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Abstract

Since its introduction nearly a half century ago, the Eriksen flanker task has prompted multiple theoretical and methodological
advancements in the study of attention and control. Early research with the task inspired the continuous flow model of informa-
tion processing, which in turn prompted researchers to investigate the dynamics of response competition using continuous
behavioral measures. In recent years, the use of such measures in psychological research has increased dramatically as hand-
tracking techniques have become more widely accessible. The current article highlights commonly overlooked links between
Eriksen and colleagues’ pioneering research investigating the continuous flow model and recent hand-tracking research inves-
tigating the dynamics of attention and control. After providing an overview of two hand-tracking techniques frequently used in
psychological research, we review a series of recent studies that have used these techniques to investigate how the processes
underlying attention and control (a) unfold over the course of a response (within-trial dynamics), (b) are impacted by recent
experience (cross-trial dynamics), and (c) contribute to age-related changes observed across the life span (developmental dy-
namics). In addition to highlighting the central role that the flanker task has played in advancing psychological research and
theory, this review underscores the advantages of collecting continuous behavioral measures, both in Eriksen’s seminal work and

in contemporary hand-tracking studies.
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Introduction

Throughout his career, Charles W. Eriksen advanced psycho-
logical research and theory by developing and refining the
methods used to investigate attention and control (e.g.,
Eriksen, 1952; Eriksen et al., 1985; Eriksen & Eriksen,
1974; Eriksen & Hoffman, 1972, 1973; Eriksen & Spencer,
1968; Lappin & Eriksen, 1966). In 1972, Eriksen and
Hoffman introduced a task in which participants identified a
target stimulus flanked by distractor stimuli. Eriksen and
Hoffman (1973) and Eriksen and Eriksen (1974) subsequently
altered the task to compare performance on congruent trials in
which the target and distractors cued the same response (e.g.,

>4 Christopher D. Erb
christopher.erb @auckland.ac.nz

School of Psychology, University of Auckland, 23 Symonds Street,
Building 302, Auckland 1010, New Zealand

Department of Psychology, Connecticut College, 270 Mohegan
Avenue, New London, CT 06320, USA

HHHHH) with incongruent trials in which the target and
distractors cued competing responses (e.g., SSHSS). Results
from the task revealed a congruency effect with slower re-
sponse times on incongruent than congruent trials, suggesting
that competing response activations on incongruent arrays de-
layed the execution of the correct response. These and other
findings from the flanker task prompted Eriksen to develop
the continuous flow model of information processing, which
proposed that unfolding perceptual processes could concur-
rently drive the activation of one or more responses (Eriksen
& Schultz, 1979).

The continuous flow model marked an important departure
from prominent stage-based, serial processing models that
held that one stage of processing (e.g., the decisional stage)
had to conclude before the next stage (e.g., the response stage)
began (Sternberg, 1969). Such stage-based models de-
emphasized the role of action in psychological research and
theory by conceptualizing behavior as the outcome of percep-
tual and cognitive processes that had already concluded (for
further discussions of the impacts of this view, see Cisek &
Kalaska, 2010; Erb, 2018; Spivey, 2007). The continuous
flow model, on the other hand, elevated action to a more
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prominent role by proposing that actions could be flexibly and
adaptively tuned in response to unfolding events. Further, the
model raised an important methodological implication; name-
ly, that behavioral responses could be measured continuously
to investigate how perceptual and cognitive processes unfold
over time.

Eriksen and colleagues subsequently explored this possi-
bility by using electromyography (EMG) to measure muscle
activity and dynamometers to record hand-squeeze responses
in the flanker task (e.g., Coles et al., 1985; Eriksen et al., 1985;
Gratton et al., 1988). This line of research presented early
evidence that competing responses can be activated simulta-
neously, a notion that garnered further empirical support
through single-cell recordings of monkey dorsal premotor cor-
tex (Cisek & Kalaska, 2005). In recent years, researchers have
built on Eriksen and colleagues’ early work with continuous
behavioral measures by taking advantage of recent advances
in the techniques used to measure the spatial and temporal
characteristics of hand movements (manual dynamics).
These techniques have proven to be effective tools for inves-
tigating how processes across perception, cognition, and ac-
tion unfold over the course of a response (within-trial
dynamics), are impacted by recent experience (cross-trial
dynamics), and change across the life span (developmental
dynamics). However, the links between contemporary hand-
tracking research and earlier efforts to test the continuous flow
model using EMG and dynamometers are not often adequate-
ly acknowledged. The current article aims to address this dis-
connect. In the following, we provide an overview of two
hand-tracking techniques commonly used to record manual
dynamics: mouse tracking and reach tracking. We then pro-
vide a review of recent work that has used these techniques to
investigate attention and control, highlighting important
points of contact between this work and the work of Eriksen
and colleagues.

Measuring manual dynamics

Button-press measures of response time and accuracy have
long served a central role in perceptual and cognitive psy-
chology. However, discrete manual responses provide rel-
atively limited insight into the dynamics of perceptual and
cognitive processes (Gallivan & Chapman, 2014; Song &
Nakayama, 2009). As noted above, Eriksen and colleagues
addressed this limitation of button-press measures by using
continuous measures of muscle activity (EMG) and hand-
squeeze responses (Coles et al., 1985; Eriksen et al., 1985;
Gratton et al., 1988). This enabled the researchers to test the
continuous flow model by (a) exploring how incongruent
stimulus arrays impacted different components of a re-
sponse and (b) separating responses into different catego-
ries based upon distinctive features.

@ Springer

For instance, Eriksen et al. (1985) designed a flanker task in
which participants responded by pressing a button with their
left or right thumb while muscle activity in each hand was
measured via EMG. This allowed the researchers to identify
key events within each trial, including when a response on the
correct or incorrect hand was initiated (i.e., when EMG activ-
ity exceeded baseline levels by a specified amount) and when
a final response was executed (i.e., when a button was
pressed). Consistent with the continuous flow model (and
related models such as the variable criterion model, Grice
et al., 1982), the results revealed clear evidence of response
competition on incongruent trials, with participants initiating a
response with both hands on 40% of incongruent trials but
only 8% of congruent trials.

Later that year, Coles et al. (1985) reported the results of a
similar study in which participants completed a flanker task by
squeezing dynamometers with their left and right hands while
muscle activity was recorded via EMG. In order to register a
response, participants had to squeeze the dynamometer with
enough force to surpass a set threshold. This enabled the re-
searchers to separate accurate responses into three different
categories reflecting the degree to which the incorrect re-
sponse was activated before the correct response was ultimate-
ly provided: N responses featured no evidence that the incor-
rect response was activated; E responses featured EMG activ-
ity in the incorrect hand but no squeeze activity; and S
responses featured both EMG activity and squeeze activity
in the incorrect hand.

