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Abstract
In a circular visual search paradigm, the disengagement of attention is automatically delayed when a fixated but irrelevant center
item shares features of the target item. Additionally, if mismatching letters are presented on these items, response times (RTs) are
slowed further, while matching letters evoke faster responses (Wright, Boot, & Brockmole, 2015a). This is interpreted as a
functional reason of the delayed disengagement effect in terms of deeper processing of the fixation item. The purpose of the
present study was the generalization of these findings to unfamiliar symbols and to linear instead of circular layouts. Experiments
1 and 2 replicated the functional delayed disengagement effect with letters and symbols. In Experiment 3, the search layout was
changed from circular to linear and only saccades from left to right had to be performed. We did not find supportive data for the
proposed functional nature of the effect. In Experiments 4 and 5, we tested whether the unidirectional saccade decision, a
potential blurring by adjacent items, or a lack of statistical power was the cause of the diminished effects in Experiment 3.
With increased sample sizes, the delayed disengagement effect as well as its functional underpinning were now observed
consistently. Taken together, our results support prior assumptions that delayed disengagement effects are functionally rooted
in a deeper processing of the fixation items. They also generalize to unfamiliar symbols and linear display layouts.
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Introduction

Imagine that you are driving your car on the highway and
you notice a traffic sign that you have never seen before.
This sign captures your attention and you will keep
looking at it to figure out what it means. Now how does
your visual system determine such an attentional dwell
time on specific objects in the visual scene? In a standard
visual search task, attention can be captured by irrelevant
items that are the most salient objects in the search dis-
play (Theeuwes, 1994, 2004). This influence is described
as bottom-up or stimulus-driven capture. In addition, at-
tention can be captured by items that are irrelevant but
have some prominent features in common with the search

target (Folk, Remington, & Johnston, 1992; Leber &
Egeth, 2006), a process typically referred to as top-down
or goal-directed.

Irrelevant but target-similar items also attract attention even
when they occur at a place where the target item cannot ap-
pear, an effect referred to as contingent capture (Folk et al.,
1992; Folk, Leber, & Egeth, 2002). In a classical contingent
capture study (Folk et al., 2002), observers had to identify a
target object within a rapid serial visual presentation stream.
On some trials, irrelevant color singletons (distractors) ap-
peared in the periphery. The authors showed that target iden-
tification decreased if the distractors had the same color as the
target. In this case, attention briefly shifted to the irrelevant
peripheral objects. Brockmole and Boot (2009) note that such
contingent capture studies typically only investigated the pull
of attention towards irrelevant items in the periphery. They
reason that not only pulling attention towards peripheral ob-
jects but also holding attention at specific objects is an impor-
tant determinant of visual processing. In their study, they were
able to show that color singletons not only captured attention
when presented in the periphery, but also held attention (i.e.,
delayed the disengagement) when presented at fixation.
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Critically, fixation items only delayed attention when they
were unique (singletons) and unexpected (novel color) at the
same time, that is, bottom-up salience alone was not sufficient
to hold attention at fixation (cf. Born, Kerzel, & Theeuwes,
2011b, who found that dwell time was driven by target-
distractor similarities). Therefore, they attribute top-down fac-
tors as being the major determinant of the delayed disengage-
ment effect. In another delayed disengagement study (Boot &
Brockmole, 2010), observers were requested to saccade away
from an always irrelevant center object to a target-colored
object out of several objects that were presented in a circular
arrangement. The participants had to decide which of two
possible letters was contained in the target object. In this cir-
cular layout, the center object also served as a distractor. If the
distractor color matched the target color (i.e., is related to the
observer’s task goal) or was presented unexpectedly, saccadic
latency increased significantly (Boot & Brockmole, 2010;
Brockmole & Boot, 2009). These findings indicate a consis-
tent delay in disengagement depending on the attentional set
of the observer even if the irrelevant object does not exactly
match the search target’s features (Blakely, Wright, Dehili,
Boot, & Brockmole, 2012; Wright, Boot, & Jones, 2015b),
and suggest that top-down factors are critical to the delay.

Wright, Boot, and Brockmole (2015a) suggested that these
delays serve a functional purpose. They proposed two alter-
native explanations of delayed disengagement effects. It could
be either because of “a need to allocate additional time to
locating the peripheral target or to filtering/inhibiting the fix-
ated item” or because it encourages deeper levels of process-
ing. In their delayed disengagement study, the authors found a
letter congruency effect but only for target-similar distractors
at fixation: When attention is captured by a distractor that has
features similar to the attentional set, the observer processes
the distractor and its features at a deeper level. More precisely,
they hypothesized that only if an irrelevant but fixated object
shares the same color with the target object, the inner letters
from distractor and target object are processed. Matching in-
ner letters in target and target-similar distractors are processed
faster than non-matching inner letters (Wright, Boot, &
Brockmole, 2015a). They conclude that through the engage-
ment of top-down control, items that share features with the
target object in the attentional set could delay disengagement
because such items “receive more scrutiny” and are processed
more deeply. This deeper processing of target-similar items is
thought to aid in identifying relevant target objects
(Belopolsky, Schreij, & Theeuwes, 2010; Wright, Boot, &
Jones, 2015b) and prevent premature disengagement from
“candidate” target objects. Delaying the disengagement from
target “candidates” can only facilitate search performance if
such a delay is accompanied by a deeper (more detailed) pro-
cessing of the attended item. Therefore, investigating the
(functional) reason for the delayed disengagement can provide
insight into mechanisms of visual processing during visual

search in distracting environments. Critically, it was recently
found that the attentional dwell time at a distractor location
scales with search difficulty and is an important determinant
of the widely discussed attentional capture effects (Gaspelin,
Ruthruff, & Lien, 2016). This frames the delayed disengage-
ment effect as directly related to attentional capture effects.
Accordingly, investigating the functional reason for the de-
layed disengagement effect seems to promise a deepening of
our understanding of attentional capture mechanisms.

Because the Wright, Boot, and Brockmole (2015a) study
remains the only study that described delayed disengagement
as functional in terms of deeper processing of the fixation
item, we remained unconvinced that a deeper level of process-
ing caused the delay in disengagement from the center circle
because of their choice of stimuli. Using letters as stimuli for
response decisions might not be ideal because they are espe-
cially familiar to the observers. Treisman and Gelade (1980)
already stated that “letters have long been controversial units
in perceptual theory.” They might even be automatically proc-
essed as a whole without attentional effort (Laberge, 1973)
and further automatically recruit a sensory-motor brain net-
work (James&Gauthier, 2006), whichmight subserve autom-
atized response processes. To get an untainted picture of the –
hypothesized – general functional nature of the delayed dis-
engagement effect (i.e., deeper processing of fixation items), it
seems reasonable to use unfamiliar symbols that are less au-
tomatically processed than letters. In Experiment 1, we repli-
cated Wright, Boot, and Brockmole (2015a) without eye
tracking. Experiment 2 was intended to reveal similar color
congruency effect and letter congruency effects as in
Experiment 1 and in Wright, Boot, and Brockmole (2015a).
However, in Experiment 2 we opted for unfamiliar star-like
shapes with six or eight corners that were hard to discriminate
(as ensured in a pre-test comparison of triangles, squares, and
star-like shapes).

To the best of our knowledge, the delayed disengagement
effect – and its hypothesized function – was reported exclu-
sively in connection with using circular search displays. In
such circular layouts, the search target can be in any direction
from the center circle. However, in everyday life, wemove our
eyesmost often horizontally. Vertical and oblique saccades are
less accurate and generally slower (Becker & Jürgens, 1990).
Horizontal saccades are more “natural” and performed faster,
in terms of both saccadic latency and peak velocity. It is there-
fore possible that the delayed disengagement effect appears
the most robust (i.e., with less variance) in experimental de-
signs that only incorporate horizontal eye movements. For this
reason, a corresponding design was adapted in Experiment 3:
All seven circles were now arranged in a straight line with the
starting circle always being the left-most one. This means that
to perform the task, only left-to-right-saccades have to be
made. With such a linear search display we can additionally
test whether delayed disengagement and functional delayed

Atten Percept Psychophys (2020) 82:637–654638



disengagement is dependent on unforeseen characteristics of
the kind of layout configuration. Experiment 4 was set-up post
hoc, because we did not find a general letter congruency effect
in Experiment 3 (see below). Consequently, in Experiment 4,
we built on Experiment 3 to differentiate between two possi-
ble explanations of the missing letter congruency effect in
Experiment 3. Either the delay in disengagement was the re-
sult of deeper processing, but the letter congruency effect –
thought to be indicative of this – was too fragile and overwrit-
ten before the target was reached, or the delay in disengage-
ment was a result of the layout configuration and is generally
not accompanied by deeper processing of the fixation item in
linear designs (for a detailed description, see discussion of
Experiment 3 and introduction of Experiment 4).

