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Abstract
The early work of Charles W. Eriksen and colleagues provided us with both the flanker task and the concepts of response
competition and continuous flow. The model of the flanker task that Eriksen and colleagues developed also includes the idea that
processing occurs in two phases and the specific claim that pro-active response inhibition is employed to prevent errors under
certain conditions. We first replicated and extended the behavioral evidence that motivated this specific claim and then tested it
using a variety of physiological measures. We verified the prediction of Eriksen’s Two-Phase Model of Spatial Selective
Attention using the lateralized readiness potential and contingent negative variation. We also clarified a detail of the model using
electromyographic activity and response force.We note that this contribution of CharlesW. Eriksen has not received the attention
that it deserves and that several recent models might need to be revised in light of Eriksen’s work.
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Introduction

The history of research and theorizing on human information
processing is marked by a series of rapid advances, such as
when a useful new task is devised or an insightful new model
is developed. The work of Charles W. Eriksen and students
and colleagues provides several examples of such advances.
In his best-known line of work, Eriksen provided us with what
has become one of the most popular paradigms in cognitive
psychology – the flanker task – along with the concepts of
continuous flow of information between mechanisms (as an
alternative to discrete stages) and competition between alter-
native responses. When Eriksen’s early work is cited, it is
usually for one of these reasons. But another innovation of
this work is the idea that processing may proceed in two
phases and the specific claim that response activation is some-
times inhibited during the first phase in order to prevent errors.
This last idea is seldom mentioned, but is the focus of the

current paper. It is introduced and explained in detail by de-
scribing the specific model of the flanker task that was devel-
oped by Charles W. Eriksen and colleagues.1

The flanker task and Eriksen’s two-phase model of
spatial selective attention

The flanker task was devised and refined by Eriksen and col-
leagues (starting with Eriksen & Hoffman, 1972, 1973) as a
method of studying spatial selective attention or, conversely,
as a way of exploring the effects of irrelevant stimuli when the
location of the target is known in advance. The name for the
task comes from the fact that the irrelevant stimuli flank the
target within the display. In a typical example, the task is two-
alternative forced-choice with two different targets assigned to
each of the responses – for example, the letters C and S
assigned to one response and the letters H and K assigned to
the other response. The target appears at fixation (or directly
above), flanked on each side by equal numbers of irrelevant
“noise” letters. In some experiments the eccentricity of the
flankers is fixed; in other experiments the spatial separation
between the flankers and target is varied. Most of all: the

1 If the reader is interested in quickly tracing the evolution of Eriksen’s model,
the authors suggest the following five papers (to be read in chronological
order): Eriksen and Hoffman (1973); Eriksen and Eriksen (1974); Eriksen
and Schultz (1979); Coles, Gratton, Bashore, Eriksen, and Donchin (1985);
Gratton, Coles, Sirevaag, Eriksen, and Donchin (1988).
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relationship between the flankers and the target is systemati-
cally varied. The flankers can be: (1) the same letter as the
target and, therefore, associated with the same response as the
target (congruent – identical; e.g., C C C ); (2) a different
letter assigned to the same response as the target (congruent
– alternative target; e.g., S C S ); (3) visually similar to the
target, but not actually assigned to either response (neutral –
visually similar to congruent.; e.g., G C G ); (4) visually
similar to targets assigned to the opposite response (neutral
– visually similar to incongruent; e.g., N C N ); or (5) one of
the letters assigned to the opposite response from the target
(incongruent; e.g., H C H ). In some experiments, a control
condition is also included – i.e., the target (alone) without any
flankers. The trials in the control condition may be randomly
inter-mixed with the trials that include flankers (mixed
control) or run a separate block (blocked control).

