total pattern of the data
is the increase of RT for the no-noise condition with in
creasing SOAs, while RTs for the other condition show
decreasing trends. The best interpretation of this pattern
is in terms of a criterion of preparedness effect. At non
zero SOAs, noise letters preceded the target on three
fourths of the trials. If the noise letters play some role
as a warning or alerting signal, then there should be less
preparedness on those trials when the target appears alone
at the time of the noise letters. This leads to the predic
tion that preparedness for the target with no noise should
be best in the 0 SOA group and worst in the 250 SOA
group. A comparison of these two conditions supports the
prediction [t(54) = 1.756, P < .05, one-tailed test]. In
a comparison of the no-noise and irrelevant-noise condi
tions, the interaction of noise type with SOA is signifi
cant [F(3,108) = 74.04, P < .001]. Differential pre
paredness as a function of SOA appears to be the most
likely basis for this strong interaction.

Another interesting feature of the data is the compari
son of the identical and no-noise conditions at 0 and 50
SOA. Although identical noise is slower at 0 SOA, the

relation is reversed at 50 msec. This interaction is sig
nificant [F(I,54) = 50.21, P < .001], and is a surpris
ingly strong effect for only a 50-msec manipulation. Un
fortunately, it is impossible to determine how much of
the reversal is due to criterion elevation for no noise or
facilitation by the identical flankers. The consistent
decrease with SOA of RT for identical noise suggests a
facilitation effect. However, it is clear that the present
no-noise condition provides an adequate comparison only
with simultaneous onset of target and flankers.

EXPERIMENT 2

To provide an adequate control condition for the evalu
ation of facilitation, it is necessary to present some stimu
lus with the same SOA as the noise letters. This neutral
stimulus should be unobtrusive and not resemble a letter.
What we have done in Experiment 2 for the condition
without noise letters is to enclose the target in parentheses,
appearing in the same location as the noise letters and with
the same SOA with respect to the target. Otherwise, Ex
periment 2 is a replication of Experiment 1.

Method
Subjects. The subjects were 96 undergraduate women from the

same population as above. There were 24 in each of the four sub
experiments.

Procedure. Except for the condition without noise letters, proce
dures were identical to those of Experiment I. In this condition,
a left parenthesis appeared in the location occupied by the left noise
letter and a right parenthesis in the position of the right noise letter.
In each of the four groups, onset of the parentheses preceded the
target by the same SOA as the noise letters.

Results
As in Experiment 1, error rates were low. For the four

noise conditions, none, identical, irrelevant and incom
patible, the mean rates were .008, .007, .013, and .028-;
The means of subject median RTs for correct responses
are presented in the lower portion of Figure 1.

The most obvious difference in the pattern of the two
experiments is that the no-letter-noise condition with
parentheses does not increase with SOA. Rather, it re
mains consistently below the irrelevant noise condition.
At 0 SOA, the no-noise condition is about equal to iden
tical noise rather than faster. This differs significantly
from Experiment 1. In comparing the two experiments,
the noise type X experiments interaction is significant
[F(1,50) = 18.08, P < .001]. This suggests that the
parentheses produce a small distraction effect, approxi
mately equal to that of an identical noise letter. Also with
oSOA, the difference in the two no-noise conditions did
not affect the relation between the remaining three noise
conditions. In comparing identical, irrelevant, and incom
patible noise across experiments, the primary effect of
experiments was not significant [F(1,5) < 1]. Also, the
interaction of experiments and noise conditions was not
significant [F(2,100) < 1]. The effect of noise condition
was significant [F(2,100) = 130.76, P < .001].

The distraction effect of an irrelevant noise letter is in-
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terpreted as the difference between the irrelevant and no
letter-noise conditions. Recognizing that the parentheses
may have a small distraction effect, this should be inter
preted as the additional effect of an irrelevant letter. The
effect is plotted as a function of SOA in Figure 2. Across
SOAs, the primary effect is significant [F(l,92) = 30.89,
p < .001]. The difference is greatest with simultaneous
onset and least at 250 SOA. However, the interaction with
SOA is of only borderline significance [F(3,92) = 2.58,
.05 < p < .10]. There is some evidence that the differ
ence between 0 and 250 SOA is real since 20 of 24 sub
jects were faster to no noise at 0 SOA but only 12 of 24
at 250 SOA. This difference in proportion is significant
[x2 (l ) = 4.95, P < .05]. In comparing this relation be
tween experiments, the three-way interaction of noise X

SOA X experiments is significant [F(3,200) = 40.10,
p < .001]. This supports the hypothesis that, in Experi
ment 1, the no noise condition led to decreasing prepara
tion with increasing SOAs.