Experiment 1 - Letters

Experiment 1 aimed to replicate the behavioral findings of
Wright, Boot, and Brockmole (2015a). The major interest
lay in successful replication of the letter congruency effect.
This means that only if the center circle and target circle are
of the same color, RTs are expected to be slower when the
inner letters do not match (i.e., are incongruent).

Methods

Participants In Experiment 1, we replicated the study of
Wright, Boot, and Brockmole (2015a) with 37 students (17
females and 19 males; 19–38 years old,M = 24.3, SD = 4.52)
of the Bundeswehr University Munich. All participants had
normal or corrected-to-normal vision. They provided in-
formed consent and were given course credit as compensation
for their participation.

Setup The tasks were presented on an Asus LCD 144-Hz
screen at a distance of 68 cm. Button presses were recorded
with the Black Box ToolKit USB response pad (The Black
Box ToolKit Ltd). The visual search displays constituted of
six gray circles (RGB: 196, 196, 196) that were positioned at a
visual angle of 7.8° around a center circle on a white back-
ground. Each circle (1.4° radius) contained a smaller gray
circle (.3° radius) except for the center circle, which contained
both a gray circle (.6° radius) and a black-lined square (.6°
radius). In each trial, participants had to fixate the center circle
presented for 500, 1,000, or 1,500 ms, whereas presentation
times were counterbalanced and distributed randomly.
Immediately afterwards, all circles changed their color simul-
taneously. The center circle changed to green (RGB: 0, 255,
0), red (RGB: 255, 0, 0), or blue (RGB: 0, 0, 255), four of the
six peripheral circles changed to yellow (RGB: 255, 255, 0),
one to the target color (green or blue), and one to red. Target
color was implemented as a between-subject condition

counterbalanced across participants. At the same time as the
color changes, letters (A, F, H, O, U, and target letter ‘C’ or
‘Ͻ’; 0.4° × 0.4°) appeared in the six peripheral circles and the
square in the center circle changed to a ‘C’ or a ‘Ͻ’ (congruent
or incongruent with the target letter). The color of the center
circle and its inner letter predicted neither the location nor the
letter of the target circle. Distractor location, target location,
target letter identity (‘C’ or ‘Ͻ’), and center letter identity (‘C’
or ‘Ͻ’) were counterbalanced and presented in random order
(see Fig. 1).

One difference between our study and that ofWright, Boot,
and Brockmole (2015a) was that we did not employ eye track-
ing in this experiment. This implies that we had to adapt the
calculation of the RTs. In the original study, (manual) RTs
were measured from the time of the first fixation after an
accurate saccade to the target circle until button press. Since
this is not possible without eye tracking, we measured “clas-
sical” RTs from the time the search display was uncovered
until button press. Also, in contrast to the original study, we
did not mask the center letter after oculomotor disengagement
from the fixation item.

Task The instruction was to look at the target-colored circle
(green or blue) as quickly as possible and press one of the
buttons to indicate the answer, left button for ‘C’ and right
button for ‘Ͻ’, respectively. The colors and letters of all other
circles, even the center circle, were task irrelevant and were to
be ignored. The participants completed 360 trials in total. The
first 20 trials were for practice and were not included in
analyses.

Results

We did not exclude any outliers based on response times.
Accuracy did not interact with RT distributions, F(2, 68) =
1.46, p = .24, η2 = .04, and error rate was below 1% in all
conditions; therefore, we only analyzed correct trials. Further,
we report median RTs per participant and condition.
Calculations were done using jamovi 0.9 (jamovi project,
2018) .

To test the hypothesis that congruent colors lead to slower
RTs compared to incongruent colors (color congruency ef-
fect), we first averaged over both congruent-center target
and incongruent-center target color combination conditions.
In the following, blue-blue and green-green combinations
are referred to as congruent combinations, blue-green and
green-blue as incongruent combinations, and red-green and
red-blue as neutral combinations.1 We applied a similar logic

1 We did this because in the Wright, Boot, and Brockmole (2015a) study,
effect sizes were quite small and there were no significant differences between
the afore-mentioned conditions, either in Wright, Boot, and Brockmole or in
our raw RTs, F(1, 34) = 1.72, p = .20, η2 = .048.
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to letter congruency regarding combinations of the center and
target circle: C-C-combinations and Ͻ-Ͻ combinations are
referred to as congruent combinations, Ͻ-C or C-Ͻ combina-
tions are referred to as incongruent combinations.

To test for a slowdown in RTs for congruent letter combi-
nations as compared to incongruent letter combinations, a
repeated-measures ANOVAwas calculated with color congru-
ency (neutral, incongruent, or congruent) and letter congruen-
cy (incongruent or congruent) as within-subject factors. The
main effect for color congruency was highly significant, F(2,
72) = 34.59, p < .001, η2 = .49. The main effect for letter
congruency was not significant, F(1, 36) = 0.30, p = .059, η2

= .008. The interaction was significant, F(2, 72) = 15.55, p <
.001, η2 = .30. According to Boot and Brockmole (2010), the
color congruency effect indicates oculomotor capture, which
they interpreted as delayed disengagement. A slowdown for
congruent color combinations (compared to incongruent or
neutral combinations) is supposed to be a prerequisite for the
functional delayed disengagement (in a sense of deeper pro-
cessing of the fixation item), and only then is the letter con-
gruency effect expected as observed in Wright, Boot, and
Brockmole (2015a). Therefore, in post hoc tests, we
contrasted the color combinations and revealed significant
differences for neutral (695 ms) versus congruent (730 ms)
color combinations, t(72) = 7.20, p < .001, d = 0.57 and in-
congruent (696 ms) versus congruent (730 ms) color combi-
nations, t(72) = 7.21, p < .001, d = 0.54, but not for neutral
(695 ms) versus incongruent (696 ms) color combinations,
t(72) = 0.00, p = .99, d = 0.018 (see Fig. 2). These results
support Boot and Brockmole's (2010) conclusion that only
congruent color combinations delay responses.

Next, we analyzed the letter congruency effect. There was a
significant slowdown in RTs for incongruent versus congruent
letter combinations only for congruent color combinations,M
= 26 ms, t(102) = 4.51, p < .001, d = 0.36 (see also Fig. 2), but
not for incongruent color combinations, M = 11 ms, t(102) =
1.95, p = .054, d = 0.19, or neutral color combinations,M = 8
ms, t(102) = 1.47, p = .015, d = 0.14. This supports Wright,
Boot, and Brockmole's (2015a) hypothesis that a slowdown

for congruent color combinations (compared to incongruent
or neutral combinations) is a prerequisite for observing the
letter congruency effect.

Discussion

In the first experiment, we could show that task-irrelevant
singleton items that have a feature in common with the target
could delay the disengagement of attention. This means that in
trials in which the colors of center circle and target circle are
congruent, the disengagement was delayed compared to trials
in which colors of center circle and target circle were non-
matching (delayed disengagement effect). These findings are
in line with our hypotheses and replicate the pattern of results
found byWright, Boot, and Brockmole (2015a). Furthermore,
for congruent color combinations we could confirm the letter
congruency effect as observed by Wright, Boot, and
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Fig. 2 Experiment 1, response times (RTs) for letter congruency as a
function of color congruency. Comparisons regarding the letter congru-
ency effect are indicated by the dashed lines. Error bars indicate between-
subject SEMs. * = p < .05, ** = p < .01, *** = p < .001

Fig. 1 Example of the experimental procedure including search display
layout in Experiment 1. After the waiting period, the gray circles switched
to different colors. Participants were instructed to always search for the

blue (or the green) peripheral circle and decide whether the target letter
was a ‘C’ or ‘Ͻ’. All other features of the other circles and the center circle
were to be ignored
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Brockmole (2015a): responses are faster for matching center
and target letters compared to incongruent center and target
letters (letter congruency effect). They argue that this effect
reveals a functional mechanism underlying the delayed disen-
gagement consisting of a deeper level of visual processing of
the center circle.

Experiment 2 – Symbols

In the first experiment, we replicated the pattern of results by
Wright, Boot, and Brockmole (2015a). However, we were
uncertain that a deeper level of processing was supposed to
cause the delay in disengagement from the center circle. Using
letters as crucial stimuli might not be ideal to show a general
congruency effect as letters are especially familiar to observers
and are recognized extremely quickly (Egeth& Santee, 1981).
Treisman and Gelade (1980) already stated that “letters have
long been controversial units in perceptual theory.” Letters are
thus good candidates to be automatically processed as a whole
requiring nearly no attention (Laberge, 1973). They further
automatically recruit a sensory-motor brain network (James
& Gauthier, 2006) that might subserve in automatized re-
sponses. If the delayed disengagement effect indicates a gen-
eral functional mechanism in the sense of deeper processing, a
congruency effect should also be found by using unfamiliar
symbols instead of very familiar letters. In other words, the
letter congruency effect should generalize across familiarity.
In order to avoid misunderstanding we stay with the expres-
sion letter congruency effect and add “(symbol)” to clarify that
unfamiliar star-like shapes are used as symbols instead of
letters.