A revised plot of the results from the most famous such
experiment (Eriksen & Eriksen, 1974) is provided in Fig. 1.
There are several things worth noting about these data. First,
when the flankers are presented quite close to the target and,
therefore, close to fixation (.06° spacing), they produce a con-
gruence effect that depends on their name. In this case, if the
flankers are letters that are assigned to the same response as
the target (congruent), mean response time (mRT) is lowest; if
the flankers are letters assigned to the opposite response (in-
congruent), mRT is highest; if the flankers are letters that are
not assigned to either response (neutral), mRT is intermediate.
Second, when the flankers are presented much farther from
fixation (1° spacing), their effect depends on their general
appearance, instead of their name. Assuming that the target
is the letter C, for example, the three conditions with curved-
line flankers (identical (i.e.,CCC), alternative target (i.e., SC
S), and visually similar to congruent (e.g., G C G)) produce
equal mRTs that are all lower than the two conditions with

angular flankers (incongruent (e.g., H C H or K C K) and
visually similar to incongruent (e.g., N C N)). Finally, note
that trials without any flankers (i.e., control trials) produce a
lower mRT when run in a separate block than when mixed
with the trials that do include flankers.

These results led Eriksen and colleagues to propose a spe-
cific model of performance of the flanker task: the Two-Phase
Model of Spatial Selective Attention (see footnote 1; also
summarized in Gratton, Coles, & Donchin, 1992). The Two-
Phase Model incorporates elements from a variety of sources,
from vision science to cognitive control, and has stood the test
of time very well. At its core, the model is the archetype of
continuous flow in that information is always being passed
“forward” freely, from stimulus encoding to response activa-
tion. The model also includes competition between alternative
responses and embodies the claim that processing in the flank-
er task occurs in two distinct phases.

The first phase of processing is non-selective. During this
time, all items within the display receive equal processing,
subject to acuity limits (and, maybe, lateral masking). Items
close to fixation will be fully identified, such that the names of
these letters will be available to subsequent processes. Items
far from fixation will only be classified in terms of their gen-
eral appearance, such as curved versus angular for C and H,
respectively. Thus, flankers far from fixation would partially
activate the names of all letters that they resemble, such that a
G, for example, would provide some activation for bothC and
S, but not for either H or K. In either case, letter-name infor-
mation is continuously transmitted to response-selection pro-
cesses, such that any item that is even partially identified as
having the name of a letter that is assigned to a response will
prime that response. If multiple responses receive activation,
they compete with each other via inhibitory cross-connec-
tions. The processing that occurs during the non-selective
phase is what produces the flanker effect. This has been found
to have notable consequences for subsequent trials (see, e.g.,
Botvinick, Braver, Barch, Carter, & Cohen, 2001; Gratton
et al., 1992) and is reflected in several distinct event-related
brain potentials (see, e.g., Donohue, Appelbaum, McKay, &
Woldorff, 2016; Tillman & Wiens, 2011; Zhou, Xiong,
Cheng, & Wang, 2019).

The second phase of processing is spatially selective.
During this time, the target receives much more attention than
any of the flankers. In the extreme, all processing of the
flankers may cease. The processing that occurs during the
selective phase is what allows the correct response to be pro-
duced on a vast majority of trials, even those on which the
priming that occurs during the non-selective phase is mostly in
favor of the incorrect response. The timing of the shift be-
tween the two phases is determined by the difficulty of locat-
ing and selecting the target. Wider spatial gaps between items,
for example, allow the shift from non-selective to selective
processing to occur more quickly. Computational modeling

Fig. 1 Revised and updated copy of Fig. 1 from B. A. Eriksen and C.W.
Eriksen, 1974, Perception & Psychophysics, Vol. 16, No. 1, pp. 143-149;
modern labels for the five experimental conditions have been added for
convenience
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(starting with Cohen, Servan-Schreiber, & McClelland, 1992)
has been used to test whether this is a discrete transition or
occurs gradually (see, e.g., Hübner, Steinhauser, & Lehle,
2010; Liu, Holmes, & Cohen, 2008; White, Ratcliff, &
Starns, 2011).

