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An electromyographic examination
of response competition
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Subjects were required to discriminate the letters S and H in a choice reaction time task. They
responded with a thumbpress of one hand to one of the letters and with the thumb of the other
hand to the other letter. In the incompatible noise condition, the target letter was flanked by
the opposite response letter, and in the compatible noise condition, the flanking noise letters were
identical to the target. In addition to overt reaction time, associated electromyographic activity
was recorded in both arms on each trial. In keeping with previous findings, incompatible noise
significantly and appreciably increased reaction time for the overt response. More importantly,
in the incompatible condition, the occurrence of a correct thumb response was frequently accom-
panied by an EMG in the arm appropriate to the noise letters. This result was interpreted as
showing that the noise letters were processed to the point of incipient response activation simul-
taneously with the target letter. The results were predicted by the continuous flow model of C. W.
Eriksen and Schultz (1979) and the variable criterion theory of Grice, Nullmeyer, and Spiker (1982).

Response competition has been employed as an explana-
tory construct to account for observed increases in reac-
tion time (RT) in situations in which elements in the stimu-
lus activate two or more different responses. It is assumed
that the simultaneous activation of different responses
results in mutual inhibition of these responses, thus delay-
ing their execution. One of the better known examples
is the Stroop effect. Here, the latency in naming an ink
color is delayed if the color material is presented in the
form of a word that refers to a different color name
(Stroop, 1935). More recently, Proctor (1981) used the
construct of response competition to account for the fre-
quent finding on matching tasks that judgments of *differ-
ent”’ have longer latencies than judgments of ‘‘same.”’
The different stimuli are presumed to result in the simul-
taneous activation of two different name codes that mutu-
ally inhibit each other.

Stroop-like interference effects have been found to oc-
cur on a wide variety of tasks (B. A. Eriksen & C. W.
Eriksen, 1974; C. W. Eriksen, B. A. Eriksen, & Hoff-
man, in press; Keren, O’Hara, & Skelton, 1977; Shaffer
& LaBerge, 1979). B. A. Eriksen and C. W. Eriksen
(1974) studied the effects of surrounding noise letters upon
choice RT to target letters. Subjects’ RTs were substan-
tially greater when the centrally located target letter was
surrounded by letters of the opposite response set than
when the target and noise letters were from the same
response set. Also, neutral noise letters (letters from
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neither response set) produced intermediate effects that
were a function of the featural overlap they shared with
either response set. These results were interpreted as
showing not only that subjects are unable to completely
restrict their attention to the target item, but also that since
RTs could be manipulated as a function of the experimen-
tally defined target-noise response compatibilities, the
noise items must have been processed along with the tar-
get items at least to the point of incipient response acti-
vation.

Such response competition effects are difficult to recon-
cile with discrete stage models of visual information
processing (Sternberg, 1969) that assume that informa-
tion is processed serially through stages from input
through decision stage. The decision stage culminates in
response activation. Each stage is assumed to complete
processing of the stimulus before the next stage begins.
Although both target and noise stimuli could conceiva-
bly pass through the processing stages simultaneously, a
discrete decision stage that activates responses would
presumably prevent the incorrect response from gaining
access to the motor pathways.

Response competition effects are more easily assimi-
lated by continuous processing models such as the con-
tinuous flow model of C. W. Eriksen and Schultz (1979)
or the variable criterion model of Grice, Nullmeyer, and
Spiker (1982). Both of these models posit that informa-
tion accumulates or develops gradually over time. Dur-
ing this development, the information is passed continu-
ously through the different stages and results in the prim-
ing of relevant responses. This gradual priming of
responses as the information is being processed leads to
a prime or partial activation of competing responses when
the stimulus contains noise stimuli appropriate to these
responses. Thus, when the criterion is reached for the cor-
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rect response to a target, the response must be executed
against a background of partial activation of other
responses. It is assumed that this partial activation of com-
peting responses delays the execution of the correct
response.

The locus of response competition effects in terms of
partial activation of alternative or competing responses
would be greatly supported, as would also continuous flow
models of information processing, if evidence could be
obtained showing that the alternative response system is
indeed incipiently activated or primed. In the present ex-
periment, we looked for evidence of the incipient activa-
tion of competing responses by examining electromyo-
graphic activity. The response competition paradigm of
B. A. Eriksen and C. W. Eriksen (1974) was used. In
this paradigm, the subject is required to classify a target
letter that is surrounded by noise letters that require a
response different from the target response. Even though
the subject executes the correct response, we anticipated
there might be electromyographic indications that the
response appropriate to the noise letters was also in-
cipiently activated.