Experiment 2 was supposed to replicate the same color
congruency effect and letter congruency effect as in
Experiment 1 and similar to Wright, Boot, and Brockmole
(2015a). In Experiment 2 we opted for unfamiliar star-like
shapes with six or eight edges that were hard to discriminate
(as ensured in a pre-test comparison of triangles, squares, and
star-like shapes). If delayed disengagement indicates deeper
processing the letter (symbol) congruency effect is supposed
to increase in magnitude, because the unfamiliar shapes
should require deeper processing than familiar letters. If the
letter (symbol) congruency effect remains unchanged, this is
supportive of the color congruency effect being the result of
deeper processing of the center circle. In summary, this exper-
iment is thought to replicate both the color congruency effect
and the letter (symbol) congruency effect from Experiment 1.

Methods

Participants Forty-two students (17 females and 25males; 19–
27 years old, M = 21.7, SD = 2.18) from the Bundeswehr
University Munich participated in this experiment. All

participants had normal or corrected-to-normal vision. They
provided informed consent and were given course credit as
compensation for their participation.

We used exactly the same setting as in Experiment 1 except
for two differences: the letters were replaced by symbols (each
with .6° radius), and the center square was replaced by a fix-
ation cross. Instead of deciding between ‘C’ or ‘Ͻ’, partici-
pants had to decide whether a star shape had six or eight
corners. All other circles contained different shapes (triangle,
rotated triangle, square, rectangle, and diamond; cf. Fig. 3).

Results

We did not exclude any outliers based on RTs. Accuracy did
interact with RT distributions, F(2, 82) = 17.72, p < .001, η2 =
.30, but error rate was below 2% in all conditions. Further, we
report median RTs per participant and condition.

To test the hypothesis that congruent colors lead to slower
RTs compared to incongruent colors (color congruency ef-
fect), we first averaged over both congruent center target and
incongruent center target color combination conditions. This
means we used the same congruent, incongruent, and neutral
color combinations as in Experiment 1.2 We applied a similar
logic concerning the symbol combinations of the center and
target circle: six-six corner combinations and eight-eight cor-
ner combinations are referred to as congruent combinations,
six-eight or eight-six corner combinations are referred to as
incongruent combinations.

To test for a slowdown in RTs for congruent symbol
combinations as compared to incongruent symbol combi-
nations, a repeated-measures ANOVA was calculated with
color congruency (neutral, incongruent, vs. congruent) and
letter (symbol) congruency (incongruent vs. congruent) as
within-subject factors. The main effects for color congru-
ency, F(2, 82) = 49.4, p < .001, η2 = .55, and letter
(symbol) congruency, F(2, 41) = 18.9, p < .001, η2 = .32,
were highly significant. The interaction was significant,
F(2, 82) = 28.5, p < .001, η2 = .41. Similar to
Experiment 1, we contrasted the color combinations and
revealed significant differences for neutral (659 ms) versus
congruent (687 ms) color combinations, t(82) = 4.26, p <
.001, d = 0.38 and incongruent (661 ms) versus congruent
(687 ms) color combinations, t(82) = 3.80, p < .001, d =
0.35, but not for neutral (659 ms) versus incongruent (661
ms) color combinations, t(82) = 0.46, p = .65, d = 0.029
(see Fig. 4). These results support our hypothesis that only
congruent color combinations delay responses.

2 We did this because in theWright, Boot, and Brockmole (2015a) study effect
sizes were quite small and there were no significant differences between the
before mentioned conditions, either in Wright, Boot, and Brockmole or in our
raw RTs, F(1, 40) = 3.42, p = .072, η2 = .079.
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Next, we analyzed the letter (symbol) congruency ef-
fect. There was a significant slowdown in RTs for incon-
gruent versus congruent symbol congruency only for con-
gruent color combinations, M = 35 ms, t(112) = 5.92, p <
.001, d = 0.44 (see also Fig. 4), but not for incongruent
color combinations, M = 1 ms, t(112) = 1.10, p = .28, d =
0.014, or neutral color combinations, M = 0 ms, t(112) =
0.27, p = .79, d = 0.00. This supports our findings from the
previous experiment that a slowdown for congruent color
combinations (compared to incongruent or neutral

combinations) is a prerequisite for observing the letter
(symbol) congruency effect.

Discussion

In Experiment 2, we could demonstrate that if center and
target color match, response times are slowed (delayed disen-
gagement) by about 28 ms. This delay in disengagement is
similar in size to Experiment 1 (35ms). This speaks in favor of
a similar processing (of all relevant features) of the letters and
the more complex unfamiliar symbols. Only if the colors
match do non-matching center-target symbols slow RTs. The
size of this letter (symbol) congruency effect of Experiment 2
(35 ms) is also comparable to that of Experiment 1 (26 ms).
Overall, the results confirm the previous findings.
Importantly, we could demonstrate that the functional delay
in disengagement is not limited to letters but also extends to
more complex unfamiliar stimuli.

Experiment 3 – Seven linear circles

In the previous experiments, we supported the hypothesis that
disengagement of attention is automatically delayed in a
search task when a fixated start item has features in common
with the target item (Boot & Brockmole, 2010). However, to
our knowledge, this effect has only been demonstrated in a
search paradigm with a circular search layout where the fixa-
tion circle is at the center and is surrounded by several periph-
eral circles (Biggs, Kreager, Gibson, Villano, & Crowell,
2012; Blakely et al., 2012; Boot & Brockmole, 2010;

Fig. 3 Examples of the search display layout in Experiments 2, 3, and 4
and the “new” layout in Experiment 5. After the waiting period, the gray
circles switched to different colors as displayed in Fig. 1. Participants
were instructed to always search for the blue (or green) peripheral circle

and decide whether the target letter was a six- or eight-corner star-like
shape (Exp. 2) or ‘C’ or ‘Ͻ’ (Exp. 3 and 4). All other features of the other
circles and the center circle were to be ignored
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Fig. 4 Experiment 2, response times (RTs) for letter (symbol) congruency
as a function of color congruency. Comparisons with regard to the letter
(symbol) congruency effect are indicated by the dashed lines. Error bars
indicate between-subject SEMs. * = p < .05, ** = p < .01, *** = p < .001
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Brockmole & Boot, 2009; Wang & Theeuwes, 2018; Wright,
Boot, & Brockmole, 2015a; Wright, Boot, & Jones, 2015b).
In such layouts, the observer has to find the location of the
target, which can be in any direction from the center circle.
The goal of the third experiment was to generalize the findings
to another search layout. Because the delayed disengagement
effect might depend on factors that are still unknown, it is
important to reduce noise in the search task. Circular displays
introduce variance, as saccadic latencies (Heywood &
Churcher, 1980) and accuracy (Becker & Jürgens, 1990) de-
pend on the direction of the saccade. Crucially, the latencies
are not influenced by their distance. Therefore, we chose a
linear search layout that might also provide better generaliz-
ability to everyday tasks, as in everyday life wemove our eyes
most often horizontally. It is therefore possible that the de-
layed disengagement effect appears more robust (i.e., with less
variance) in a search layout that only necessitates horizontal
eye movements. Consequently, the layout was adapted in this
experiment. All seven circles were now arranged in a straight
line with the fixation circle always being the left-most one.
This means that to perform the task, only left-to-right-
saccades have to be made. This also simplifies the search task
in terms of spatial uncertainty: the direction of the to-be-
performed saccade is known, only the distance remains
uncertain.

Methods

Thirty-six students (19 females and 17males; 19–28 years old,M
= 23.14, SD = 2.4) from the Bundeswehr University Munich
participated in this experiment. All participants had normal or
corrected-to-normal vision. They provided informed consent
and were given course credit as compensation for their
participation.

In this experiment, we used the same stimulus display com-
ponents and task setting as in Experiment 1, except that all
circles were arranged on an imaginary straight line on the
horizontal midline with equal distances of the circle centers
to the upper and lower frame of the rectangular display (see
Fig. 3). The distance between the circle centers was 5.6°. The
starting circle was always the left-most circle. The letter in the
center-circle was not masked again after the first saccade (see
Fig. 3). Additionally, we now recorded eye movements with
an EyeLink 1000 Plus (SR Research, Inc). Stimuli were pre-
sented on a ViewPixx 120-Hz Monitor at a distance of 68 cm.
We used saccadic latencies (SLs) to measure disengagement
from the center circle and manual (button press) RTs (mRTs)
to measure depth of processing of the center item. Similar
to Wright, Boot, and Brockmole (2015a), saccadic latencies
were calculated between the presentation of the search display
and the start of the first saccade. Importantly, manual RTswere
calculated differently to the previous experiments: beginning
from the first fixation of the target to the button press. In the

following, we report median times per participant and
condition.