Consistent with the predictions of the continuous flow
model, incongruent trials featuring E responses (EMG but
not squeeze activity in the incorrect hand) revealed similar
EMG-onset latencies for both hands, suggesting that the cor-
rect and incorrect responses were activated concurrently on
these trials. Interestingly, incongruent trials featuring S re-
sponses (EMG and squeeze activity in the incorrect hand)
revealed faster EMG-onset latencies for the incorrect response
than the correct response, indicating that the incorrect re-
sponses was activated before the correct response was ulti-
mately provided. These findings, along with those of
Eriksen et al. (1985), presented early evidence that complex
response dynamics underlie adaptive behavior — even in tasks
that feature relatively constrained response options. Further,
these results underscore the value of continuous behavioral
measures, as the complex nature of response dynamics is ob-
scured when behavior is assessed solely in terms of discrete
button presses.

Researchers in perceptual and cognitive psychology have
continued to use EMG and dynamometers to shed light on the
dynamics of attention and control (e.g., Burle et al., 2005,
2014; Coles et al., 1995; Davranche et al., 2005; Fournier
et al., 1997; Ridderinkhof et al., 1995; Suarez et al., 2015).
The scope and volume of research measuring manual dynam-
ics has increased dramatically in recent years, however, as
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theoretical frameworks emphasizing the importance of behav-
ioral dynamics have become more prominent (e.g., Cisek &
Kalaska, 2010; Faulkenberry et al., 2018; Freeman et al.,
2019; Gallivan & Chapman, 2014; Song, 2017; Spivey,
2007) and as hand-tracking techniques have become more
readily accessible to researchers (Dotan et al., 2019;
Freeman & Ambady, 2010; Kieslich & Henninger, 2017).

One such technique commonly used across a wide variety
of sub-fields of psychology is mouse tracking (e.g., Dale et al.,
2007; Faulkenberry et al., 2015; Hehman et al., 2014,
Scherbaum & Dshemuchadse, 2019; Wojnowicz et al.,
2009; Yu et al., 2012). In a typical mouse-tracking study,
participants perform a computerized task by using a mouse
to navigate a cursor from a starting location at the bottom
center of the screen to one of two response options at the top
corners of the screen (see Fig. 1a). The x and y coordinates of
the cursor are recorded over time to capture the two-
dimensional path that the participant’s hand travels to reach
one of the response targets.

In contrast to mouse tracking, reach tracking can be used to
record the three-dimensional position of multiple hands or

fingers simultaneously via electromagnetic sensors or an array
of high-speed cameras (e.g., Gallivan et al., 2011; Moher &
Song, 2013; Scorolli et al., 2015). For example, Erb and
Marcovitch (2018) presented participants with a reach-
tracking version of a two-alternative forced-choice (2AFC)
flanker task in which participants wore a small electromagnet-
ic sensor on their pointing finger. Participants started each trial
by resting their finger on a designated starting location on the
screen in front of them (see Fig. 1b). After the stimulus array
was presented, participants responded by reaching to touch
one of the two response targets located toward the top left
and top right of the display.

Reach tracking presents a flexible solution for researchers
interested in measuring manual dynamics, as the technique
can be used to investigate how participants navigate to digital
images on a two-dimensional display as well as how partici-
pants interact with three-dimensional objects in their environ-
ment. Consequently, the technique is particularly well suited
for research investigating naturalistic behaviors such as grasp-
ing (e.g., Casticllo et al., 1993; Hu & Goodale, 2000).
Reaching tasks are also quite intuitive to perform relative to
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Fig. 1 (a) [llustration of a mouse-tracking version of the flanker task. The
participant uses a computer mouse to move an on-screen cursor from the
central starting location at the bottom of the screen to one of the two
response targets at the top corners of the screen. (b) Illustration of a
reach-tracking version of the flanker task. The participant must move
their hand from the central starting location on the table in front of the
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participant to one of the two response targets located on the digital dis-
play. (c¢) Illustration of a hypothetical trial from a reach-tracking task,
highlighting common temporal (response time, initiation time, and move-
ment time) and spatial measures (max deviation and area under the
curve). This figure was adapted from Erb (2018) and is presented with
permission from the author
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mouse-tracking tasks given that using a computer mouse re-
quires participants to map hand movements onto the move-
ments of a digital cursor (Gallivan & Chapman, 2014) and that
individuals or groups (e.g., children) may have different levels
of expertise using a mouse (Lane & Ziviani, 2010). However,
reach tracking also requires the use of specialized equipment
and software, which can present significant barriers to
adoption.

Mouse tracking, on the other hand, presents a low-cost
solution for researchers seeking to record manual dynamics.
Mouse tracking does not require specialized equipment be-
yond a standard computer and mouse, making the technique
well suited for studies requiring portable data collection in
home, school, or museum settings. Additionally, the tech-
nique can be used to collect data remotely through online
platforms. Further, a number of freely available software
packages have been developed to support mouse-tracking data
collection and analysis, including MouseTracker (http:/www.
mousetracker.org), TrajTracker (https://trajtracker.wixsite.
com), and Mousetrap (https://github.com/pascalkieslich/
mousetrap-os). For additional information regarding the
relative strengths of each technique, see Erb (2018), Moher
and Song (2019), and Gallivan and Chapman (2014).

A major advantage shared by both mouse tracking and
reaching tracking is that the techniques afford several tempo-
ral and spatial measures that offer a more detailed view of
performance than standard button-press measures. For in-
stance, response times (the time elapsed between stimulus
onset and response completion) can be separated into initia-
tion times (the time elapsed between stimulus onset and move-
ment onset) and movement times (the time elapsed between
movement onset and response completion). To evaluate the
spatial characteristics of a response, researchers often calcu-
late the movement’s maximum deviation from a hypothetical
direct trajectory linking the movement’s starting and ending
points. For example, a movement’s curvature can be comput-
ed by dividing its maximum deviation value by the length of
its hypothetical direct trajectory. Researchers also frequently
evaluate the area under the curve (AUC) by computing the
area between the observed trajectory and the hypothetical di-
rect trajectory (see Fig. 1c). These and other hand-tracking
measures have provided important insights into a wide
range of topics, including attention (e.g., Moher &
Song, 2013; Song & Nakayama, 2006), language pro-
cessing (e.g., Farmer et al., 2007; Spivey et al., 2005),
numerical cognition (e.g., Dotan & Dehaene, 2013; Erb
et al., 2018; Song & Nakayama, 2008a), decision mak-
ing (e.g., Gallivan & Chapman, 2014; Koop & Johnson,
2013), cognitive control (e.g., Erb et al., 2017;
Scherbaum & Dshemuchadse, 2019), and social cogni-
tion (e.g., Freeman et al., 2016; Stillman et al., 2018).
In the following, we provide a brief review of research
that has used hand-tracking measures to investigate the
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dynamics of attention and control, focusing primarily on
research with the flanker task.