Response inhibition and blocked versusmixed control
trials

The Two-Phase Model as described above does remark-
ably well in explaining the results from the five experi-
mental conditions of the classic experiment (see left side
of Fig. 1), but not the results from the control trials (see
right side of Fig. 1). Importantly, the model includes one
other component – response inhibition – that also depends
on the phase of processing. This aspect of the model has
often been ignored (or has been over-shadowed by other
issues), even though some early descriptions of the model
refer to the two phases in terms of this inhibition, instead
of in terms of target selection. In order to avoid errors that
are based on the identity or general appearance of the
flankers, “an inhibitory process is required to prevent
the responses from running off willy-nilly” (Eriksen &
Eriksen, 1974, p. 144). In other words, those mechanisms
responsible for producing responses are suppressed proac-
tively or in advance until the non-selective phase of pro-
cessing is done. The modern label for this is “pro-active
inhibition” (see, e.g., Braver, 2012.)

In contrast to the processes responsible for response
competition, this type of inhibitory control is not aimed
at specific responses; instead, it acts to prevent any re-
sponse from being made (prematurely). Thus, it more
closely resembles the type of control that is thought to
be used to perform the stop-signal task (see, e.g., Lappin
& Eriksen, 1966; Logan & Cowan, 1984; Verbruggen &
Logan, 2008), where all types of motor output are simul-
taneously suppressed (see, also, Wessel & Aron, 2017).
The key evidence in support of this claim comes from the
effect of blocking on mRT for control trials (see right side
of Fig. 1). Response inhibition is only required when
some trials within the block involve flankers that are as-
sociated with the incorrect response. “In the mixed con-
trol, … when a subject initiated a trial it would be to his
advantage to have inhibitory processes activated, whereas
in the blocked condition, … the subject could have
discarded any inhibitory process in preparation for a trial”
(Eriksen & Eriksen, 1974, p. 148). Thus, processing on
mixed control trials includes response inhibition, but pro-
cessing on blocked control trials does not. The present
work tested this specific claim using a variety of physio-
logical measures, including event-related brain potentials
(ERPs), electromyographic activity (EMG), and response
force.

Behavioral pilot experiment

It is standard “good practice” in ERP research to reduce the
likelihood and influence of various artefacts (see, e.g., Luck,
2005). One source of such artefacts that exists in the original
comparison between blocked and mixed control (Eriksen &
Eriksen, 1974) is the variability in the number of stimuli pre-
sented across the trials within a block. In blocked control, all
displays within the block contain exactly one letter (the tar-
get); in mixed control, some displays contain only one letter
(i.e., the target in a control trial), while other displays contain
many letters (the target plus the flankers in congruent, incon-
gruent, and neutral trials). Note, however, that the claim that
trial-type mixing is what determines whether responses are
inhibited during the non-selective phase of processing should
also apply to trials with neutral flankers. Thus, blocked neutral
should also produce faster responses than mixed neutral, be-
cause only the latter would involve inhibition. The main goal
of the behavioral pilot of the present study was to verify this
simple prediction.

The second goal of the behavioral pilot was to replicate the
block/mixed effect (on neutral trials) in the simplest possible
task. This was done to test the conditions that were planned for
the main physiological experiment. In contrast to the original
blocked/mixed experiment (Eriksen & Eriksen, 1974), which
involved two different targets per response and six different
flanker-target relationships (see Fig. 1), the present experi-
ment used only one target per response and included only
three conditions: congruent – identical, incongruent, and neu-
tral. (Hereafter, congruent – identical is referred to as simply
congruent.) Similar to the switch from control trials to neutral
trials for the critical data, there is no reason to believe that the
other three flanker-target conditions are needed to produce the
blocked/mixed effect. The present experiment also used only
one value of flanker-target separation, instead of three values,
and the stimuli were much larger than those used by Eriksen
and Eriksen (1974), in order to avoid the issue of visual
similarity.

Finally, instead of simple (on/off) buttons or a left/right
joystick (as used in the original), the pilot experiment used
zero-displacement, force-sensitive keys. This was also done
to match the planned method for the main experiment, which
would include measures of both response force and electro-
myographic activity (EMG). EMG is best measured when
muscles tense without causing any actual movement.