Associative interference is indicated by the difference
between irrelevant and incompatible noise. This effect is
also plotted as a function of SOA in Figure 2. The effect
is significant [F(l,92) = 134.81, P < .001]. Also, it in
creases to a maximum at 50 and 100 SOA and then de
creases to a small amount at 250 SOA. The interaction
of noise X SOA is significant [F(3,92) = 10.75,
P < .001]. These results replicate those of Experiment 1,
and generally agree with previous findings, although this
particular comparison was not made by C. W. Eriksen
and Schultz (1979) or by Flowers and Wilcox (1982). In
an analysis of these two conditions in Experiments 1 and
2, none of the comparisons involving experiments were
significant. The results of these tests were as follows: ex
periments, F(l,200) < 1; experiments x SOA, F(3,200)

1.00, n.s.; noise x experiments, F(I,200) = 1.23,

n.s.; noise x SOA x experiments, F(3,200) < 1. In the
combined analysis for the effect of noise, F(I,200)
336.52, p < .001; and for noise x SOA, F(3,200) =
21.69, P < .001.

In Experiment 1, because of the problem of decreas
ing preparation, the no-noise condition provided an ap
propriate comparison with identical noise only at 0 SOA.
The use of the parentheses in Experiment 2 eliminated
this problem, and the no-letter-noise condition provides
a basis for examining interference or facilitation effects .
The difference between no noise and identical noise as
a function of SOA is included in Figure 2. At 0 SOA,
the difference is only 2 msec and neither effect is indi
cated. Beyond that, the effect is clearly facilitative. Facili
tation increases rapidly to a maximum at 100 msec and
is about the same at 250 msec. The primary effect of noise
condition is significant [F(I,92) = 119.16, p < .001],
as is the interaction of noise and SOA [F(3,92) = 17.33,
P < .001]. An SOA of only 50 msec produces facilita
tion of about 24 msec compared with none of 0 SOA. In
a comparison of these two SOAs, the noise x SOA in
teraction is significant [F(l,46) = 26.20, P < .001].

TEMPORAL DYNAMICS WITHIN SOAs

Functions for the growth of excitatory strength were
determined by the scaling procedures of variable criterion
theory as in the research of Grice et al. (1982a). The data
analyzed were the average, group distributions with cu
mulative proportions averaged at 20-msec intervals. The
first step was to correct all distributions for errors by ap
plication of the race model of Grice, Spiker, and
Nullmeyer (1979). This yields cumulative distribution
functions that are invariant with respect to error rate.
However, since error rates were low, they differ little in
form from the uncorrected distributions.

Associative Interference
Analysis of the effects of associative interference was

based on the data of Experiments 1 and 2 jointly. The
statisticalanalysis indicatedthat this effect was comparable
in the two experiments, and it was desired that these func
tions be determined as precisely as possible. The first step
was to transform the distributions for irrelevant and in
compatible noise to scale values of excitatory strength.
The four growth functions of Experiment 1 for irrelevant
noise were fitted with exponential growth functions of the
form of Equation 1. The fits were excellent. The func
tions for both noise conditions were then converted to the
common scale of Experiment 2. This was done by linear
response evocation characteristics (RECs) relating irrele
vant noise for Experiment 2 to the fitted function, and the
two obtained functions for incompatible noise to each
other. That these relations were linear indicated that the
functions were of the same form in the two experiments,
and differed only by the parameters of the criterion dis
tribution estimated by the linear relations. 2.

25010050o-IOL-o*---;t,~-----.~------~

o
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Figure 2. Facilitation, associative interference, and distraction ef
fects in millisecondsfor Experiment 2, based on the data of Figure 1.
Facilitation = no-noise-letter RT - identical noise letter RT. As
sociative interference = incompatible noise letter RT - irrelevant
noise letter RT. Distraction = irrelevant noise letter RT - no noise
letter RT.
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LATENCY (MSEC)

Figure 3. Calculated functions describing the time course of as
sociative interference for each SOA. Scale units are those of
Experiment 2.