Trial exclusionAn eyemovement was classified as a saccade if
its distance exceeded 0.2° and velocity reached 30 °/s. The
start of the first saccade had to be at the fixation circle (error
rate was 5.3%). We also excluded trials with backwards sac-
cades (9.2%), with a latency of the first saccade < 90 ms
(9.3%), trials that included a blink before the first saccade
(6.5%), and trials with an incorrect answer (2.7%).We exclud-
ed all trials in whichmultiple saccades were necessary to reach
an area of 3.8° around the search target,3 leading to a loss of
another 48.1% trials (This means 39.5% of all trials were left
for analysis). The reasoning for this was that when an interim
saccade lands on a non-target circle, the letter congruency
effect could potentially not be observed just because the atten-
tional set or the target representation in working memory was
altered by this interim item “on the way” to the search target.

Results

Saccadic latency A repeated-measure ANOVA was calculated
with color congruency (congruent, incongruent, or neutral) as a
within-subject factor. The main effect for color congruency was
highly significant, F(2, 72) = 47.4, p < .001, η2 = .062. The
differences between the color combinations congruent versus in-
congruent and congruent versus neutral were found to be signif-
icant,M = 20 ms, t(72) = 8.39, p < .001, d = 0.56, and,M = 20
ms, t(72) = 8.46, p < .001, d = .53, and the difference between
incongruent versus neutral,M = 0 ms, t(72) = 0.07, p = .95, d =
.00, was not insignificant (see Fig. 5). These results support our
hypothesis that congruent color combinations increase saccadic
latency significantly.

Manual response times To test for a slowdown in mRTs for
incongruent letter combinations as compared to congruent letter
combinations, a repeated-measures ANOVAwas calculated with
color congruency (neutral, incongruent, or congruent) and letter
congruency (incongruent or congruent) as within-subject factors.
The main effect for color congruency was significant, F(2, 72) =
6.15, p = .003, η2 = .008, and the main effect for letter congru-
ency was not significant, F(1, 36) = 1.00 p = .32, η2 = .001. The
interaction was also not significant, F(2, 72) = 1.56, p = .22, η2 =
.002. A slowdown for congruent color combinations (compared
to incongruent or neutral combinations) is supposed to be a

3 This calculation was based on the reasonable concern of a reviewer that
multiple saccade trials might potentially confound the effect as stated above.
However, this approach (together with the re-calculation of mRTs) makes the
results less comparable to Experiments 1 and 2 and other experiments without
eye tracking. We therefore decided to report still report the more “classical”
analyses (including multiple-saccade trials and with “classical” RT measures)
in the Appendix. Notably, the pattern of results did not change (with one
exception as noted below).
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prerequisite for the functional delayed disengagement in a sense
of deeper processing of letters in both circles, and only then is the
letter congruency effect expected as observed in Wright, Boot,
and Brockmole (2015a).

To keep the results comparable, in post hoc t-tests we ana-
lyzed the letter congruency effect. There was no significant
slowdown in mRTs for incongruent versus congruent letter
combinations across color combination conditions (see
Fig. 6) (congruent color combinations, M = 4 ms, t(95.6) =
.48, p = .63, d = .049; incongruent color combinations ,M = -8
ms, t(95.6) = 1.00, p = .32, d = .096; neutral color combina-
tions,M = -13 ms, t(95.6) = 1.61, p = .11, d = .16). We did not
find a significant letter congruency effect in the linear design
as expected from Experiments 1 and 2.

However, another difference of the linear compared to the
circular design is that the second circle from the left is visually
quite close to the starting circle and its presence might have
influenced the deeper processing of the starting circle in some
way (seeDiscussion). Such an influence would not possible if
the second circle was the search target itself. Consequently, we
performed the above ANOVAs and t-tests again only for the
second circle from the left. We found similar main effects
(color congruency: F(2, 70) = 4.62, p = .013, η2 = .013; letter
congruency: F(1, 35) = 0.076 p = .76, η2 = .00; interaction:
F(2, 70) = 0.48, p = .62, η2 = .001) with no significant differ-
ences in letter congruency for any color combination.4

Discussion

In Experiment 3, we used a linear instead of a circular arrange-
ment of circles. Again, we found a delay in disengagement for
matching colors in start and target circle. To the best of our
knowledge, the present study is the first one to demonstrate
the delayed disengagement effect in a linear arrangement of
circles used as a search display. Former studies used circular
arrangements of circles as search displays exclusively
(Belopolsky et al., 2010; Biggs et al., 2012; Biggs &
Gibson, 2010; Blakely et al., 2012; Boot & Brockmole,
2010; Born, Kerzel, & Theeuwes, 2011a; Brockmole &
Boot, 2009; Wright, Boot, & Brockmole, 2015a; Wright,
Boot, & Jones, 2015b). The delayed disengagement is exhib-
ited by the saccadic latencies: Saccades are delayed, by 20 ms,
if and only if center and target color combinations match
(congruent color combinations). Further, we assumed that on-
ly when the center circle color matches the target color, are
mRTs prolonged, indicative of a deeper processing of the cen-
ter circle. Contrary to our expectations, we did not find the
letter congruency effect for matching center-target color com-
binations when using the linear search display. We

hypothesized that this could be due to the general inhibition
of the starting circle in this design (which would imply that the
delayed disengagement is not indicative of deeper processing
in this configuration) or a blurring of the effect by the
distractor circles adjacent to the target circle during process-
ing. The letter congruency effect was also not exhibited when
the analysis was limited to trials in which the circle right next
to the starting circle was the search target. Since we found a
normal delayed disengagement effect, it does not seem to be
plausible that the fixation circle is inhibited in some way. It
also does not seem to be the case that the circle adjacent to the
fixation circle blurs the effect. One possibility might be that
spatial uncertainty about the target item is determining
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4 In contrast to this, when including multiple-saccade trials and sticking to the
classical calculation of RTs, we found a significant letter congruency effect for
congruent color combinations. This is the only crucial difference between the
two methods of analysis (see Appendix for details).

Fig. 5 Experiment 3, saccadic latency (SL) as a function of color con-
gruency. Error bars indicate between-subject SEMs. * = p < .05, ** = p <
.01, *** = p < .001
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attentional dwell time on fixation items. A difference in our
linear design compared to circular designs is that in the linear
design it is always known in which direction the target is
located (direction certainty), because it is always on the hori-
zontal midline on the right of the fixation item. The only
uncertainty revolves about its position along this line (distance
uncertainty), whereas in circular designs, it is the reverse – the
distance from fixation to target is always known (distance
certainty), while the direction is uncertain (direction uncertain-
ty). To test for this, we adapted the layout in the next
experiment.

Experiment 4 – Five linear circles

In Experiment 4, we build on Experiment 3 to track the origin
of the missing letter congruency effect – which is supposed to
indicate deeper processing of the fixation item – in
Experiment 3. Either it was too fragile and dissolved before
the target was reached (as particularly long saccades were
necessary), or the spatial direction uncertainty of the target is
somehow a prerequisite for a deeper processing of the fixation
item. Possibly, the search task is regarded as too easy and no
deeper processing is necessary to quickly identify target ob-
jects along a straight line. To differentiate between these two
possibilities, we changed the linear search layout in two ways.
First, we reduced the number of circles from seven to five and
ensured in a pretest that all possible search targets could be
reached with the initial saccade. Additionally, we added the
middle circle as a possible fixation circle. Half of the partici-
pants fixated the left-most circle, half of the participants fix-
ated the middle circle. If the attenuation of deeper processing
was caused by the direction certainty in the previous experi-
ment, we should find a similar pattern of results to
Experiments 1 and 2 with the middle fixation circle but not
with the left-most fixation circle. If the attenuation of deeper
processing was caused by the effect being fragile, we could
potentially find the letter congruency effect with both the left-
most fixation and the middle fixation circle in the shortened
linear arrangement.

To sum up, if we observe a letter congruency effect for both
fixation positions, the number of the items (and length of
saccades) was the origin of the null finding in Experiment 3.
If we only observe a letter congruency effect for the middle
fixation circle, the functionality of the delayed disengagement
might be dependent on the search layout (i.e., direction uncer-
tainty) and not generalizable across differing search layouts.

Methods

Forty-five students (14 females and 31 males; 19–34 years
old, M = 23.31, SD = 3.53) of the Bundeswehr University
Munich participated in this experiment. All participants had

normal or corrected-to-normal vision. They provided in-
formed consent and were given course credit as compensation
for their participation.

We used the same general setup as in Experiment 3, but
instead of seven circles we only presented five circles.
Additionally, the fixation circle was either the left-most circle
or the middle circle (varied between subjects). For simplicity,
instead of two target colors (green and blue) we only used one
(blue). The hardware and software remained the same as in
Experiment 3. As shown in Fig. 3 the five circles were posi-
tioned on a line with equal distances of the circle centers to the
upper and lower frame of the rectangular display. We also
decreased the distance between the circle centers from 5.6°
(Experiment 3) to 4.2° to further shorten saccades (see Fig. 3).