Participants

Twenty participants were recruited from an Elementary
Psychology subject pool and each was run in a single, 1-h
session. All participants reported normal or corrected-to-
normal vision and no motor deficits. All participants provided

724 Atten Percept Psychophys  (2021) 83:722–730



informed consent and all procedures were approved by the
Institutional Review Board.

Stimuli and response apparatus

All stimuli were presented in white on a black screen. The
targets were the letters H and S, assigned to the left and right
index fingers by odd/even counterbalancing. The neutral
flanker was the letter O. There were two copies of the flanker
of each side of the target. Thus, example displays would beH
HHHH (congruent), S S H S S (incongruent), andOOHO
O (neutral). From the standard viewing distance of 65 cm,
each letter was 1.15 × 0.80 degrees of visual angle (dva) and
the center-to-center separation between letters was 1.85 dva.
The fixation cross was 0.35 dva square.

The participants responded by pressing firm levers that
were attached to piezo-electric force transducers (PCB
Piezotronics; Depew, NY, USA). The criterion for registering
a response was set to 100 cN, which is approximately the
“weight” of 100 g at sea level. The onset of the response
was then determined by back-tracing along the force-time
function to the last point in time at which force was greater
than 10 cN or the first local minimum was found. In other
words, response choice used a criterion of 100 cN, but re-
sponse time used a criterion of 10 cN.

Design and procedure

After providing consent, the participants were given written
instructions that explained the task, including the targets-to-
keysmapping, and stressed accuracy over response time (RT).
The participants then completed two short (20-trial) blocks of
practice, followed by 12 full blocks of approximately 40 trials.
In the full blocks, there were 36 planned trials; for the mixed-
conditions blocks, there were 12 trials in each of the three
conditions; for the neutral-only blocks, all 36 trials involved
the neutral flanker. The trials in each condition were evenly
divided with regard to target letter (and, therefore, which re-
sponse was correct). Prior to the 36 planned trials in a block,
there were three randomly selected “warm-up” trials. After an
error, there was a randomly selected “recovery” trial. All
warm-up and recovery trials were excluded from the analysis.

For all participants, the first block of practice was in the
neutral-only condition, while the second block of practice was
mixed conditions. During practice, participants were given
detailed feedback after every error, which included a reminder
not to tap the response keys (which was defined as an increase
of 50 cN ormore in a 2-ms period) and to avoid pressingmuch
harder than necessary (which was defined as a peak force over
1,000 cN). The practice data were excluded from all analyses.

The 12 full blocks were divided into three sets of four, with
three of each four beingmixed conditions and one of each four
being neutral only. This was done to equalize the amount of

data for blocked and mixed neutral. The position of the
neutral-only block within each set of four was counter-
balanced across participants. Only the second and third sets
of four blocks were retained for analysis. In other words, the
first set of four full blocks was also treated as practice.

Each trial began with the presentation of the fixation cross
for 350 ms. This was followed by a blank screen for 150 ms.
The final display with the target and flankers was then shown
until a response was detected or 1,500 ms had elapsed (at
which point the trial was treated as an omission error). The
inter-trial interval was 2,000 ms.

Results and discussion

The behavioral pilot was highly successful. The blocked/
mixed effect on neutral trials was 21.92 ± 5.04 ms; t(19) =

4.35, p < .001, adj bη2p = .473.2 Mean RT for blocked neutral

was 425.01 ms with a mean error-rate of 1.27%; mean RT for
mixed neutral was 446.93 ms with 1.89% errors. While not
relevant to present purposes, in the mixed blocks, the flanker
congruency effect was 40.79 ± 4.73ms; t(19) = 8.62, p < .001,

adj bη2p = .786. Mean RT for congruent was 441.27 ms with

0.73% errors; mean RT for incongruent was 482.08 ms with
2.98% errors. In short, the behavioral pilot succeeded in ex-
tending the findings of Eriksen and Eriksen (1974) to include
blocked versus mixed neutral trials using modern equipment
and a much simpler design.