METHOD

Procedure

On each trial of the experiment, the subject was required to identify
which of two target letters (H or S) appeared briefly in the centrally
designated target position of a tachistoscopic display. There were two
types of displays: (1) The target and surrounding noise letter were iden-
tical and response compatible (H H H and S S S); and (2) the sur-
rounding noise letters were response incompatible with the target letter
(H S H and S H S). The subject identified the target letters by press-
ing separate response buttons with either the right or left thumb. An
electromyogram (EMG) was recorded from the flexor of each arm.

After fixating a small cross in the center of the visual field, the sub-
ject initiated a trial with a footpress. Immediately thereafter, the fixa-
tion field was replaced with a blank field for 150 msec, which was fol-
lowed, in turn, by the stimulus field, which remained on for 150 msec,
and then the fixation field reappeared. All the subjects were instructed
to respond only on the basis of the center letter that occurred immedi-
ately above the fixation point. They were to ignore the noise letters.
After each trial, RT feedback was provided.

Each subject participated in only one session lasting about 90 min.
Before data were collected, each subject had a practice period during
which 40 mixed-condition trials were run. Following this warmup, each
subject received five blocks of 40 trials. Each block consisted of 10 ran-
domly ordered presentations of each of the four stimulus displays.

Apparatus and Stimuli

The stimuli were presented in a Scientific Prototype three-channel
tachistoscope. Luminances of the white background for all fields were
set at 30 cd/m?. RTs were recorded to the nearest millisecond on a Hunter
Model 1522 digital clock counter. The stimuli were the capital leters
H and S, which appeared against a white vinyl card background. They
were Zipatone Futura Bold 20 point; at the experimental viewing dis-
tance, they subtended .21° and .19° of visual angle in height and width,
respectively. The three-letter display subtended .73° of visual angle,
with a between-letter spacing of .08° of visual angle edge to edge.

An EMG was recorded from the flexor muscles of each hand with
Beckman silver/silver-chloride electrodes (5 mm in diameter), using the
forearm flexor placement described by Lippold (1967). Recordings were
on Beckman R-411 dynagraph. Amplitude settings varied between sub-
jects but were constant within subjects. They were adjusted to yield pen
deflections approximately 2 cm for a buttonpress response. An EMG

response in either hand was scored if the EMG trace following stimu-
lus onset was greater than 5 mm above baseline activity. If EMG ac-
tivity meeting this criterion occurred only in the muscles associated with
one hand, the trial was classified as a single EMG trial. When the criterion
activity occurred in the muscles associated with both hands, the trial
was classified as a dual EMG trial.

Subjects
Three of the experimenters and two student volunteers (paid) served
as subjects. Each had either normal or corrected-to-normal vision.

RESULTS AND DISCUSSION

Consistent with previous research (B. A. Eriksen &
C. W. Eriksen, 1974; C. W. Eriksen & B. A. Eriksen,
1979), the response latency for the buttonpress was sig-
nificantly longer [t(4) = 6.89, p < .01] when the target
letter was flanked by incompatible noise letters than when
it was flanked by repetitions of itself (compatible noise).
RTs averaged 85 msec faster for the compatible noise dis-
plays (582 vs. 667 msec). This difference could not be
attributed to speed-accuracy trade-offs, since the error rate
for the incompatible target noise condition (15%) was
greater than that for the compatible noise condition (5%).

Our major interest, however, concerns the relationship
between trials on which EMGs revealed activity evident
in both hands and the type of target-noise compatibility.
Criterion EMG responses were observed in both hands
on 40% of the trials when the target and noise were in-
compatible versus 8% of the trials when target and noise
were compatible. The difference between these percen-
tages is significant (p < .05), with all subjects showing
substantially more dual EMG responses on incompatible
trials than on compatible trials.

In Figure 1, buttonpress latencies and EMG latencies
to compatible and incompatible displays are shown
separately for those trials on which the criterion EMG
response was obtained only in the correct arm and for
those trials in which an EMG occurred in both arms.
These data are for those trials on which a correct button-
press response was executed. However, the latency of the
incorrect EMG on the dual EMG trials is also shown in
the dual EMG graph. Note that these incorrect EMGs
measure only the initiation of motor activity, which did
not result in a completed or detectable buttonpress
response.