Within-trial dynamics
Targeting dissociable processes

In much the same way that Eriksen and colleagues (Coles
et al., 1985; Eriksen et al., 1985; Gratton et al., 1988) used
EMG and dynamometers to investigate how conflict in the
flanker task impacts different response components (e.g.,
EMG onset, squeeze onset, and response time), recent hand-
tracking studies have used the temporal and spatial character-
istics of hand movements to target how different processes
underlying cognitive control function (e.g., Erb et al., 2016;
Scherbaum & Dschemuchadse, 2019; Scherbaum et al., 2010;
Scorolli et al., 2015). For instance, Erb et al. (2016) presented
participants with a reach-tracking version of the flanker task
that featured three response options, with the letters A, B, and
K corresponding to response targets located toward the left,
top-center, and right of the display, respectively. Consistent
with the results of Eriksen et al. (1985) and Coles et al. (1985),
Erb et al. found that the impact of incongruent arrays was
evident in initiation times, with roughly half of the congruency
effect observed in response times (36 ms) present in initiation
times (19 ms).

Erb et al. (2016) also observed a significant congruency
effect in movement trajectories, with larger reach curvatures
observed in incongruent trials relative to congruent trials, sug-
gesting that incongruent arrays generated competing response
activations. In order to confirm that the congruency effect
observed in curvatures did in fact reflect response competi-
tion, Erb et al. plotted participants’ movement trajectories on
congruent and incongruent trials as a function of distractor
letter. As illustrated in Fig. 2a, movement trajectories on in-
congruent trials exhibited an attraction to the response cued by
the distractor letters. For instance, reaches to the center re-
sponse target associated with the letter B were pulled toward
the left response when the distractors were As (AABAA) and
toward the right response when the distractors were Ks
(KKBKK).

To evaluate the effect of the distractors more formally, the
researchers calculated the extent to which movement trajecto-
ries were pulled toward the response cued by the distractor
letters over time on incongruent trials. This calculation was
performed by normalizing the movement trajectories so that
each movement had 101 samples. These normalized trajecto-
ries were then used to calculate the distance between each
sample and the response cued by the distractor letters for each
trial. These distances were averaged for congruent trials and
incongruent trials. Next, distractor attraction scores were
computed by subtracting the average distance value on
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Fig.2 Results from 40 adult participants who completed a reach-tracking
version of the flanker task featuring three response options (Erb et al.,
2016). (a) Average reach trajectories for congruent and incongruent trials
as a function of distractor identity. The color of each line indicates the
identity of the distractor (black = As, dark gray = Bs, and light gray = Ks),
whereas the location of the target indicates the identity of the target

congruent trials from the average distance value on incongru-
ent trials for each of the 101 samples (see Fig. 2b). A positive
score indicates that the hand was, on average, pulled towards
the distractor more at that portion of the movement on incon-
gruent trials relative to congruent trials. These attraction
scores revealed the temporal profile of the distractors’ effect
on movement trajectories, with reaches exhibiting significant
pull toward the response cued by the distractors from 12% to
78% of the movement.

In light of these results, Erb et al. (2016) suggested that
initiation times and curvatures in congruency tasks such as
the flanker task reflect the functioning of two dissociable pro-
cesses underlying cognitive control: a threshold adjustment
process that momentarily puts the “brake” on motor output
when signals of conflict are detected (Aron et al., 2014;
Cavanagh et al., 2011; Frank, 2006), and a controlled selec-
tion process that “steers” response activations by regulating
top-down attentional resources to support goal-driven stimu-
lus-response translation (Shenhav et al., 2013). The function-
ing of these processes can be understood within the context of
dual-route models of the flanker task that features two distinct
processing pathways: a direct pathway that generates response
activations in light of the overall stimulus array, and a control-
demanding pathway that can be directed to select the target
stimulus and then translate the target stimulus into the appro-
priate response (Botvinick et al., 2001; Ridderinkhof et al.,
1995; Shenhav et al., 2013) (see Fig. 3).

On incongruent trials, the direct pathway generates com-
peting response activations. A monitoring process registers
signals of conflict stemming from the incongruent array and
subsequently engages the threshold adjustment process and
the controlled selection process. The threshold adjustment
process briefly inhibits motor output in response to these sig-
nals of conflict, resulting in longer initiation times on
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-10
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(labeled in the figure for clarity). Responses to congruent trials are pre-
sented with solid lines, whereas responses to incongruent trials are pre-
sented in dashed lines. (b) Distractor attraction scores for incongruent
trials, with higher scores indicating greater attraction to the response cued
by the distractor. This figure and caption were produced with data from
Erb et al. (2016) and are presented with permission from the authors

incongruent trials relative to congruent trials. This pause in
motor output is proposed to contribute to speed-accuracy
trade-off effects by providing additional time for the con-
trolled selection process to direct top-down attentional re-
sources to the control-demanding pathway in order to sway
response activations in favor of the goal-relevant response
(Cavanagh et al., 2011; Frank, 2006). In subsequent sections,
we review further research from Erb and colleagues (Erb &
Marcovitch, 2018, 2019; Erb et al., 2018, 2019, 2020) inves-
tigating how the threshold adjustment process and controlled
selection process are modulated by recent experience and
function across the life span.