Main physiological experiment

The specific claim to be tested is that the advantage of blocked
over mixed neutral trials is due to the absence of response
inhibition in the former condition (Eriksen & Eriksen,
1974). The present test was conducted using several physio-
logical measures, including the lateralized readiness potential
(LRP), contingent negative variation (CNV), electromyo-
graphic activity (EMG), and response force. (For a detailed
introduction to the logic and method being employed, see
Danek & Mordkoff, 2011; Mordkoff & Grosjean, 2001).
Eriksen’s Two-PhaseModel predicts a larger LRP for blocked
over mixed neutral trials, because the LRP is an index of
response preparation, which would be suppressed by response
inhibition. At the same time, the model does not predict dif-
ferences in the CNV, because the model does not posit general
(non-motoric) changes in either arousal or trial preparation.

2 Effect size is reported as an adjusted partial-eta-squared because the unad-
justed value (produced by most statistical packages) suffers from noticeable
positive bias, especially when the true effect size or sample is small; see

Mordkoff, 2019. Note that values of adj bη2p can be negative when the true
effect is very small or non-existent and should not be rounded up to
zero; see Okada (2017).
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With respect to EMG and response force, the Two-Phase
Model, as originally presented, does not make clear predic-
tions. However, these data can be used to discriminate be-
tween different sub-types of the model. If, for example, one
takes seriously the suggested parallel between stop-signal pro-
cessing and the response inhibition that is claimed to occur
when incongruent trials are mixed with the neutral trials, then
one would predict no effect of trial-type mixing on either
EMG amplitude or response force. This holds because re-
sponses, once initiated, are unaffected by any of the specifics
of pre-motor processing (see, e.g., Logan & Cowan, 1984;
Osman, Kornblum, & Meyer, 1986). In contrast, if the con-
cept of continuous flow applies within the motor system (in
addition to between perceptual and central processes), then
one would predict differences in EMG and response force that
match the differences observed in the LRP.

The lateralized readiness potential This event-related brain
potential (ERP) is an on-line measure of response preparation
(for an introduction, see, e.g., Coles, 1989). It is defined as the
mean of the difference between electrode sites C3′ and C4′ on
left-hand trials and the difference between C4′ and C3′ on
right-hand trials (such that the value is positive). A parallel
analysis is usually conducted using the left and right outer
canthi in the places of C3′ and C4′, respectively, such that
an artefact plot can be included in the same figure. The overall
magnitude of the LRP in a given condition can be quantified
as the mean during the 100-ms interval immediately prior to
response onset. The reason for only examining the LRP before
the onset of a response is that sensory feedback, once a re-
sponse has begun, will also affect the same electrode sites.
Most of all, if response selection or preparation is being
inhibited, then the amplitude of the LRP should be reduced.
In contrast, if the threshold for activating a response is in-
creased, then the amplitude of the LRP during the 100-ms
interval immediately prior to response onset might be in-
creased, instead (see, e.g., Danek & Mordkoff, 2011).

Contingent negative variation The CNV is a measure of gen-
eral readiness, as distinct from preparation to make a specific
response (for an introduction, see, e.g., Rockstroh, Elbert,
Canavan, Lutzenberger, & Birbaumer, 1989). It is measured
at electrode site Cz immediately prior to the appearance of a
predictable stimulus that will require a response. Note that the
reaction stimulus must have a predictable onset, such as when
it appears at a fixed delay after a warning. (In the present work,
the target and flankers always appeared exactly 500 ms after
the onset of the fixation cross.) Themagnitude of the CNV can
be quantified as the mean amplitude in the 100-ms interval
immediately prior to stimulus onset.

EMG and response force These are highly correlated measures
of response production (see, e.g., Gratton et al., 1988). When

responses are made using the tips of the index fingers, EMG is
measured on the forearms, over the bodies of the flexor
digitorum profundus muscles. The signal is rectified before
averaging. When used in close conjunction with other mea-
sures that each employ a 100-ms window (e.g., the LRP and
CNV), both EMG and response force can be quantified as the
mean amplitude during the first 100 ms after response onset.
(In other situations, other definitions are used – e.g., peak
force; Giray & Ulrich, 1993; Mordkoff & Grosjean, 2001.)