Trial exclusion The start of the first saccade had to be at the
fixation circle (error rate 10.5%). We also excluded trials with
backwards saccades (1.3%), with a latency of the first saccade
< 90 ms (5.3%), trials that included a blink before the first
saccade (3.0%), and trials with an incorrect answer (3.3%).
Similar to Experiment 3, we excluded all trials in which mul-
tiple saccades were necessary to reach an area of 2.1° around
the search target, leading to a loss of another 16.2% trials (this
meant 67.6% of all trials left for analysis).

Results

Saccadic latency A repeated-measure ANOVAwas calculated
with fixation circle position (left or middle) as between-
subject factor and color congruency (congruent, incongruent,
or neutral) as within-subject factors. The main effect for color
congruency was highly significant, F(2, 86) = 111.73, p <
.001, η2 = .24. The main effect for fixation circle position,
F(1, 43) = 0.00, p = .97, η2 = .00, was not significant. The
interaction between color congruency and fixation circle po-
sition, F(2, 86) = 2.75, p = .069, η2 = .006, was not significant.
As shown in Fig. 7, post hoc t-tests showed a delay in disen-
gagement when the fixation circle had the same color as the
target circle independent of position (color congruency condi-
tions congruent vs. incongruent,M = 31ms, t(86) = 12.87, p <
.001, d = 1.08, congruent vs. neutral, M = 31 ms, t(86) =
13.03, p < .001, d = 1.10, and incongruent vs. neutral, M = 0
ms, t(86) = 0.16, p = .87, d = 0.00).

Response times To test for a slowdown in mRTs for incongru-
ent letter combinations as compared to congruent letter com-
binations, a repeated-measures ANOVA was calculated with
fixation circle position (left or center) as between-subject fac-
tor and color congruency (neutral, incongruent, or congruent)
and letter congruency (incongruent or congruent) as within-
subject factors. The main effects for color congruency, F(2,
86) = 6.89, p = .002, η2 = .007, and fixation circle position,
F(1, 43) = 4.75 p = .035, η2 = .083, were significant. The main
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effect for letter congruency was not significant, F(1, 43) =
0.13, p = .72, η2 = .00. The interaction between color congru-
ency and letter congruency, F(2, 86) = 8.99, p < .001, η2 =
.011, was significant. However, the interactions between color
congruency and fixation circle position, F(2, 86) = 2.29, p =
.11, η2 = .002, letter congruency and fixation circle position,
F(1, 43) = 3.63, p = .063, η2 = .004, and the three-way inter-
action between color congruency, letter congruency, and fix-
ation circle position, F(2, 86) = 0.52, p = .60, η2 = .001, were
not significant.

To test whether inner letters of the fixation circle were
processed more deeply, in post hoc t-tests, we analyzed the
letter congruency effect for both fixation circle positions indi-
vidually. For the left fixation circle, there was no significant
slowdown in mRTs for incongruent versus congruent letter
combinations for congruent color combinations, M = 14 ms,
t(118.8) = 1.65, p = .10, d = 0.26, or neutral color combina-
tions, M = -13 ms, t(118.8) = 1.56, p = .12, d = 0.2. We
observed only a significant difference for incongruent color
combinations, M = 19 ms, t(118.8) = 2.34, p = .021, d = 0.31
(see also Fig. 8). In contrast, for the middle fixation circle
position, there was a significant slowdown in mRTs for incon-
gruent versus congruent letter combinations for congruent col-
or combinations, M = 25 ms, t(118.8) = 3.06, p = .003, d =
0.41, but not for incongruent color combinations, M = 4 ms,
t(118.8) = 0.54, p = .59, d = 0.082, or neutral color combina-
tions, M = -2 ms, t(118.8) = .26, p = .79, d = 0.036 (see also
Fig. 8). To sum up, there are differences between both fixation
circle positions with only the middle fixation circle supporting
the previously reported letter congruency effects.

In order to remain consistent with Experiment 3, we per-
formed the above ANOVAs and t-tests again only for the
adjacent circle of the left-most positioned fixation circle. We
found that the letter congruency effect was significant (main
effects: color congruency, F(2, 42) = 0.16, p = .85, η2 = .001,

letter congruency, F(1, 21) = 5.69 p = .027, η2 = .006; inter-
action: F(2, 42) = 1.74, p = .19, η2 = .005.). In contrast to
Experiment 3, we found a significant letter congruency effect
for congruent color combinations,M = 21ms, t(62.2) = 2.33, p
= .023, d = 0.37.

Discussion

In Experiment 4, we investigated whether the functionality of
the delayed disengagement might be dependent on the fixation
circle position and the number of linearly arranged circles. In
between trials, participants fixated either the middle circle or
the left-most circle and afterwards performed a saccade from
this fixation circle to the target circle. For both starting posi-
tions, we found significant color congruency effects again:
saccadic latencies were prolonged, when the colors of the
fixation circle and the target circle matched (delayed disen-
gagement). This was expected and is in line with the previous
experiments. The magnitude of the effects remained compa-
rable to Experiment 3 and to the findings ofWright, Boot, and
Brockmole (2015a). Further, an observed letter congruency
effect for both starting positions would have supported the
hypotheses that, in Experiment 3, the number of circles (or
length of saccades) was the origin of the null finding. An
observed letter congruency effect only for the middle fixation
circle, but not for the left fixation circle, would have supported
the hypothesis that the claimed functionality of the delayed
disengagement (Wright, Boot, & Brockmole, 2015a) was de-
pendent on the stimulus layout (i.e., direction uncertainty as a
necessary prerequisite) and not generalizable to other layouts.
On first sight, our overall findings seem to support the latter
hypothesis, as for congruent fixation and target color combi-
nations we only found a significant letter congruency effect
for middle starting positions. The absence of a letter congru-
ency effect for the left fixation circle seems to reproduce the
results from Experiment 3.

We hypothesized that the letter congruency effect is frag-
ile and was blurred during initial processing of the fixation
circle, which was possibly caused (at least partially) by the
adjacent circle. In the linear arrangements, there is a close
proximity between the fixation circle and the next (possible
target) circle (which is not the case in the “original” circular
arrangements from Experiment 1 and Experiment 2). Due
to their close proximity, the adjacent item might have also
been processed on fixation – including its inner letter. If this
is in fact true, it implies that there never was a “true” match
of the attentional set (that encloses the fixation-circle-letter
and at least part of the adjacent-circle-letter) and the target
circle because the representation of the fixation-circle-letter
was blurred by the letter of the adjacent circle. To test for
this possibility, we only looked at trials in which the search
target was right next to the fixation circle. In this configu-
ration it should not have been possible that the attentional
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set got blurred by the adjacent circle, because it was itself
the target circle. In fact, we found a letter congruency effect
when we limited the analysis to the target circle adjacent to
the left starting circle (the same test remained insignificant
in Experiment 3). To further investigate the hypothesis that
the fixation circle was possibly blurred by the adjacent cir-
cle (and address possible issues of statistical power in
regards to the null findings), we conducted a fifth
experiment.

Experiment 5 – Five linear circles with a gap

In Experiment 5, we build on Experiment 4 to investigate the
conflicting findings in regards to the nature of the letter con-
gruency effect in Experiment 3 and Experiment 4. While we
did not find a letter congruency effect –which is hypothesized
to be indicative of deeper processing of the fixation item –
averaged over all trials of the left-fixation-circle condition in
Experiment 4, we did find the effect when we limited the
analysis only to the circle adjacent to the fixation item. This
led us to speculate that for all other trials – in which the target
circle was not the one adjacent to the fixation circle, but fur-
ther down the line – the representation of the fixation circle
was possibly blurred by the adjacent circle and therefore there
was never a perfect match between one’s representation of the
fixation circle and the target circle. In this experiment, we
addressed this possibility by slightly altering the design from
Experiment 4: In half of the trials, the first target circle was not
directly adjacent to the fixation circle but all target circles were

shifted one position to the right (see Fig. 3). Thus, in this
condition, there was a gap between the fixation and the first
possible target. In addition, we have doubled the number of
participants compared to the critical “left-most fixation circle”
condition of Experiment 4. Given these changes, we can now
investigate the hypotheses by analyzing occurrences of letter
congruency (over all trials and) especially at the second target
circle position (see circles with inner letter ‘F’ in Fig. 3,
Experiments 4 and 5). If the representation of the fixation is
in fact blurred by the adjacent circle, there should be an ob-
servable letter congruency effect only in the ‘gap’ condition –
because there is no adjacent circle to blur the effect. If the
former null result is not due to blurring of the fixation circle
but to more unspecific reliability issues, like statistical power,
we expect similar findings in both conditions (letter congru-
ency effect present or absent alike). Additionally, as the criti-
cal layout differences were presented on a within-subject basis
in this experiment, we expect to get more consistent findings.