Categorizing responses

The within-trial dynamics observed with hand-tracking mea-
sures can also be used to separate individual responses into
categories based upon distinctive features, in much the same
way that Coles et al. (1985) separated responses into different
categories reflecting the degree to which the incorrect re-
sponse was activated. This approach enables researchers to
go beyond the patterns observed in group-level averages to
explore specific events of interest at the level of individual
trials. For instance, Song and Nakayama (2008b) developed
a simple visual search task in which participants were asked to
point to the uniquely colored object in a three-item display on
each trial. Responses on each trial were categorized according
to whether movement trajectories were curved and initially
aimed at one of the non-targets, or straight, with minimal
deviation towards non-targets. The authors found that curved
movements were typically initiated at shorter latencies but
exhibited longer movement times. However, response times
(initiation times plus movement times) were similar across
curved and straight trajectories. In other words, for goal-
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Fig. 3 Illustration of key pathways and processes proposed to underlie
flanker task performance on an incongruent trial (a) before the stimulus is
presented, (b) soon after stimulus presentation, and (c¢) shortly before
response completion. Broad arrows illustrate the direct and control-
demanding pathways. Activation levels along these pathways are illus-
trated by the shading within each arrow, with darker shading indicating
higher levels of activation. Thin lines with arrows represent excitatory
connections, whereas thin lines with circles represent inhibitory connec-
tions. Thin dashed lines represent non-active links, whereas thin solid
lines represent active links. (a) Before the stimulus is presented, activation
along the direct pathway and the control-demanding pathway is minimal.
Consequently, response activations are low and the monitoring process
does not register signals of conflict. (b) On incongruent trials, the direct

directed movements, there was no noticeable overall time cost
for making curved rather than straight movements to targets.
Thus, with traditional button-press measurements, the pro-
cesses that generated these two movement types would likely
be indistinguishable. Nevertheless, the distinction between
these movement types provides important data both on
cross-trial dynamics (see next section) and on the temporal
evolution of response conflict resolution. For example, Song
and Nakayama (2008b) analyzed the time course of move-
ment re-direction on curved trajectory trials and found that
curved movements likely did not reflect online corrections
that were initiated after the movement began. Instead, those
curved movements reflected a rapid movement-correction
process in which a second corrective movement plan was
initiated by the participant after the first movement plan was
finalized but before the hand actually started moving.
Similar to the approach used by Song and Nakayama
(2008b), Resulaj et al. (2009) used continuous hand move-
ments to identify changes of mind (also referred to as partial
errors) in which participants re-directed the heading of their
movement from one target to another. Participants completed
a random-dot motion task by moving a handle to a left or right
response target while the two-dimensional path traveled by the
handle was recorded. Participants’ hand movements occasion-
ally exhibited a change of mind, indicating that an initial
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pathway generates activation in favor of both the response cued by the
distractor stimuli (e.g., LEFT) and the response cued by the target stim-
ulus (e.g., RIGHT). The monitoring process registers co-activation be-
tween the competing responses. In response to this conflict, the threshold
adjustment process temporarily halts motor output. (¢) Halting motor
output in this manner is proposed to provide additional time for top-
down resources to be recruited in support of the controlled selection
process, which increases activation along the control-demanding path-
way, thereby swaying response activations in favor of the task-
appropriate response. Elements of this model have been adapted from
Ridderinkhof et al. (1995) and Shenhav et al. (2013). This figure and
caption were reproduced from Erb and Marcovitch (2018) and are pre-
sented with permission from the authors

response tendency was replaced by a subsequent decision.
Resulaj et al. noted that these apparent changes of mind pose
a challenge to prominent accumulator models of decision
making that featured a single decision boundary, as these
models fail to explain how individuals can change their mind
after the decision boundary is met and a response is initiated.
To address this limitation, Resulaj et al. proposed an extension
to the models by suggesting that decision behavior reflects
two distinct boundaries: an initial decision boundary and a
change-of-mind boundary. This line of research is of particu-
lar relevance to the literature on the flanker task given that
accumulator models such as the drift-diffusion model
(Ratcliff & Rouder, 1998) are frequently used to interpret
performance on the task and compare theoretical frameworks
(e.g., Ulrich et al., 2015; White et al., 2011).

One notable advantage of studying changes of mind and
response competition with two- and three-dimensional move-
ments is that more complex motor constraints can be intro-
duced. This, in turn, provides a better framework for under-
standing the reciprocal relationship between perception, atten-
tion, decision-making, and action. For example, Moher and
Song (2014) asked participants to complete a random-dot mo-
tion task similar to that of Resulaj et al. (2009) by pointing to
one of two response boxes on a digital display. However,
unlike prior studies, the locations of the two response boxes
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were not held constant. On some trials, the boxes were close
together. On these trials, the re-directed movement associated
with a change of mind did not cost the participant much addi-
tional time or physical energy. On other trials, the boxes were
placed far apart from each other. On these trials, a change of
mind response took much longer to execute than a direct
movement, and thus incurred significantly greater time and
physical energy costs. Participants changed their mind less
frequently when the boxes were far apart, indicating that an-
ticipated biophysical and time costs can alter decision-making
processes to reduce the level of uncertainty in motor responses
(see also Burk et al., 2014). These results have implications
for understanding how response conflict might be solved de-
pending on the physical environment in which that conflict is
encountered. When changes of mind incur high costs, partic-
ipants may be less tolerant of response uncertainty when plan-
ning and executing motor movements.

Cross-trial dynamics
Targeting dissociable trial sequence effects

The cross-trial dynamics of attention and control have
emerged as a major focus of research in perceptual and cog-
nitive psychology in recent decades (Aschenbrenner &
Balota, 2017; Braem et al., 2019; Duthoo et al., 2014;
Egner, 2007, 2017; Schmidt, 2019). The flanker task has fea-
tured prominently in this research, with scores of studies using
the task to investigate the cognitive and neural mechanisms
underlying prominent trial sequence effects in which aspects
of'a previous trial (trial n-1) impact performance on the current
trial (trial n). The trial sequence effect at the center of these
debates was originally observed in a 2AFC flanker task by
Gratton et al. (1992), and is variously known as the Gratton
effect, congruency sequence effect (CSE), and the sequential
congruency effect (SCE). The effect occurs when the congru-
ency of the current trial interacts with the congruency of the
previous trial, resulting in a larger congruency effect on trials
preceded by a congruent trial (cC and cl trials, where lower-
case letters denote the congruency of the previous trial and
uppercase letters denote the congruency of the current trial)
relative to those preceded by an incongruent trial (iC and il
trials) (see Fig. 4a).

Gratton et al. (1992) originally interpreted the effect in
terms of a repetition expectancy account in which participants
expected the congruency of the current trial to match that of
the previous trial (Duthoo et al., 2014; Egner, 2007).
Botvinick et al. (2001) subsequently reinterpreted the effect
as stemming from conflict-driven modulations of top-down
control. According to this conflict-adaptation account, con-
gruent and incongruent trials demand different scopes of at-
tention and recruit different levels of control, which persist

into the subsequent trial. This carry-over of attentional and
control settings from the previous trial confers a performance
benefit when the demands of the current trial match those of
the preceding trial. On this view, performance is enhanced on
il relative to cI trials because il trials benefit from the recent
recruitment of top-down control in a manner that cl trials do
not. However, the carry-over of attentional and control set-
tings also generates a performance cost when the demands
of the current trial do not match those of the previous trial.
Consequently, performance is impaired on iC relative to cC
trials because the recent recruitment of top-down control on iC
trials decreases attention to the distractors. Given that the
distractors cue the correct response on congruent trials, an
enhanced focus on the target serves to slow responses on iC
relative to cC trials.