Participants

A total of 22 participants were tested, the planned 20 plus two
replacements for those lost to faulty equipment (a broken wire
in one of the electrode caps). The participants were recruited
by poster and paid US$20 for completing two sessions at
about the same time on consecutive days. All reported normal
or correct-to-normal vision, no motor deficits, and no psychi-
atric conditions. All provided informed consent and the pro-
cedures were approved by the Institutional Review Board.

General method

During the first session, the participant performed the exact
same experiment as the behavioral pilot (above), including the
same written instructions and two practice blocks with de-
tailed feedback. All of these data were excluded from analysis.
During the second session, the participant performed the same
experiment again, this time with new instructions that discour-
aged blinking or any eye or bodymovements between fixation
onset and the end of a trial. During the two practice blocks, the
experimenter informed the participant (via intercom) if a blink
or eye-movement was detected, based on the electro-
oculogram (EOG) recordings, prior to any force production.
As for the behavioral pilot, only the data from the last two sets
of four blocks were retained for analysis.

Physiological recording

ERPs were recorded using caps with Ag-AgCl electrodes
(Electro-Cap International, Inc; Eaton, OH, USA) and an iso-
lated, bio-electric amplifier (SA Instrumentation; San Diego,
CA, USA). The critical electrode sites were C3′ and C4′ (1 cm
anterior and superior to C3 and C4, respectively) and Cz.
Electrodes were also placed lateral to each outer canthi, below
the right eye, at the mastoids, and on the forearms over the
body of the index finger flexor muscle. The impedance of all
EEG electrodes was below 5 kΩ and these signals were am-
plified by 20,000 with a band-pass of 0.01 to 100 Hz. The
EOG electrodes were below 10 kΩ, amplified by 5,000, and
used 0.1–100 Hz filtering. The EMG electrodes were also
below 10 kΩ, amplified by 10,000, and used 0.3–100 Hz.
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All data were sampled at 250 Hz. The sampling epoch started
200 ms before the appearance of the fixation cross and con-
tinued until 1,000 ms after the target and flankers were shown.

Artifact removal, participant loss, and data reduction

The EOG data were first examined for blinks and horizontal
eye-movements. Three participants were omitted from all fur-
ther analysis for blinking on more than 25% of the trials. For
the remaining participants, a mean of 13% of all trials were
lost due to excessive EOG, blocking of a critical channel, or
large amounts of drift. Next, a grand-average LRP, collapsing
across all conditions in both types of block, was calculated for
each participant. Six participants were omitted from all further
analysis for exhibiting no measurable lateralization. (The loss
of one-third of participants is typical of LRP studies.)

The data from the remaining 11 participants were then
subjected to the planned set of three analyses. For the analysis
and plots of the LRP, the data were locked to the onset of force
production (i.e., 10 cN). The magnitude of the LRP in a given
condition (i.e., blocked or mixed neutral) was quantified as the
mean during the 100-ms interval immediately prior to the
onset of force production. For CNV, the data were locked to
stimulus onset and the size of the CNV was defined as the
mean during the 100-ms interval immediately prior to the
onset of final display. For EMG and response force, the data
were locked to the onset of force production and the magni-
tudes were defined as the mean in 100-ms interval immediate-
ly following response onset.

Results and discussion

Mean response time The advantage of blocked over mixed
neutral trials was again replicated. On the trials that were
retained for analysis (i.e., those without blinks or other sources
of artefact), the mean blocked/mixed effect was 28.42 ± 4.10

ms; t(10) = 6.94, p < .001, adj bη2p = .811. A parallel analysis of

all trials showed a blocked/mixed effect of 27.47 ± 5.13 ms;

t(10) = 5.35, p < .001, adj bη2p = .715. The mean flanker con-

gruency effect on retained trials was 45.41 ± 5.61 ms; t(10) =

8.09, p < .001, adj bη2p = .854. In summary, not only was the

blocked/mixed effect replicated, but there is no evidence that
the addition of electrodes and the discouragement of blinks, or
the removal of trials with potential artefacts had any notice-
able influence.