Methods

Forty-four students (ten females and 34 males; 19–41 years
old, M = 25.36, SD = 4.25) of the Bundeswehr University
Munich participated in this experiment. All participants had
normal or corrected-to-normal vision. They provided in-
formed consent and were given course credit as compensation
for their participation.

We used the same general setup as in Experiment 4 with the
left-most circle as fixation position. In half of the blocks, we
introduced a new layout in which all search circles were
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shifted one position to the right, so there was now a gap (8.4°)
between the fixation circle and the first search circle (‘gap’
condition, see Fig. 3). The other half of the blocks were an
exact replication of Experiment 4 in the left-most fixation
position (“no gap” condition). In addition, participants now
completed 480 instead of 360 trails in four instead of three
blocks. The order of the blocks was always alternating, and
the starting block was counterbalanced between the
participants.

Trial exclusion The start of the first saccade had to be at the
fixation circle (error rate is 9.9%).We also excluded trials with
backwards saccades (4.2%), with a latency of the first saccade
< 90 ms (5.9%), trials that included a blink before the first
saccade (2.5%) and trials with an incorrect answer (5.0%).
Similar to Experiment 3 and 4, we excluded all trials in which
multiple saccades were necessary to reach an area of 2.1°
around the search target, leading to a loss of another 26.0%
trials (this means 65.6% of all trials were left for analysis).

Results

Saccadic latency A repeated-measure ANOVAwas calculated
with the factors gap condition (no gap or gap) and color con-
gruency (congruent, incongruent, or neutral) as within-subject
factors. The main effect for color congruency was highly sig-
nificant, F(2, 84) = 106.87, p < .001, η2 = .13. The main effect
for gap condition, F(1, 42) = 6.82, p = .012, η2 = .005, and the
interaction between color congruency and first search circle
position, F(2, 84) = 3.11, p = .050, η2 = .001, were also sig-
nificant. As shown in Fig. 9, post hoc t-tests showed a delay in
disengagement when the fixation circle had the same color as
the target circle independent of gap condition (color congru-
ency conditions congruent vs. incongruent,M = 30ms, t(84) =
12.93, p < .001, d = 0.79, congruent vs. neutral, M = 29 ms,
t(84) = 12.38, p < .001, d = 0.74, and incongruent vs. neutral,
M = 1 ms, t(84) = 0.54, p = .59, d = 0.031.)

Response times To test for a slowdown in mRTs for incongru-
ent letter combinations as compared to congruent letter com-
binations, a repeated-measures ANOVA was calculated with
the factors gap condition (gap or no gap), color congruency
(neutral, incongruent, or congruent) and letter congruency (in-
congruent or congruent) as within-subject factors. The main
effect for gap condition, F(1, 42) = 30.09 p < .001, η2 = .022,
was significant. The main effects for letter congruency, F(1,
42) = 0.012, p = .92, η2 = .00, and color congruency, F(2, 84)
= 0.98, p = .38, η2 = .00, were not significant. The interaction
between color congruency and letter congruency, F(2, 84) =
30.85, p < .001, η2 = .014, was significant. However, the
interactions between color congruency and gap condition,
F(2, 84) = 0.86, p = .43, η2 = .00, letter congruency and gap
condition, F(1, 42) = 1.52, p = .23, η2 = .00, and the three-way

interaction between color congruency, letter congruency, and
gap condition, F(2, 84) = 0.99, p = .38, η2 = .00, were not
significant.

To test whether inner letters of the fixation circle were
processed more deeply, in post hoc t-tests we analyzed the
letter congruency effect for both gap conditions individu-
ally. For the “no gap” condition, there was a significant
slowdown in mRTs for incongruent versus congruent let-
ter combinations for congruent color combinations, M =
28 ms, t(145) = 4.28, p < .001, d = 0.38, but not for
neutral color combinations, M = 4 ms, t(145) = 0.55, p
= .58, d = 0.059 (see also Fig. 10). Furthermore, we ob-
served a significant difference for incongruent color com-
binations, M = -18 ms, t(145) = 2.68, p = .008, d = 0.25.
For the “gap” condition, there was a significant slowdown
in mRTs for incongruent versus congruent letter combina-
tions for congruent color combinations, M = 18 ms,
t(145) = 2.68, p = .008, d = 0.24, but not for neutral color
combinations, M = -12 ms, t(145) = 1.83, p = .067, d =
0.18. Furthermore, we again observed a significant differ-
ence for incongruent color combinations, M = -15 ms,
t(145) = 2.35, p = .020, d = 0.23,. To sum up, there are
no significant differences between both first search circle
positions, both supporting the previously reported letter
congruency effects.5

5 As an additional analysis, we calculated an overall ANOVA for the letter
congruency effect with the subjects from Experiments 4 (left-most fixation
circle) and 5 (“no gap” condition), as these layouts were identical. The main
effects for letter congruency, F(1, 64) = 0.021, p = .87, η2 = .00, and color
congruency, F(2, 128) = 0.090, p = .91, η2 = .00, were not significant. The
interaction between color congruency and letter congruency, F(2, 128) =
24.07, p < .001, η2 = .017, was significant. In post hoc tests, the letter congru-
ency effect was significant for incongruent versus congruent letter combina-
tions for congruent color combinations,M = 24 ms, t(157)= 4.36, p < .001, d =
0.34, but not for neutral color combinations,M = -8ms, t(157)= 1.27, p = .21, d
= 0.11. Furthermore, we observed a significant difference for incongruent
color combinations, M = -18 ms, t(157)= 3.41, p < .00, d = 0.26.
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We performed the above ANOVAs and t-tests again
only for the first target circle from the left in the gap
condition and the second target circle from the left in
the no gap condition. This meant that we had the same
distance from fixation to the target circle in both condi-
tions. We found the main effect for color congruency, F(2,
84) = 8.40, p < .001, η2 = .006, and interactions of color
congruency and letter congruency: F(2, 84) = 12.43, p <
.001, η2 = .013, all other effects were not significant). The
letter congruency effect for congruent color combination
was significant for the “no gap” condition, M = 29 ms,
t(219) = 2.72, p = .008, d = 0.35, but not for the “gap”
condition, M = 19 ms, t(219) = 1.84, p = .067, d = 0.22).

Discussion

In Experiment 5, we investigated whether the missing
letter congruency effect from Experiments 3 and 4 was
due to a blurring of the representation of the fixation item.
We adapted the design so that there was a circle-sized gap
between the fixation circle and the first possible target
circle in half of the trials. For both gap conditions, we
found significant color congruency effects: saccadic laten-
cies were prolonged when the colors of the fixation circle
and the target circle matched (delayed disengagement).
This was expected and is in line with the previous exper-
iments. The magnitude of the effects remained compara-
ble to Experiments 3 and 4. Additionally, the results re-
veal significant letter congruency effects in both gap con-
ditions (gap and no gap) for congruent color congruency
conditions. These results support the postulation from

Wright, Boot, and Brockmole (2015a) that the delay in
disengagement (when the fixation item color matches the
target item color) is due to a deeper processing of the
fixation item. The findings thereby provide evidence that
this hypothesized underpinning of the delayed disengage-
ment effect holds generally also true in linear display lay-
outs and is not, in principle, dependent on the exact dis-
play configuration.

Contrary to our expectations, when limiting the anal-
ysis to the second target circle, there was a significant
letter congruency effect only for the no gap condition;
that is, when there is a gap between the fixation item and
target item (instead of another possible target item), the
letter congruency effect could not be clearly resolved.
But since the interaction of gap position and letter con-
gruency was not significant, we do not assume these are
systematical differences in gap position. Nevertheless,
this result might further indicate that our initial explana-
tion of the null findings in Experiments 3 and 4 (i.e.,
caused by a blurring of the representation of the fixation
item) was not applicable.

Of note, there also seems to be a surprisingly consis-
tent “reverse” letter congruency effect for incongruent
color combinations. This means that, whenever fixation
item color and target item color do not match (i.e., are
incongruent) and there is no delay in disengaging from
the fixation item, a non-matching fixation-letter and
target-letter combination delays manual responses. As
this pattern is similar in Experiments 3 and 4 (albeit
only significant in Experiment 4), further discussion
can be found in the General discussion below.
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General discussion

The goal of the present study was to test the generalizability of
the delayed disengagement effect: responses to search targets
are slower when the irrelevant fixation object has features in
common with the target object (Belopolsky et al., 2010; Biggs
et al., 2012; Biggs & Gibson, 2010; Blakely et al., 2012; Boot
& Brockmole, 2010; Brockmole & Boot, 2009; Folk et al.,
1992; Theeuwes, 1994; Wright, Boot, & Brockmole, 2015a;
Wright, Boot, & Jones, 2015b). In particular, we tested the
generalizability of its proposed functional nature in terms of
deeper processing of the fixation item (Wright, Boot, &
Brockmole, 2015a; Wright, Boot, & Jones, 2015b), with un-
familiar symbols rather than letters and in a linear search lay-
out in addition to the predominantly employed circular search
layout. The hypothesis that the delayed disengagement has a
functional reason was originally proposed by Wright, Boot,
and Brockmole (2015a). These authors showed that when
participants had to respond to a letter in the target item, re-
sponses are delayed if the letter in the task-irrelevant fixation
item does not match the letter of the target object (manual
responses were faster when fixation-circle-letter and target-
circle-letter matched). They concluded that the letter in the
fixation circle must have been processed and thus, the disen-
gagement from the fixation circle was delayed because it was
processed more deeply (i.e., the inner letter is identified). This
was the case only when fixation and target circle were the
same color.