The conflict-adaptation account of flanker performance
was subsequently called into question by research investigat-
ing the effect of response-repetition type (Mayr et al., 2003;
Nieuwenhuis et al., 2006). Mayr et al. (2003) found that the
Gratton effect observed in a 2AFC version of the flanker task
was driven by response-repetition trials in which the response
of'the current trial matched that of the previous trial (illustrated
in the right panel of Fig. 4b). Subsequent research by
Nieuwenhuis et al. (2006, Experiment 5) replicated this find-
ing and further demonstrated main effects of trial n congruen-
cy and trial n-1 congruency in response-alternation trials, with
slower response times on incongruent trials and trials preced-
ed by an incongruent trial (illustrated in the left panel of Fig.
4b). From the perspective of the conflict-adaptation account, it
is unclear why the Gratton effect would be specific to
response-repetition trials given that conflict-driven adjust-
ments of top-down control should also occur in response-
alternation trials.

The feature-integration account does offer an explanation
of why the Gratton effect is restricted to response-repetition
trials in 2AFC flanker tasks, however (Hommel, 2004,
Hommel et al., 2004). It proposes that participants form tran-
sient associations among stimulus and response features
called event files. If a member of the event file formed on
the previous trial is activated on the current trial, then all other
members of the previous trial’s event file are also activated. In
the flanker task, this process is proposed to enhance perfor-
mance on full-overlap trials in which the stimulus array and
response from the previous trial are repeated on the current
trial. However, on partial-overlap trials in which some but
not all members of the previous trial’s event file correspond to
the current trial, activating the event file of the previous trial
can impair performance by interfering with the participant’s
ability to bind the appropriate stimulus and response features
together. We will refer to this interference as stimulus-
response (S-R) binding conflict.

In the context of 2AFC versions of the flanker task, all
response-repetition trials featuring the same congruency as
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Fig. 4 Hypothetical data illustrating the various trial sequence effects
observed in the flanker task. (a) The pattern of response time effects
observed by Gratton et al. (1992) in a 2AFC version of the flanker task.

(b) The pattern of response time effects observed when both congruency
repetition and response repetition effects are analyzed (e.g., Mayr et al.,

>

the previous trial (i.e., cC-r and il-r trials, where “-1”” denotes a
response repetition) are full-overlap trials, whereas all
response-repetition trials featuring a different congruency than
the previous trial (i.e., iC-r and cl-r trials) are partial-overlap
trials. Consequently, the Gratton effect observed in response-
repetition trials can be understood to reflect S-R binding con-
flict on iC-r and cl-r trials as well as response facilitation on
c¢C-r and il-r trials. On this view, the Gratton effect is not
observed in response-alternation trials because the trials nec-
essarily feature a different response and stimulus array than
the previous trial.

Although the feature-integration account offers a compel-
ling explanation of why the Gratton effect is observed in
response-repetition trials but not response-alternation trials,
it does not offer a straightforward explanation of why
response-alternation trials reveal a significant main effect of
trial n-1 congruency, with slower responses on trials preceded
by an incongruent trial than those preceded by a congruent
trial. Erb and Marcovitch (2018) proposed that the different
patterns of effects observed in response-alternation trials and
response-repetition trials resulted from the combination of
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2003; Nieuwenhuis et al., 2006). (¢) The patterns of effects observed in
initiation time and (d) reach curvature by Erb et al. (2016) in a three-
response version of the flanker task. This figure and caption were adapted

from Erb and Marcovitch (2018) and are presented with permission from
the authors

distinct trial sequence effects impacting the threshold adjust-
ment process and controlled selection process.

In the three-response version of the flanker task men-
tioned earlier, Erb et al. (2016) observed distinct trial se-
quence effects in initiation times and reach curvatures.
Initiation times were slower on incongruent trials and trials
preceded by an incongruent trial (see Fig. 4c), whereas
reach curvatures were small on congruent trials, middling
on il trials, and largest on cI trials (see Fig. 4d). The re-
searchers interpreted the pattern of effects observed in ini-
tiation times to reflect the threshold adjustment process,
with conflict on incongruent trials resulting in heightened
response thresholds that were carried over into the subse-
quent trial. These heightened response thresholds result in
slower initiation times on trials preceded by an incongruent
trial, a phenomenon referred to as post-conflict slowing by
Verguts et al. (2011). Curvatures, on the other hand, were
interpreted to reflect the controlled selection process, with
S-R binding conflict on incongruent partial-repetition trials
leading to delays in the controlled selection process’ ability
to sway response activations in favor of the response cued
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by the target stimulus. In support of this interpretation, the
researchers found that the difference between cl and il
trials observed in reach curvatures disappeared when
response-repetition trials were excluded from analysis.

In order to directly test their account of the Gratton effect
observed in 2AFC flanker tasks, Erb and Marcovitch (2018)
presented participants with a reach-tracking version of the task
featuring two response options and arrow stimuli. Response
times revealed a significant Gratton effect, replicating the
results of Gratton et al. (1992) (see Fig. 5a). Consistent with
the results of Mayr et al. (2003) and Nieuwenhuis et al.
(2006), the Gratton effect observed in response times was
driven entirely by response-repetition trials, with response-
alternation trials revealing significant main effects of trial n
congruency and trial n-1 congruency (see Fig. 5b). As predict-
ed, the patterns of effects observed in response times reflected
a combination of the trial sequence effects observed in initia-
tion times and reach curvatures. Initiation times revealed ro-
bust effects of trial n congruency and trial n-1 congruency in
both response-alternation trials and response-repetition trials

(see Fig. 5¢). Conversely, reach curvatures were small on
congruent trials, middling on incongruent trials not featuring
S-R binding conflict (iC-s, il-s, and il-r trials), and largest on
incongruent trials featuring S-R binding conflict (cI-r trials)
(see Fig. 5d).