Lateralized readiness potential The grand-average, response-
locked LRPs are shown in Fig. 2, together with the horizontal
EOG waveforms (which demonstrate no evidence of an eye-
movement artefact prior to the onset of the response). As can
be seen, the LRP for blocked neutral was larger than that for
mixed neutral. During the 100-ms interval just prior to

response onset, the advantage of blocked neutral was 0.92 ±

0.32 uV; t(10) = 2.90, p = .016, adj bη2p = .402. This verifies the

prediction from Eriksen’s Two-Phase Model that response
preparation is suppressed or inhibited in the mixed neutral
condition.

Contingent negative variation The grand-average, stimulus-
locked Cz waveforms are shown in Fig. 3, together with the
vertical EOGs. The slow drift in vertical EOG appears to have
been caused by some participants forcing themselves not to
blink; in any event, the results for the CNV cannot be an
artefact of differences in EOG, because the EOG waveforms
are virtually identical. During the 100-ms interval just prior to
the appearance of the final display, the blocked/mixed effect

was 0.04 ± 0.33 uV; t(10) = 0.12, p = .907, adj bη2p = −.099.
Thus, the blocked/mixed effect on the CNV was negligible
with no statistical significance. This rules out the idea that the
blocked/mixed effect in mean RT is due to differences in
overall arousal or other forms of non-specific trial preparation,
as is claimed by Eriksen’s model.

Motor measures The grand-average, response-locked EMGs
and force curves are shown in Fig. 4. During the 100-ms
interval just after the onset of the response, the blocked/
mixed effect on mean EMG was −0.31 ± 0.45 uV; t(10) =

0.69, p = .506, adj bη2p = −.050. During the same interval, the

blocked/mixed effect on mean response force was 1.71 ± 1.62

cN; t(10) = 1.05, p = .318, adj bη2p = .009. In short, there was no

evidence that the blocked/mixed effect in mean RTwas due to

Fig. 2 Grand-average, response-locked lateralized readiness potentials
(LRPs) for the blocked and mixed neutral conditions, and corresponding
horizontal electro-oculograms (EOGs)
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differences in response execution. Furthermore, these data
provide some support for the idea that the response inhibition
that depends on trial mixing in the flanker task (and produced

the observed difference in the LRP, above) is similar to that
which is used to prevent responses in stop-signal tasks. In both
cases, the inhibition only serves to either delay or prevent a
response from being initiated; the actual execution of the re-
sponse, if and when it occurs, is virtually unchanged.3

Conclusion

The early work of Charles W. Eriksen and colleagues provided
us with one of the most useful and popular experimental para-
digms – the flanker task (Eriksen & Hoffman, 1972, 1973) –
and several concepts that are now central to our understanding
of human information processing. These include the ideas that
alternative responses compete for activation (Eriksen &
Eriksen, 1974) and that information flows continuously from
one process to the next (Eriksen & Schultz, 1979). But the
model developed by Eriksen and colleagues also includes the
specific claim that, under certain conditions, all responses are
initially inhibited in order to prevent errors (Eriksen & Eriksen,
1974). This claim was tested here using a variety of psycho-
physiological measures. Consistent with the idea that it is the
inclusion of incongruent trials within a block that evokes the
response inhibition, we observed smaller lateralized readiness
potentials on mixed neutral trials than on blocked neutral trials.
Consistent with the idea that it is response preparation in par-
ticular that is inhibited and not overall readiness or global arous-
al, we observed no differences in the contingent negative vari-
ation between mixed and blocked neutral trials. Finally, consis-
tent with the suggestion that the inhibition that prevents prema-
ture errors in mixed blocks of the flanker task is similar to the
inhibition that prevents responses in the stop-signal tasks, we
observed no difference in either electromyographic activity or
response force. Thus, we verified the predictions of Eriksen’s
Two-PhaseModel of Spatial Selective Attention and reinforced
the link between elements of the model and another form of
inhibitory control.