In the present study, we consistently found this general
delayed disengagement effect (delay in responses when fixa-
tion and target colors matched) across all five experiments.
This finding helps to generalize delayed disengagement ef-
fects, as they do not seem to be dependent on the layout of
the search display. Notably, the influence of the effect seems to
be quite stable across search layouts as it was rather similar in
magnitude in all five experiments (20 ms to 35 ms), serving as
further quantification of its effect size.

Further, in Experiment 1, we successfully replicated the
letter congruency effect (which is supposed to indicate a func-
tional nature of the delayed disengagement) with the same
letters used by Wright, Boot, and Brockmole (2015a). In
Experiment 2, instead of simple letters, participants had to
distinguish between two presumably unfamiliar star-like
shapes that were hard to discriminate. We found comparable
results to the first experiment, supporting the delayed disen-
gagement effect in general and found further evidence
supporting its hypothesized functional nature in particular.
Thus, we corroborated the previous findings and were, as far
as we know, the first to show the letter congruency effect
(hypothesized to indicate the functional reason for the delayed
disengagement effect) with unfamiliar symbols.

In the linear design from Experiments 3 and 4 (left-most
fixation position) we did not observe a letter congruency effect

(however, it was evident in Experiment 5). We originally hy-
pothesized that the letter congruency effect was fragile and
was blurred during initial processing of the fixation circle,
whichmight have been caused at least partially by the adjacent
circle. Due to the close proximity of the next circle to the
fixation circle (as compared to the circular arrangements in
Experiments 1 and 2), the adjacent object might have also
been processed unintentionally – including its inner letter. If
this were the case it would imply that there was never a true
“match” of the attentional set (that encloses the fixation-circle-
letter and at least part of the adjacent-circle-letter) and the
target circle because the representation of the fixation-circle-
letter got blurred by the letter of the adjacent circle. To further
investigate this possibility, we conducted the fifth experiment,
in which there was a circle-wide gap between the fixation
circle and the first possible target circle. In this new experi-
ment, we found a consistent letter congruency effect for both
gap conditions, indicating that blurring of the fixation item
was likely not the cause of the absent letter congruency effect
in Experiments 3 and 4.

We found consistent letter congruency effects in
Experiment 5 and in a joint reanalysis of Experiments 4 and
5. These ambiguous results give rise to the possibility that the
letter congruency effect tends to becomemore unreliable if the
layout necessitates longer saccades, that is, it might have been
that the blurring and attenuation of the attentional set covaries
with the length of the saccades (i.e., over time). This would
imply that the effect of deeper processing (as presumed to be
indicated by delayed disengagement) would be exhibited most
consistently when short saccades are to be performed (and for
longer saccades, it would be harder to show significantly).
Note that we do not propose that the delayed disengagement
effect was influenced by the longer saccades, as saccadic la-
tencies are typically not affected by the length of the saccades
(Heywood & Churcher, 1980), but one might argue that the
specific letter congruency effect (that is apparent in manual
response times) was affected. There are some indications that
speak in favor of this speculation. Even if only one-saccade
trials are included, the average saccade distances were longer
in Experiment 3 (16.8°), in Experiment 4 (8.4°; left-most fix-
ation circle condition), and in Experiment 5 (10.5°; gap con-
dition) compared to the saccade distance Wright, Boot, and
Brockmole (2015a) reported (7,8°) in connection with their
circular search display with a center fixation circle. A further
indication is that we replicated the letter congruency effect in a
condition based on a comparable saccade distance (6.3°)
(Experiment 4; middle fixation circle condition) even with a
lower sample size. However, especially horizontal saccades
are performed extremely fast (Becker & Jürgens, 1990) and
the difference between longer and shorter saccades is in the
order of some milliseconds. Thus, it is implausible to assume
that the length of saccades can fully account for the reliability
of the letter congruency effects. However, based solely on our
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joint results, it seems that the letter congruency effect is the
most stable, the shorter the to-be-performed-saccades are.
Notably, there seems to be a consistent “reverse” letter con-
gruency effect for incongruent color combinations: Whenever
fixation item color and target item color do not match, that is,
there is no delay in disengaging from the fixation item, a non-
matching fixation-letter and target-letter combination delays
manual responses. This general pattern can be generally ob-
served across all linear designs with a left fixation position and
the effect sizes seem to be comparable (Exp. 3: 8 ms, Exp. 4:
19 ms, Exp. 5: 17 ms), although the difference was only sig-
nificant in Experiments 4 and 5.

In their original experiment, Wright and colleagues (2015a)
offered (but quickly discarded) an alternative explanation for
the delay in disengagement (for congruent fixation-target
colors): They speculated that center items might be inhibited
and only after successful inhibition of the fixation item (which
takes additional time), the saccade is executed. It could be that
– possibly only in linear layouts – the fixation item is always
inhibited to some extent. A reason for inhibition in this case
could be that a linear layout with a left starting circle is spa-
tially more ordered. The visual system can easily tune itself to
inhibit/suppress certain display locations or even whole re-
gions where a distracting object is likely to appear (cf.
Gaspelin, Leonard, & Luck, 2015; Sauter, Liesefeld,
Zehetleitner, & Müller, 2018; Wang & Theeuwes, 2018) but
probably only when they are spatially clearly separable and in
the periphery. It could be that in the present study’s
Experiments 4 and 5, the fixation item was inhibited – includ-
ing its center letter – when its prominent feature was clearly
spatially separable and not task relevant (i.e., in the incongru-
ent condition). However, since this inhibition had to be ex-
tremely fast to not delay the disengagement from the fixation
item (compared to the neutral condition), this is to be taken as
a first speculation and should bematter of other investigations.

Conclusion

Delayed disengagement could be demonstrated in several ex-
periments and with different types of stimuli (letters or sym-
bols) and two different types of layout arrangements (linear
and circular layout). Delayed disengagement is found to be a
stable effect across all experiments. To the best of our knowl-
edge, the present study is the first to consistently demonstrate
the delayed disengagement effect across multiple search lay-
outs and with unfamiliar target symbols. Similarly, the pro-
posed generality of the functional explanation of the delayed
disengagement (in terms of deeper processing of the fixation
items) seems to be accurate. This interpretation finds support
by utilizing a search space with a circular as well as linear
layout. For experiments or conditions in which we did not
reveal an effect, it may be that the attentional set that is active
during the delay before disengaging the fixation is fragile,

short lived and for this reason functional effects are weak
(especially for layouts necessitating longer saccades). We of-
fered several explanations of the absence of the letter congru-
ency effect in Experiments 3 and 4 that seemed superficially
plausible to us beyond concerns of statistical power: the inhi-
bition of the processing of the features of the fixation circle,
that fixation circle and adjacent circle share attentional focus
(“blurring”), but none of themwas able to fully account for the
given effect pattern. Based on the stable letter congruency
effects from Experiment 5 and a joint reanalysis, our results
support the view that delayed disengagement can be
interpreted in terms of deeper processing of the fixation item.
Therefore, the proposed functionality of delayed disengage-
ment seems to be generalizable to non-circular display layouts
but might be more reliable in classical circular arrangements.
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Appendix

In the analyses above, we removed all trials in which mul-
tiple saccades were executed to reach the search target
because of a potential contamination of the attentional set
at the landing of interim saccades. In addition, we calcu-
lated manual response times from the time the saccade
reached the search target and the following button press.
While these two measures are reasonable in an eye-
tracking study, the effects are not easily compared to non-
eye-tracking studies, as saccade onset and landing are not
measurable. We therefore offer the alternative “classical”
calculations here. This means, in the calculations below,
we included all trials, regardless of how many saccades
were made and we calculated the response times classically
from the onset of the search display to the button press.

Classical analyses and results for Experiment 3 data

Trial exclusion We included all eye movements where the
distance exceeded 0.2° and its velocity reached 30 °/s.
Furthermore, the start of the first saccade had to be at the
fixation circle (error rate is 5.6% of total trials). We also ex-
cluded trials with backwards saccades (9.2% of total trials),
with a latency of the first saccade < 90ms (9.3% of total trials)
and trials that included a blink before the first saccade (6.9%
of total trials). In sum, 25.8% of all trials were excluded from
analyses. In some trials, one saccade was not enough to reach
the search target and we included all correct trials independent
of how many saccades were necessary to reach the target.

