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Found in translation: The role of response mappings for observing binding
effects in localization tasks
Lars-Michael Schöpper a, Markus Lappeb and Christian Fringsa

aDepartment of Cognitive Psychology, University of Trier, Trier, Germany; bDepartment of Psychology, University of Münster, Münster,
Germany

ABSTRACT
According to action control theories, response and stimulus’ features are integrated into event
files. Repeating any of an event file’s components retrieves the previously bound information,
causing benefits for full repetition, but interference for partial repetition. Yet, such “binding
effects” are absent in localization performance. By assuming sequential processing steps until
response execution as assumed in visual search, we hypothesized that, for localization,
participants can execute their response without the need to process target features. Hence,
post-selective processing might be crucial for binding effects to emerge. Here, participants
localized coloured targets appearing on one of four corners of a touchpad in two response
conditions, namely, directly tapping on the target (direct response mapping), and tapping on
the corner diagonal opposite to the target (translational response mapping). Only the
translational response mapping yielded binding effects between localization response and
colour. The direct response mapping instead showed an effect that is better explained by (non-
spatial) Inhibition of Return or related change benefit effects. We conclude that an arbitrary
response mapping – based on a translation of a spatial feature into a non-direct spatial
response – can lead to binding effects even in localization tasks.
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Grabbing a cup of coffee or pressing a certain key-
board key can be described as an intentional move-
ment, that is, a movement executed with a
particular goal, and with anticipated perceptual
effects in mind; this aspect, the intention, is an inte-
gral and defining part of what researchers call an
“action” (e.g., Frings, Hommel, et al., 2020; Prinz,
1998). When a participant responds to a stimulus
in a laboratory task, the stimulus, its accompanying
features (even if task-irrelevant; Frings et al., 2007),
and the response are integrated into a short episo-
dic memory trace or event file (Frings, Hommel,
et al., 2020; Hommel, 1998, 2004; Hommel et al.,
2001). Upon repetition of any of its features, the
previous event file is retrieved, causing benefits
for full repetition, but interference for partial rep-
etition. In contrast, full changes cause no interfer-
ence, because nothing is retrieved (e.g., Frings,
Hommel, et al., 2020). Such stimulus-response bind-
ings are thought to underlie many actions (e.g.,
Frings, Koch, et al., 2020), and are active in a

variety of experimental paradigms, for example,
priming tasks that have a sequential character
(see, e.g., Frings, Hommel, et al., 2020; Henson
et al., 2014).

No effects for colour-location bindings?

However, the generality of binding effects for all
action has been challenged recently. Schöpper,
Hilchey, et al. (2020) asked participants to press a
button upon detection of a coloured dot appearing
at one of two locations, while systematically varying
the target colour and location to fully repeat, partially
repeat or fully change in a sequential design. Accord-
ing to action control theories, the detection of a
stimulus by pressing a button is clearly an intentional
movement and therefore constitutes an action
(Frings, Hommel, et al., 2020; Prinz, 1998; Schöpper,
Hilchey, et al., 2020). Indeed, a colour discrimination
task (run as a control experiment) showed a reliable
binding effect indicated by an interaction of response
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and location. The results for the detection task,
however, showed no binding pattern but only a
benefit for a location change, that is, inhibition of
return (IOR; Klein, 2000).

This lack of interaction between colour and
location as features, as well as non-spatial feature
and response is a known finding in attentional-orient-
ing research. Huffman et al. (2018) identified a set of
14 experiments investigating attentional orienting
effects, which involved detecting or localizing
targets in a sequence while repeating or non-repeat-
ing a task-irrelevant non-spatial target-feature (i.e.,
colour or shape).1 In the reviewed experiments,2

repeating or changing the non-spatial features did
not interact with repeating or changing the location
of the target; there was only an IOR-effect (Klein,
2000). Huffman et al. (2018) argued that when partici-
pants detect or localize a target, there is no need to
process stimulus identity; in turn, binding effects
should not occur. Although there have been rare
cases of observed binding patterns for detection
(Hilchey et al., 2020) and localization (Hilchey, Pratt,
& Lamy, 2019) performance, IOR unmodulated by
non-spatial feature repetitions or changes is the stan-
dard pattern observed in tasks that do not require
target identity discrimination (see also Hilchey,
Rajsic, et al., 2018).