As is seen in Figure 1, the latency of the correct but-
tonpress response is considerably greater when there is
EMG activity present in the incorrect hand. This is true
for both compatible and incompatible displays, although
the value for compatible displays with dual EMG activity
is unstable due to the low number of trials in this category
(8%). If we eliminate those trials in which EMG activity
occurred in the incorrect hand, there is still a 40-msec
difference in latency for incompatible versus compatible
displays for the buttonpress response (p < .05). This
residual difference may be due to the fact that there are
response competition effects that are too subtle to be de-
tected by EMG activity or are below our criterion for scor-
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Figure 1. Mean latencies of buttonpress and EMG activity as a
function of noise compatibility for those trials on which EMG ac-
tivity occurred in only the “correct” arm (single EMG) and those
trials on which EMG activity was present in both arms (dual EMG).

ing EMG activity. It is quite possible that competition oc-
curs at preparatory leyels in terms of postural adjustments
that are not reflected in the final link of the response. Also,
competition may exist at the recognition level (C. W. Erik-
sen & Schultz, 1979; Proctor, 1981). Furthermore, we
cannot exclude the possibility that there are also interfer-
ence effects at the input level of processing (Flowers &
Wilcox, 1982; Grice, Canham, & Shafer, 1982).

For those 8% of the trials on which EMG activity oc-
curred in the incorrect hand with compatible noise, fac-
tors other than stimulus-driven competition must be
responsible. One factor may be that the subject is momen-
tarily confused about response mappings, and another
might be occasional guessing strategies. That they are
different from stimulus-driven competition effects is sug-
gested by two other features of the data. The first is seen
in a comparison of the difference between the correct
EMG latency and the occurrence of the overt buttonpress
response. This latency difference varies from 104 to
118 msec for compatible and incompatible displays in the
single EMG response trials and in the incompatible dis-
plays on the dual EMG response trials. In contrast, there
is 133-msec difference between EMG latency and button-
press latency for the compatible trials when incorrect
EMG activity occurs. Although the difference is not sig-
nificant, it does suggest that when incorrect EMG is
present for a compatible display, it is due to variables other
than response competition. This interpretation is further
supported when the latency of the incorrect EMG activity
is examined. Latency is essentially identical for both com-
patible and incompatible displays, but with compatible dis-
plays it precedes the correct EMG latency by only
51 msec, whereas, for incompatible displays, the incor-
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rect EMG activity leads correct EMG activity by
140 msec. The difference between these differences is sig-
nificant (p < .05).

The present experiment differed from previous response
competition studies in that the signifying responses for
the target and for incompatible noise were not ‘‘structur-
ally”’ incompatible. By this we mean, in the present in-
stance, both responses could be executed simultaneously.
In previous studies (B. A. Eriksen & C. W. Eriksen,
1974; C. W. Eriksen & B. A. Eriksen; C. W. Eriksen
& Hoffman, 1973), the signifying responses were such
that they could not be performed simultaneously. One can-
not voice two letters or two colors simultaneusly or move
a response lever both right and left at the same time. Our
present finding of an appreciable response competition ef-
fect suggests that the effect does not depend upon *‘struc-
tural’’ response incompatibility. Apparently, responses
can compete at stages that precede actual response exe-
cution. Preparation to make one response impedes the ex-
ecution of another response even though both responses
would appear capable of execution at the same time. It
is also possible that the need to inhibit the incorrect
response from overt expression may spread inhibition to
the correct response, which slows its execution.

SUMMARY

The results of this experiment are quite clear in showing that compe-
tition between responses is a viable explanation for the impaired per-
formance observed in the presence of competing stimuli. The data sup-
port the variable criterion model of Grice, Nullmeyer, and Spiker (1982)
and the continuous flow model of C. W. Eriksen and Schultz (1979).
They also pose serious problems for simple discrete stage models that
conceive of the decision stage’s acting upon the product of processing
by activating an appropriate response. At the very least, discrete stage
models would need to consider a vacillating or leaky decision stage that
is unable to make a clean decision between the relevant and the irrele-
vant stimuli processed. In activating the correct response, some activa-
tion apparently would have to spill over and partially activate the inap-
propriate response associated with the noise stimuli. Alternatively, one
might try to account for the results by assuming that on a certain propor-
tion of trials, the noise stimuli finish processing before the target and
the decision stage begins to activate the response appropriate to the noise
but aborts this activation when the target stimulus arrives from the prior
processing. This possibility seems unlikely in view of the differences
that we noted between dual EMG activity to compatible displays as op-
posed to the incompatible ones. On the few trials on which incorrect
EMG activity occurred for compatible displays, the latency between the
incorrect EMG and the correct EMG was appreciably shorter than the
comparable latency difference for incompatible displays. This would
suggest that the correction is made much faster in the absence of com-
peting stimuli. When dual EMGs occurred for compatible displays, this
would most likely be comparable to the situation in which a decision
stage activated the wrong response and then had to abort. Our data sug-
gest that this type of abortion occurs with a shorter latency than is ob-
served when an incorrect response is primed by the noise stimuli in the
display.
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