The time course of associative interference is given by
the differences between the functions for the growth of
excitatory strength for irrelevant and incompatible noise.
The function for incompatible noise was obtained by aver
aging the obtained functions for Experiments 1 and 2 on
the scale of Experiment 2. These values were then sub
tracted from the calculated function for irrelevant noise,
on the same scale. Estimates were obtained at 20-msec
intervals. The results were four orderly nonmonotonic
functions with differing maxima for the four SOAs. All
of them could be accurately described by the same kind
of function used by Grice et al. (1982a). This was an equa
tion based on the derivative of the Gompertz growth func
tion. It was written for finite 20-msec intervals rather than
as a differential equation. These fitted functions, which
accurately describe the data, are presented in Figure 3.
For 0 SOA, the maximum is at 453 msec, and the func
tion essentially duplicates that obtained in the previous
research. The maxima of the functions for the other SOAs
are as follows: 50 SOA, 373 msec; 100 SOA, 361 msec;
and 250 SOA, 301 msec. This confirms the prediction of
continuous growth theory that maximum interference
should occur progressively earlier with increases in SOA.
There is also a tendency for interference to decrease more
rapidly from its maximum with increasing SOAs. This
is especially true at 250 SOA. C. W. Eriksen and Schultz
(1979) suggested that there would be a tendency for prim
ing of the competing response to dissipate after the onset
of the noise letters.

The derivative of the Gompertz function approaches
zero in the limit. This is reflected in the functions for 0
and 50 SOA in Figure 3. The limits are not exactly zero
for 100 and 250 SOA. The most probable basis for this

o SOA

Distraction and Facilitation Effects
At all SOAs, growth functions for the no-letter-noise

condition and irrelevant noise were of the same form.
RECs relating the two conditions were linear and consis
tently indicated that they differed by an additive constant
with the no noise function greater than that for irrelevant
noise. This constant represents the distraction effect.
Differences in the slope parameters of these RECs were
small and not consistent. Calculated growth functions for
the no-letter-noise (parentheses) conditions consist of those
for irrelevant noise conditions with the linear transfor
mations indicated by the RECs.

Facilitation was not obtained at 0 SOA. In this case,
the growth functions for the identical and no-noise con
ditions were approximately the same. At the other SOAs,
facilitation was reflected in the shape of the growth func
tion. While these functions were still of the form of ex
ponential growth functions, they displayed more early de
velopment of associative strength and approached their
limits more rapidly. RECs relating these functions to no
noise were not linear. These three functions for identical
noise were precisely fitted with exponential functions that
described their more rapid growth.

Smoothed, but accurate, representations of the time
course of facilitation are functions consisting of the differ
ence between the calculated growth functions for no noise
and identical noise. These functions are presented in
Figure 4. At these three SOAs, facilitation is pre
dominately a short latency effect. At 50 SOA, the effect
is approximately constant for about 80 msec and then
decreases monotonically. In both the 100- and 250-msec
conditions, facilitation is greatest at the shortest latencies
and decreases monotonically throughout the distribution.

In order to measure the effect of associative interfer
ence as accurately as possible, the growth functions for
irrelevant noise were fitted separately for each SOA. Ac
tually, this was unnecessary, since all of these functions
are nearly of the same form except for the criterion
parameters. This aspect of the data makes it possible to
obtain estimates of criterion level that are comparable
across SOAs and experiments. RECs have been examined
relating all of the irrelevant and no-letter-noise functions
to a single calculated function. The one used was that for
the 0 SOA, no-noise condition of Experiment 2. All of
the values of r2 in these linear regressions were greater
than .998. The resulting estimates of C, the mean of the
criterion distribution, are presented in Figure 5. The

is small within-subjects sampling error between the
criterion levels of irrelevant and incompatible noise. In
order to fit the function, a small constant was added or
subtracted and then removed after fitting. These constants
are not present in the figures, and these functions ac
curately describe the data. The calculated functions for
the growth of excitatory strength for incompatible noise
are the differences between the exponential growth func
tions for irrelevant noise and the functions for associa
tive interference in Figure 3.
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EXPERI MENT I

Figure 4. Calculated functions describing the time course of as
sociative facilitation in Experiment 2 for those 80As with which the
effect was obtained.

the data. In order to evaluate this, we have calculated all
of the distribution functions to evaluate the fit.