One potential limitation of the study by Erb and
Marcovitch (2018) concerned the possibility that the 2AFC
version of the flanker task used in the study may have featured
unacknowledged feature-integration effects. For instance, al-
though response-alternation trials did not feature the same
stimulus array as the preceding trial, elements within the ar-
rays could repeat on these trials (e.g., < < < < < followed by <
<> < < ). In order to address this potential limitation and
directly evaluate the impact of feature integration effects on
initiation times and curvatures, Erb et al. (2019) designed a
two-response version of the Stroop task that featured two dis-
tinct stimulus sets. One stimulus set was constructed using the
colors red and blue, and the other stimulus set was constructed
using the colors green and orange. Stimuli from these different
sets were presented in a randomized order within each block
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Fig. 5 Results from a reach-tracking version of a two-alternative forced-
choice flanker task that featured 135 participants, with equal numbers of
6- to 8-year-olds, 10- to 12-year-olds, and adults. (@) Response times
replicated the results originally reported by Gratton et al. (1992). (b)
Response times also replicated the results of Mayr et al. (2003) and
Nieuwenhuis et al. (2006) when response repetition type (alternation vs.
repetition) was evaluated. (¢) Initiation times revealed main effects of trial
n congruency and trial n-1 congruency on both response repetition and
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response-alternation trials. (d) Reach curvatures revealed a significant
interaction among trial n congruency, trial n - 1 congruency, and
response repetition type. Notably, the pattern of effects observed in
response times reflected a combination of the patterns of effects
observed in initiation times and curvatures. Error bars display standard
errors. This figure was adapted from Erb and Marcovitch (2018) and is
presented with permission from the authors
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of trials. This design allowed for a subset of confound-mini-
mized trials to occur in which no aspect of the stimulus or
response from the previous trial repeated on the current trial.
The design also allowed the researchers to evaluate perfor-
mance on sef-repeat trials in which stimulus and response
elements from the previous trial could repeat on the current
trial.

Once again, initiation times were significantly slower on
incongruent trials relative to congruent trials and on trials pre-
ceded by an incongruent trial relative to those preceded by a
congruent trial. Further, this pattern of effects was observed in
both the confound-minimized trials and the set-repeat trials,
indicating that the initiation time results previously reported
by Erb and colleagues (Erb & Marcovitch, 2018; Erb et al.,
2016, 2018) were not solely the result of unacknowledged
feature integration effects. Reach curvatures did reveal a pro-
nounced difference between confound-minimized and set-
repeat trials, however, with a significant Gratton effect ob-
served in set repeat trials but not confound-minimized trials.
These results presented further evidence that the functioning
of the controlled selection process is particularly sensitive to
feature integration effects, with S-R binding conflict delaying
the process’ ability to form the appropriate stimulus-response
associations and sway response activations in favor of the
goal-relevant response.

Scherbaum and colleagues (Scherbaum &
Dschemuchadse, 2019; Scherbaum et al., 2010) have further
explored the cross-trial dynamics of attention and control by
developing a time-continuous multiple regression (TCMR)
analysis to identify how different factors impact movement
heading over the course of response. For example,
Scherbaum and Dshemuchadse (2019) used this analysis to
evaluate how movement trajectories in a mouse-tracking ver-
sion of the flanker task were impacted by the trial n congru-
ency, response repetition type (alternation vs. repetition), and
the Gratton effect. The researchers extracted distinct temporal
profiles for each factor and found that the effect of response
repetition type on movement trajectories was weaker, more
prolonged, and peaked earlier than the effect of trial n congru-
ency. The Gratton effect peaked between the effects of re-
sponse repetition type and trial n congruency, and had a sub-
stantially weaker effect on movement trajectories than either
of' the other factors. As noted by the researchers, this approach
to analyzing movement trajectories presents a more nuanced
view of the sub-processes underlying performance than sum-
mary measures like curvature and area under the curve.

Changes of mind in trial sequence effects
Assessing the spatial dynamics of hand movements on a trial-
to-trial basis can also be used to examine how qualities of a

participant’s movement trajectory on the previous trial pre-
dicts performance on the current trial. Previous research with
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button-press measures have explored this topic by, for exam-
ple, examining post-error slowing (e.g., Rabbitt & Rodgers,
1977) and post-conflict slowing (Verguts et al., 2011).
However, the rich datasets generated by reach movements
allow for a more fine-grained analysis of these cross-trial
dynamics.

For example, Moher and Song (2013) separated accurate
responses from a visual search task into two types: partial
errors in which the participant began reaching towards a
non-target distractor before the target was ultimately selected,
and direct movements in which the participant’s hand moved
directly towards the target with little deviation. Even in this
relatively simple task, partial errors were observed in 18.5% of
trials, highlighting the crucial role of online error monitoring
in adaptive behavior. Furthermore, the occurrence of a partial
error on one trial predicted performance on the subsequent
trial. Specifically, movement time and movement curvature
were greater on trials preceded by a partial error relative to
trials preceded by a direct movement. Critically, however, this
effect was only observed when the color of the target (which
was the target-defining feature) was repeated from trial n-1 to
trial n. This result suggests that, much like other sequence
effects observed in the button-press literature, sequence ef-
fects involving partial errors are dependent upon a repetition
of' task context from one trial to the next (e.g., Hommel, 2004;
Hommel et al., 2004). Finally, these effects were robust across
time; a partial error on a single trial could have cascading
effects on movement parameters across many subsequent tri-
als, similar to the long-ranging priming effects observed in
studies of visual search (e.g., Maljkovic & Nakayama,
1994). These results highlight the value of reach-tracking in
uncovering dynamic behavior that is driven by moment-to-
moment fluctuations in the participants’ behavior rather than
moment-to-moment changes in task parameters.

Erb and Marcovitch (2019) investigated changes of mind
using a reach-tracking version of the Simon task. Participants
were instructed to touch a left response option on a digital
display when one target stimulus appeared (e.g., a heart) and
a right response option when another target stimulus appeared
(e.g., a sun). On congruent trials, the target stimulus would
appear under the appropriate response option (e.g., the heart
would appear under the left response option), and on incon-
gruent trials, the target stimulus would appear under the inap-
propriate response option (e.g., the heart would appear under
the right response option). Thus, in contrast to standard ver-
sions of the flanker task (e.g., Zelazo et al., 2013), the location
of the target stimulus can change from one trial to the next in
the Simon task.

This difference between standard versions of the flanker
task and the Simon task is of particular relevance to the current
discussion for two reasons. First, presenting the target stimu-
lus at different locations can allow for feature integration ef-
fects to occur on a wider range of trials because stimulus
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location can repeat or alternate from one trial to the next.
Second, manipulating the location of the target stimulus in
the Simon task also presents an opportunity for participants
to form expectations regarding how to respond to the upcom-
ing trial (Duthoo et al., 2013). For instance, participants might
be biased to approach the target stimulus following congruent
trials and to avoid the target stimulus following incongruent
trials.