Of course, verification of a model’s prediction is not proof
that the model is correct. There might be other ways to explain
the difference in response preparation between blocked and
mixed neutral trials without reference to changes in response
inhibition. It is possible, for example, that the dynamics of
spatial attention (see, e.g., the “zoom lens” model of Eriksen
& St. James, 1986) could depend on trial mixing, such that
attention is more rapidly focused on the target in the blocked
neutral condition or even pre-focused on only the target. If the

3 While not part of the planned set of analyses, we did conduct tests of whether
the apparent reversals of blocked/mixed effect near the end of the EMG and
response-force waveforms were reliable. They were not. For EMG, the
blocked/mixed effect during the interval from 300 to 400 ms after response

onset was −0.62 ± 0.71 uV; t(10) = 0.87, p = .405, adj bη2p = −.023. For
response force, the effect in the same interval was −23.29 ± 13.78 cN;
t(10) = 1.69, p = .122, adj bη2p = .144.

Fig. 4 Grand-average, response-locked electromyograms (EMGs) and
amounts of response force for the blocked- and mixed-neutral conditions

Fig. 3 Grand-average, stimulus-locked contingent negative variations
(CNVs; voltages at electrode site Cz) for the blocked and mixed neutral
conditions, and corresponding vertical electrooculograms (EOGs) (note
that time -500 is also fixation onset)
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effects of this difference are allowed to feed forward to re-
sponse preparation (due to continuous flow), then it could
produce a blocked/mixed effect on the LRP. While this par-
ticular alternative would seem to provide a reasonable expla-
nation of the original finding of a mixing effect on control
trials (because control trials have no flankers and are visually
quite distinct from congruent and incongruent trials), it is
somewhat undermined by the identical finding of a mixing
effect on neutral trials. However, it cannot be firmly rejected.

One might also question the value of testing an aspect of a
model frommore than 40 years ago. In response, first note that
neither the finding of a blocked/mixed effect on neutral-trial
performance nor the suggestion of trial-mixing-dependent re-
sponse inhibition is often mentioned in papers that cite
Eriksen’s work. If one examines the ten papers that cite
Eriksen and Eriksen (1974) and have, in turn, been cited the
most (according to Web of Science in May of 2020), none
mention either of these; they all focus on the flanker effect
(i.e., the difference between congruent and incongruent trials),
continuous flow, and response competition. Furthermore, one
important review of the “costs” associated with mixing vari-
ous trial-types within a block (Los, 1996) does not cite
Eriksen’s early work at all, nor does a recent review of how
inhibition is often used as a form of cognitive control in order
to avoid making errors (Braver, 2012). If nothing else, the
present paper may help revive interest in some of the impor-
tant but over-looked contributions of Charles W. Eriksen.

More critical, however, is how trial-mixing-dependent re-
sponse inhibition is missing from many recent models of se-
lective attention. For example, the well-known and widely
cited model of Botvinick et al. (2001) does not include a
mechanism that corresponds to the type of response inhibition
that was proposed by Eriksen and Eriksen (1974) and support-
ed by the present experiments. With a few notable exceptions
(e.g., Sohn, Albert, Jung, Carter, & Anderson, 2007), this type
of “conflict-monitoring”model is only designed to explain the
differences in processing that occur during the performance of
congruent and incongruent trials; they cannot explain differ-
ences that are already in place before the trial begins, such as
the blocked/mixed effect on control (or neutral) trials. In mod-
ern terms (see Braver, 2012), these models include reactive
response inhibition, but not the pro-active response inhibition
that Eriksen proposed and the present experiments supported.

Likewise, computational models of selective attention in
general and the flanker task in particular (starting with the
work of Cohen et al., 1992), including those based on diffu-
sion processes with non-stationary drift (e.g., White et al.,
2011), have not included pro-active response inhibition. The
addition of such this well alter the answer to a central question:
whether the transition between the non-selective and selective
phases of processing is gradual or discrete all-or-none. So,
yes, the Two-Phase Model of Charles W. Eriksen is old, but
it contains several ideas that remain crucial today.
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