The calculated values of the functions for the growth
of excitatory strength for Experiment 2 are presented in
Figure 6. For 0 SOA, the function for identical noise is
not included since it essentially is superimposed with that
for no noise. For 250 SOA, the function for irrelevant
noise is omitted because it is too close to that for no noise
for separate representation. Features of the functions
previously mentioned are observable here. For nonzero
SOAs, the early superiority of identical noise to no noise
is evident. Also, the different shapes of the incompatible
noise functions, dependent on associative interference,
may be seen.

The normal functions along the strength axis represent
the theoretical distribution of the criterion and illustrate
the relation between response probability and the growth
of excitatory strength. The cumulative proportion of
response at any time is indicated by the area of the nor
mal curve below the ordinate of a growth function at that
time. In other words, the predicted proportion of response
is the cumulative normal distribution function of E at any
time. In this way, fits to each of the 16 distributions have
been obtained. Calculations were at 20-msec intervals for
proportions from .02 to .98. Goodness of fit was evalu
ated for each distribution by the proportion of variance
of the data points accounted for by the calculated values.
All of these proportions were .999 or greater. The mean
proportion of variance for the 16 distributions was .9994.
The model provides an extremely precise description of
the data.

Fits to the distributions of Experiment 1 have also been
obtained by transforming the functions of Figure 6 to the
scales of the corresponding conditions of that experiment.
In this analysis the proportions of variances accounted for
was greater than .999 for 13 of the 16 distributions, for
2 it was .998, and for 1 it was .997. The mean propor
tion was .9991. This means that differences between the
experiments may be interpreted as differences in criteri
on parameters and not in the form of the growth func
tions. It also means that these functions are replicable.
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Figure 5. Mean (C) of the criterion distributions for irrelevant
and no letter noise on a common scale for Experiments 1 and 2. The
differences between the two functions for Experiment 2 indicate the
distraction effect of irrelevant noise.

crossing functions for Experiment 1 illustrate the effect
of differential preparation, that is, criterion level, that
occurred with increasing SOAs. As mentionedearlier, this
analysis does not differentiate between the criterion mean
and other possible simple additive effects. The differences
between no noise and irrelevant noise for Experiment 2
indicate the distraction effect of irrelevant noise, meas
ured on the common scale.

Goodness of Fit
The credibility of the model presented here must de

pend upon the degree of accuracy with which it describes

DISCUSSION

These experiments contribute information concerning
two aspects of the temporal dynamics of interference and
facilitation-the effect of SOA on average RT, and within
trial processes as they are affected by SOA. Concerning
the first aspect, the results are based on a substantially
larger number of observations per data point than previ
ous research. Thus, the functions of Figure 1 are some
what more reliable than any previously reported. Our
work most closely resembles that of C. W. Eriksen and
Schultz (1979), since we used the same spacing between
letters and three of the same SOAs. Our function for in
compatible noise in Experiment 2 closely resembles
theirs, with RT increasing slightly to a maximum at 100
msec SOA and then decreasing substantially at 250-msec.
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Figure 6. Calculated functions in scale units describing the growth
of excitatory strength for Experiment 2. At zero SOA, the functions
for identical and no letter noise were superimposed. This was also
approximately true of no noise and irrelevant noiseat 250 SOA. Nor
mal distributions on the strength axis represent the criterion distri
bution.

affected by SOA in conditions with no noise letter or an
irrelevant noise letter. The form is affected at all SOAs
by associative interference, but differentially so at differ
ent SOAs. The time course of interference is described
by the same kind of function at all SOAs, but the maxi
mum is progressively earlier as incompatible noise let
ters precede the target by longer times. This confirms the
prediction of continuous growth theory. In terms of aver
age RT, interference is minimal at 250 SOA. This reflects
two aspects of dynamics within the trial: the maximum
of the interference function is less than at shorter SOAs,
and interference declines more rapidly. Possibly, at longer
intervals, interfering responses may be inhibited more eas
ily and at less cost.