The manipulation of target location in the Simon task en-
abled Erb and Marcovitch (2019) to compare different ac-
counts of the Gratton effect by evaluating the frequency with
which changes of mind occur on different trial types. For
instance, the conflict-adaptation account (Botvinick et al.,
2001) proposes that response times are slower on iC relative
to cC trials in the Simon task because participants down-
regulate their attention to the location of the target stimulus
following an incongruent trial. In the case of iC trials, this
results in impaired performance because the target’s location
cues the correct response on congruent trials. On this account,
participants’ hand movements should not be pulled toward the
incorrect response on iC trials because all of the information
presented on these trials cues the correct response. In contrast,
the feature-integration account (Hommel, 2004; Hommel
et al., 2004) and expectancy-based accounts (Duthoo et al.,
2013; Erb & Aschenbrenner, 2019) predict that participants
would be more likely to activate the incorrect response on iC
than ¢C trials because of partially overlapping stimulus and
response features or because of expectations regarding the
congruency of the upcoming trial.

To compare these accounts, Erb and Marcovitch (2019)
evaluated how frequently changes of mind occurred in the
Simon task. Consistent with the predictions of the feature-
integration account and expectancy-based accounts, changes
of mind occurred significantly more often on iC than cC trials,
indicating that the incorrect response was more likely to be
generated at the outset of iC relative to cC trials, despite the
fact that neither the identity of the stimulus (heart vs. sun) nor
the location of the stimulus (left vs. right) cued the incorrect
response on iC trials. This finding highlights the important
role that measuring the spatial characteristics of responses
can play in testing competing theories given that temporal
measures such as movement time and response time cannot
be used to identify changes of mind in this manner.

Developmental dynamics

Reach tracking

In addition to playing a major role in advancing research and
theory on the within- and cross-trial dynamics performance,

the flanker task has been standardized by the US National
Institutes of Health to assess attention and control across the

life span (Zelazo et al., 2013). Developmental investigations
of flanker performance indicate that the congruency effect
observed in response times follows a U-shaped developmental
trajectory, with the size of the effect decreasing rapidly during
childhood, reaching its lowest level at some point in early or
middle adulthood, and subsequently increasing across late
adulthood (Luna, 2009; Luna et al., 2004; Waszak et al.,
2010). Although button-press versions of the task have been
instrumental in furthering our understanding of how attention
and control change across the life span, discrete button presses
offer limited insight into how the within- and cross-trial dy-
namics of performance change across development.

To address this limitation of button-press measures, Erb
and colleagues (Erb & Marcovitch, 2018; Erb et al., 2018,
2020) have used reach-tracking versions of the flanker task
to investigate (a) whether initiation times and reach curvatures
can be used to target the functioning of the threshold adjust-
ment process and controlled selection process in children and
older adults and, if so, (b) the extent to which these processes
contribute to age-related differences in performance. For ex-
ample, Erb et al. (2018) presented children aged 5-10 years
old and young adults with a 2AFC flanker task featuring child-
friendly stimuli (i.e., cartoon fish facing different directions).
Both age groups revealed significant main effects of trial n
congruency and trial n-1 congruency in initiation times and
the size of the congruency effect observed in initiation times
did not differ between the two age groups, indicating that the
threshold adjustment process functions similarly in children
and young adults.

The two age groups also revealed a similar pattern of ef-
fects in reach curvatures, with small curvatures on congruent
trials, middling curvatures on incongruent trials not featuring
S-R binding conflict (iC-s, il-s, and il-r trials), and large cur-
vatures on incongruent trials featuring S-R binding conflict
(cI-r trials). However, curvatures also revealed a significant
age-related decrease in the size of the congruency effect, with
follow-up analyses indicating that the effect was driven by an
age-related decrease in the impact of S-R binding conflict on
cl-r trials. This finding suggests that the age-related gains in
flanker performance observed between childhood and adult-
hood are driven primarily by changes in the functioning of the
controlled selection process, with young adults better able to
manage S-R binding conflict than children. As noted by Erb
et al. (2018), this interpretation is consistent with research by
Hommel et al. (2011) indicating that the effect of S-R binding
conflict decreases between middle childhood and adulthood.

To examine the developmental trajectory of flanker perfor-
mance in greater detail, Erb and Marcovitch (2018) presented
6- to 8-year-olds, 10- to 12-year-olds, and young adults with a
2AFC flanker task featuring arrow stimuli. Once again, initi-
ation times in each of the age groups were significantly slower
on incongruent trials and trials preceded by an incongruent
trial, with this pattern observed in both response-repetition
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trials and response-alternation trials. Similarly, reach trajecto-
ries in each of the age groups revealed small curvatures on
congruent trials, middling curvatures on incongruent trials not
featuring S-R binding conflict (iC-s, il-s, and il-r trials), and
large curvatures on incongruent trials featuring S-R binding
conflict (cl-r trials).

A number of age-related differences in the size of the con-
gruency effect were also observed. For instance, initiation
times revealed a significant decrease in the size of the congru-
ency effect between the 6- to 8-year-old group and the 10- to
12-year-old group, whereas reach curvatures revealed a sig-
nificant reduction in the congruency effect between each of
the age groups (see Fig. 6a—c). Taken together, these results
indicate that the threshold adjustment process follows a more
constrained developmental trajectory than the controlled se-
lection process, reaching adult-like levels by as early as 10—12
years of age. Conversely, the controlled selection process ap-
pears to follow a more protracted developmental trajectory
extending into adolescence or early adulthood. Further, these
findings suggest that the age-related gains in performance ob-
served between middle childhood and early adulthood in
button-press versions of the task are driven primarily by
changes in the functioning of the controlled selection process.

In light of previous research indicating that the congruency
effect observed in response times increases between early and
late adulthood (Waszak et al., 2010), Erb et al. (2020) present-
ed young adults and older adults 65-75 years of age with the

same 2AFC flanker task used by Erb and Marcovitch (2018).
Consistent with the results from button-press tasks, response
times revealed a significant age-related increase in the size of
the congruency effect between early and late adulthood.
Interestingly, this age-related increase was driven almost en-
tirely by initiation times, with neither movement times nor
curvatures showing significant age-related changes in the size
of the congruency effect (see Fig. 6¢ and d).