Saccadic latency To test our hypothesis that saccadic latency
(SL) was slower for congruent color combinations, a repeated-
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measure ANOVAwas calculated with color congruency (con-
gruent, incongruent, or neutral) and letter congruency (incon-
gruent or neutral) as within-subject factors. The main effect
for color congruency is highly significant, F(2, 72) = 50.67, p
< .001, η2 = .59. The main effect for letter congruency is not
significant, F(1, 36) = 0.17, p = .69, η2 = .005. The interaction
is not significant, F(2, 72) = 0.87, p = .42, η2 = .024. The
contrasts of the color combinations congruent versus incon-
gruent and congruent versus neutral were found to be signif-
icant, (mean difference 19 ms) t(72)= 7.5, p < .001, d = 0.47,
and (mean difference 25 ms) t(72) = 9.56, p < .001, d = 0.64,
and the contrast incongruent versus neutral, (mean difference
5 ms) t(72) = 2.06, p = .043, d = 0.15, was insignificant. These
results support our hypothesis that congruent color combina-
tions delay saccadic latency significantly.

Response times In the following, we report median correct
RTs per participant and condition. RTs were calculated from
the onset of the search display to the button press. To test a
slowdown in RTs for congruent letter combinations as com-
pared to incongruent letter combinations, a repeated-measures
ANOVA was calculated with color congruency (neutral, in-
congruent, or congruent) and letter congruency (incongruent
or congruent) as within-subject factors. The main effects for
color congruency, F(2, 72) = 11.63, p < .001, η2 = .24, and
letter congruency, F(2, 36) = 4.68 p = .037, η2 = .12, are
significant. The interaction is not significant, F(2, 72) =
1.28, p = .29, η2 = .034. In post hoc t-tests, we analyzed the
letter congruency effect. Contrary to expectations, there was
no significant slowdown in RTs for incongruent versus con-
gruent letter combinations across color combination condi-
tions (incongruent color combinations, t(107)= 1.68, p =
.096, d = 0.13 congruent color combinations, t(107) = 0.20,
p = .84, d = 0.01, neutral color combinations, t(107) = 1.96, p
= .053, d = 0.16. We did not find a significant letter congru-
ency effect in the linear design as we found in Experiments 1
and 2. The ANOVA’s main effect and post hoc tests even seem
to point in the opposite direction.

However, another difference of the linear compared to the
circular design is that the second circle from the left is visually
quite close to the starting circle and its presence might have
influenced the deeper processing of the starting circle in some
way. Such an influence is not possible if the second circle is
the search target itself. Consequently, we performed the above
ANOVAs and t-tests again only for the second circle from the
left. We found that the color congruency effect is still preva-
lent (main effects: color congruency, F(2, 72) = 9.7, p < .001,
η2 = .21, letter congruency, F(1, 36) = .45 p = .51, η2 = .012;
interaction: F(2, 72) = 2.56, p = .084, η2 = .066) with signif-
icant differences only for neutral (648 ms) versus congruent
(684 ms) color combinations, t(72)= 4.15, p < .001, d = 0.33,
and incongruent (655 ms) versus congruent (684 ms) color
combinations, t(72)= 3.36, p = .001, d = 0.28. Additionally,

we found a significant letter congruency effect for congruent
color combinations, t(106)= 2.04, p = .044, d = 0.23. Further,
nonsignificant results are not reported. This finding is support-
ive for a functional process as the basis for the delay in disen-
gagement from the fixation circle but seems to be restricted to
a target circle that is within the attentional focus of the fixation
circle. If the target circle is outside the attentional focus, the
supposed deeper processing seems to lose functional value
perhaps due to distortions.

Classical analyses and results for Experiment 4 data

Trial exclusion First, we included all correct trials no matter
how many saccades were made. We included saccades where
the distance exceeded 0.2° and its velocity reached 30 °/s.
Furthermore, the start of the first saccade had to be at the
fixation circle (error rate is 10.47% of total trials). Trials with
first saccades in wrong direction (3.6% of total trials), latency
of the first saccade < 90 ms (5.34% of total trials), and blink
before first saccade (3.21% of trials) were also not included. In
sum, 21.66% of total trials were excluded from analyses.
Further, we report medians RTs per participant and condition.

Saccadic latency To test our hypothesis, that saccadic latency
(SLs) was slower for congruent color combinations, a
repeated-measure ANOVAwas calculated with fixation circle
position (left or middle) as between-subject factor and color
congruency (congruent, incongruent, or neutral) and letter
congruency (incongruent or neutral) as within-subject factors.
The main effect for color congruency is highly significant,
F(2, 86) = 120.68, p < .001, η2 = .73. The main effect for letter
congruency, F(1, 43) = 0.23, p = .64, η2 = .005, and fixation
circle position, F(1, 43) = 0.012, p = .91, η2 = .00, is not
significant. The interaction between letter congruency and
fixation circle position, F(1, 43) = 5.75, p = .021, η2 = .12,
is significant. However, the interactions between color con-
gruency and fixation circle position, F(2, 86) = 2.82, p = .065,
η2 = .017, color congruency and letter congruency, F(2, 86) =
0.025, p = .98, η2 = .001, and color congruency, letter congru-
ency, and fixation circle position, F(2, 86) = 0.025, p = .98, η2

= .001, are not significant. Our results indicate slowing in
disengagement when the fixation circle had the same color
as the target circle independent of position. We contrasted
the letter congruency conditions congruent versus incongruent
(mean difference 30 ms) t(86) = 13.43, p < .001, d = 1.061,
congruent versus neutral (mean difference 30 ms) t(86) =
13.48, p < .001, d = 1.065, and incongruent versus neutral
(mean difference 0 ms) t(86) = 0.046, p = .96, d = 0.00.
These results support our hypothesis that congruent color
combinations delay disengagement significantly.

Response times Correct RTs were calculated from the onset of
the search display to the button press. To test for a slowdown
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in RTs for congruent letter combinations as compared to in-
congruent letter combinations, a repeated-measures ANOVA
was calculated with fixation circle position (left or center) as
between-subject factor and color congruency (neutral, incon-
gruent, or congruent) and letter congruency (incongruent or
congruent) as within-subject factors. The main effects for col-
or congruency, F(2, 86) = 84.15, p < .001, η2 = .63, and
fixation circle position, F(1, 43) = 7.57 p = .009, η2 = .15,
are significant. The main effect for letter congruency is not
significant, F(1, 43) = 1.08, p = .30, η2 = .023. The interaction
between color congruency and fixation circle position, F(2,
86) = 7.11, p = .002, η2 = .053, and color congruency and
letter congruency, F(2, 86) = 10.25, p < .001, η2 = .19, are
significant. However, the interaction between letter congruen-
cy and fixation circle position, F(1, 43) = 3.37, p = .073, η2 =
.071, and color congruency, letter congruency, and fixation
circle position, F(2, 86) = 2.29, p = .11, η2 = .041, is not
significant. In post hoc t-tests, we analyzed the letter congru-
ency effect separated for each fixation circle position. For the
left fixation circle position, there was a significant slowdown
in RTs for incongruent versus congruent letter combinations
only for incongruent color combinations, t(116.6) = 3.75, p <
.001, d = 0.33, but not for congruent color combinations,
t(116.6) = 1.24, p = .22, d = 0.11, or neutral color combina-
tions, t(116.6) = 1.7, p = .092, d = 0.15. In contrast, the middle
fixation circle position showed a significant slowdown in RTs
for incongruent versus congruent letter combinations only for
congruent color combinations, t(116.6) = 2.32, p = .022, d =
0.27, but not for incongruent color combinations, t(116.6) =
.16, p = .87, d = 0.014, or neutral color combinations,
t(116.6) = 1.29, p = .2, d = 0.17. To sum up, only if the fixation
circle position is in the middle, the letter congruency effect is
comparable to Experiment 1 and 2.

In order to remain consistent with Experiment 3, we per-
formed the above ANOVAs and t-tests again only for the
adjacent circle of the left-most positioned fixation circle. We
found that the color congruency effect is still prevalent (main
effects: color congruency, F(2, 42) = 8.6, p < .001, η2 = .29,
letter congruency, F(1, 21) = 2.75 p = .11, η2 = .12; interaction:
F(2, 42) = 0.9, p = .91, η2 = .004.) with significant differences
only for neutral (631 ms) versus congruent (664 ms) color
combinations, t(42) = 3.27, p = .002, d = 0.3 and incongruent
(625 ms) versus congruent (664 ms) color combinations,
t(42) = 3.85, p < .001, d = 0.38. Contrary to Experiment 3,
we found no significant letter congruency effect for congruent
color combinations, t(61.4) = 0.75, p = .45, d = 0.11.
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