Facilitation is produced only when the identical noise
letter precedes the target. Fifty milliseconds are sufficient
to produce significant facilitation, but the effect is in
creased with 100 msec. These results seem to imply that
the priming effect of the identical letter must be already
present during early processing of the target. This con
clusion is reinforced by the scaling analysis, which indi
cates that facilitation is primarily a short-latency effect.
The fact that facilitation begins earlier as SOA is increased
is in accord with the natural expectation of continuous
growth theory: the earlier the extra source of associative
strength is available, the sooner the effect can begin .
Facilitation definitely affects the form of the function for
the growth of associative strength. It is not merely a dis
placement of the RT distribution.

A question that naturally arises concerns the effects with
oSOA. If incompatible noise produces interference, why
should identical noise not produce facilitation? Any an
swer to this question must recognize that in one case it
is associative strength to the target that is involved, while
in the other it is that of a competing response. The pres
ent data suggest that priming of response to the target de
pends on the prior appearance of the priming stimulus.
On the other hand, they further suggest that two stimuli
may activate two different responses simultaneously. Ad
ditional differences in temporal dynamics presumably de
pend on the interaction of two response systems. The
active inhibition of the competing response may be a part
of this interaction. One speculation to account for the lack
of facilitation with simultaneous presentation has been
mentioned by Krueger and Shapiro (1980) and, more re
cently, by Yeh and C. W. Eriksen (1984). This is the pos
sibility that identical noise produces both facilitation and
interference, but that the effects tend to cancel. Our anal
ysis provides, at least circumstantial, evidence contrary
to this interpretation. If associative facilitation were in
volved, we should expect the form of the growth func
tion to be affected and to be different from that obtained
with irrelevant or no letter noise. This was not observed.
Recently, we have obtained evidence against associative
facilitation by a second target letter in divided attention
tasks (Grice, Canham, & Boroughs, 1984). The evidence
indicated that the "redundant targets effect" in RT ex
periments is due to the fact that a second target replaces
an irrelevant letter that is more distracting.
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However, our research isolated the function for associa
tive interference by providing the comparison with an ir
relevant noise condition. C. W. Eriksen and Schultz did
not study facilitation effects. However, Flowers and Wil
cox (1982) provided comparisons of three response
compatible conditions with a condition with asterisks
rather than noise letters. In agreement with our results,
they found evidence of facilitation by identical noise at
SOAs greater than zero, but not with simultaneous on
set. However, various procedural differences make fur
ther comparison inappropriate. The procedures used by
Taylor (1977) were not sufficiently similar for any
meaningful comparison. The distraction effect of irrele
vant noise letters has not been investigated in the previ
ous research. Our results suggest that this form of inter
ference decreases somewhat as SOAs increase from zero.

Temporal dynamics inferred from RT distributions in
this situation are investigated for the first time in the pres
ent research. The result is a set of orderly and interpreta
ble functions that accurately describe the data. The form
of functions for the growth of associative strength is un-
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NOTES

1. Grice et al. (1982a) presented, in an appendix, a summary of the
scaling procedures used with variable criterion theory. They also
presented a summary of the race model, applicable to CRT, that deals
with the relation between correct responses and errors. The earliest ap
plication of variable criterion theory to latency data was to distributions
of conditioned responses by Grice (l972b). The earliest application to
RT data was by Grice (I972a). The most complete account of the scaling
procedures was by Grice, Nullmeyer, and Spiker (1977, pp. 432-434).
The race model, a corrected form of an earlier version, was derived
by Grice et al. (1979, pp. 354-357).

2. A response evocation characteristic (REC) is the relation between
the scale values of two conditions plotted at corresponding times fol
lowing stimulus onset. If this relation is linear, it implies that the two
growth functions are of the same form. The slope of the linear regres
sion line estimates the ratio of the standard deviations of the two criterion
distributions. The intercept estimates the difference between the means
of the criterion distribution. This relation permits the transformation
of either set of scale values to the scale of the other. The REC is more
fully described in the citations given in Note I.
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