As noted by Erb et al. (2020), these findings demon-
strate that the functioning of the threshold adjustment pro-
cess is modulated by aging. However, the underlying
causes of this modulation are not currently clear, nor is
the effect of age on the controlled selection process. For
instance, the effect could stem from strategic performance
modulations in which older adults were particularly moti-
vated to avoid errors or large reach curvatures and, con-
sequently, delayed response initiations for longer periods
when signals of conflict were detected (Lustig & Jantz,
2015; Yee & Braver, 2018). Alternatively, the results
could reflect age-related reductions in the integrity of
white matter tracts connecting the pre-supplementary mo-
tor area and the subthalamic nucleus, two regions linked
to the threshold adjustment process (Coxon et al., 2012).
Although future research is needed to evaluate these pos-
sibilities, the results of Erb et al. demonstrate how hand-
tracking measures can be used to provide a more detailed
view of aging’s impact on attention and control.
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Fig. 6 The top panel presents the size of the congruency effect observed
Erb and Marcovitch (2018) in the (@) response times, (b) initiation times,
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adults. The bottom panel presents the size of the congruency effects
observed by Erb et al. (2020) in the (c) response times, initiation times,
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movement times, and (d) curvatures of young and older adults. *p < .05,
**p < .01, and ***p < .001. This figure was adapted from Erb and
Marcovitch (2018) and Erb et al. (2020) and is presented with permission
from the authors
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Mouse tracking

A number of mouse-tracking studies have also explored the
developmental dynamics of attention and control in the
flanker task. For example, Hermens (2018) presented partici-
pants 3—11 years of age with a mouse-tracking task in which a
target (an arrow) and a distractor were presented simulta-
neously on a screen, with each stimulus cueing either a left
or a right response. The distractor was presented below the
target and could be one of three types: a pair of eyes, a hand, or
another arrow. Consistent with previous research from adults
(Hermens et al., 2017), Hermens found that the effect of in-
congruent distractors was more pronounced when the
distractor was an arrow or a hand than a pair of eyes, suggest-
ing that the shape of the stimulus influenced attention more
than its biological relevance. The results also indicated that
mouse-tracking can be an effective research technique with
children as young 3—4 years of age.

Incera and McLennan (2018) used mouse-tracking ver-
sions of the flanker task and Stroop task to investigate the
effects of aging and bilingualism on executive control in
participants 1879 years of age. Movement trajectories
failed to reveal effects of bilingualism or aging on the
size of the congruency effect observed in the flanker task,
similar to the curvature results from Erb et al. (2020)
reviewed above. Bilingualism and age did have a signifi-
cant impact on movement trajectories in the Stroop task,
however. These results highlight the importance of con-
sidering how different congruency tasks engage attention
and control across the life span and underscore the poten-
tial of using hand-tracking techniques to explore the na-
ture of these differences.

Open Questions and Future Directions

An important question for future research to address con-
cerns the extent to which initiation times and reach curva-
tures are impacted by stimulus-level and response-level
conflict. In the context of the flanker task, these different
types of conflict can be targeted by mapping multiple stim-
uli to the same response. For example, Eriksen and Eriksen
(1974) presented participants with a flanker task in which
the letters H and K were mapped to one response (e.g., left)
and the letters S and C were mapped to another response
(e.g., right). This allowed the researchers to compare per-
formance across trials in which the target and distractors
were visually identical (e.g., HHHHH), trials in which the
target and distractors were visually dissimilar but neverthe-
less cued the same response (stimulus-level conflict; e.g.,
KKHKK), and trials in which the target and distractors
were visually dissimilar and cued competing responses
(stimulus- and response-level conflict; e.g., SSKSS).

Although none of the hand-tracking studies reviewed
above directly evaluated the relative contributions of
stimulus- and response-level conflict, the distractor attraction
scores reported by Erb et al. (2016) indicate that the height-
ened reach curvatures observed on incongruent trials in the
flanker task reflect the activation of the response cued by the
flankers (i.e., response-level conflict). Interestingly, distractor
attraction scores from the Stroop task did not reveal a signif-
icant pull towards the response cued by the distractor on il
trials even though curvatures were elevated on il trials relative
to congruent trials. As noted by Erb et al., these findings
suggest that the heightened curvatures observed on il trials
in the Stroop task stemmed from stimulus-level rather than
response-level conflict. Consequently, future research should
examine the extent to which stimulus- and response-level con-
flict contribute to the within-trial, cross-trial, and developmen-
tal dynamics observed across a range of control tasks. This
future direction is particularly important to explore in light of
previous research indicating that the cross-trial dynamics ob-
served in button-press measures of response time may reflect
stimulus-level instead of response-level conflict (Lamers &
Roelofs, 2011; Notebaert & Verguts, 2006; Verbruggen
et al., 2006).

Future research should also explore how the patterns of
effects observed in hand-tracking measures are impacted by
arange of task manipulations known to impact performance in
button-press versions of the task. In the flanker task, such
manipulations could include varying response-to-stimulus in-
tervals (RSIs), the number of flankers presented, the time be-
tween target and flanker presentation, and the types of stimuli
featured as targets and distractors. For instance, it is important
to note that certain stimuli like English letters may be proc-
essed as independent elements in the flanker task (e.g.,
SSHSS), whereas other stimuli such as arrows may be proc-
essed more holistically as geometrical patterns (e.g., <<< and
<><). Consequently, attention and control are likely to be
engaged in different ways across different versions of the task
(e.g., Luo & Proctor, 2016).

Conclusion

The current article explored C. W. Eriksen’s enduring contri-
butions to research and theory on the dynamics of attention
and control by highlighting continuities between early re-
search with the flanker task using EMG and dynamometers
and more recent research using hand-tracking techniques. In
addition to prompting Eriksen and colleagues (Coles et al.,
1985; Eriksen et al., 1985; Gratton et al., 1988) to test the
continuous flow model with continuous measures of behavior,
the flanker task has featured prominently in research (a) ex-
ploring how the processes underlying attention and control
unfold over the course of a response (Erb et al., 2016;
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Eriksen et al., 1985; Ridderinkhof et al., 1995), (b) investigat-
ing the cognitive and neural mechanisms underlying promi-
nent trial sequence effects (Egner, 2017; Erb & Marcovitch,
2018; Gratton et al., 1992; Mayr et al., 2003; Scherbaum &
Dshemuchadse, 2019), and (c) assessing how attention and
control change across the life span (Erb et al., 2020; Incera
& McLennan, 2018; Zelazo et al., 2013). Critically, many of
the empirical and theoretical developments presented in this
review resulted from efforts to move away from an overreli-
ance on button-press measures. As hand-tracking techniques
become more widely utilized, we anticipate further advance-
ments in our understanding of the interplay between cognition
and action and the continuous flow of information that con-
nects them. It is our hope that the present article encourages
researchers exploring the dynamics of attention and control to
adopt continuous measures of behavior as well as a more
continuous view of the mind in action.
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