One peculiarity in the localization experiments
reviewed by Huffman et al. (2018) is noteworthy: Par-
ticipants performed horizontal localization responses
to horizontally appearing targets without any distrac-
tor stimuli (Pratt & Castel, 2001, which was concep-
tually replicated by Huffman et al., 2018; Tanaka &
Shimojo, 1996, 2000; Taylor & Donnelly, 2002). Thus,
participants could execute their response directly
after localizing the object because, firstly, the per-
ceived object is undoubtedly the target (i.e., there is
no distractor or “decision noise”, Pashler, 1987; see
also Hilchey, Pratt, & Lamy, 2019), and, secondly,
because there is no distractor-driven inhibition (e.g.,
Maljkovic & Nakayama, 1996) or negative priming
(Neill & Mathis, 1998) by a previous distractor location
(see also Hilchey, Antinucci, et al., 2019). Furthermore,
it is unnecessary to process the target identity for
forming a response (Huffman et al., 2018; Schöpper,
Hilchey, et al., 2020), because a left/right target can
be responded to with a spatially compatible, non-
arbitrary left/right key press (see also Hilchey, Pratt,
& Lamy, 2019; Huffman et al., 2018). Thus, there is

no need to process the target’s identity and translate
it into an appropriate action because the action is
directly specified by the target’s location. As men-
tioned by Hilchey, Pratt, and Lamy (2019), the need
of such response translation rules, or the lack
thereof in localization tasks, is usually not addressed
(but see, Tanaka & Shimojo, 2000). Yet, they appear
likely to affect performance (e.g., Hilchey, Antinucci,
et al., 2019).

Location in visual search

In visual search, a discrepancy between simply detect-
ing a target and discriminating a non-spatial feature
of said target is well known. When participants
detect the presence of a pop-out target among
several distractors (e.g., a blue bar among multiple
red bars), repeating the dimension by which a
target pops out (e.g., colour or orientation), results
in faster reaction times (Found & Müller, 1996;
Müller et al., 1995). However, discriminating an
additional feature (e.g., vertical or horizontal stripes)
of a pop-out target (so-called compound search
tasks; e.g., Töllner et al., 2008; Zehetleitner et al.,
2012) results in partial repetition costs when the
dimension of the pop-out target and the subsequent
discrimination response neither fully repeat nor fully
change.

These differences in search tasks have been
explained by a serial processing of stimuli and fea-
tures (Müller & Krummenacher, 2006; Zehetleitner
et al., 2012; see also Schöpper, Hilchey, et al.,
2020). For example, according to Zehetleitner
et al. (2012), in compound search tasks, the target
stimulus is identified in a first, pre-attentive search
stage, followed by a post-selective discrimination
stage of the feature of interest, the latter leading
to partial repetition costs when the response is
initiated. Pashler (1991, 1998) proposed that when
a participant responds to a stimulus, the execution
of a response follows a first stage of perceptual
analysis and a second stage involving a decision
or response selection. In a similar vein, the guided
search model (Wolfe, 1994; Wolfe et al., 1989) pro-
poses a first stage in which basic visual features
of a target are processed followed by a second
stage involving cognitive processes that are per-
formed on the target to execute a response. Thus,
it can be argued, that for simply detecting or
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localizing the target, only the first stage of analysis
is relevant.3

Merging ideas: Action control, attentional
orienting, and visual search

Applying such a serial processing logic of visual
search to a non-spatial discrimination task would
mean that a non-spatial discrimination response is
the result of a first perceptual analysis in which the
target is located, followed by the discrimination of
the non-spatial feature to determine the correct
response; the latter is achieved by an arbitrary stimu-
lus-response (S-R) mapping (e.g., Henson et al., 2014).
Thus, to execute the response, a cognitive operation
has to be performed after the selection stage in
order to discriminate features that are not defined
by location (see also, e.g., Hilchey, Leber, & Pratt,
2018; Huffman et al., 2018). We will call this a post-
selection operation. In this view, the initial perceptual
stage may be common for detection, localization, and
non-spatial discrimination performance (e.g., Treis-
man & Gelade, 1980). However, when participants
merely have to detect or localize a target, they do
not need to involve the post-selection discrimination
stage (i.e., no S-R mapping is needed to translate the
stimulus feature into a response): The response is
directly specified by the selection. Although there is
always an S-R mapping when participants detect or
localize a target, as long as a response is given to a
stimulus (i.e., there is some sort of mapping to ident-
ify, for example, the right key on a keyboard as the
response field for targets appearing in the right half
of a screen), we argue that an S-R mapping for detec-
tion and localization responses is executed without
any post-selection processing, because it is based
on direct (visuomotor) mechanisms (see, e.g., Fournier
et al., 2010, 2015; Wiediger & Fournier, 2008), is fully
compatible (see, e.g., Kornblum et al., 1990), non-arbi-
trary, and highly overlearned (see, e.g., Kiesel et al.,
2010). Referring to the translational model (for
Stroop interference) by Virzi and Egeth (1985), in
localization performance a spatial stimulus is pro-
cessed (by some sort of spatial system) to give a
spatially congruent response, whereas a non-spatial
stimulus (processed by some sort of non-spatial
system) demands a translational mechanism to give
a spatial response. Similar translational sequences
have been argued for differentiating detection and

localization performance from discrimination and
compound search performance in visual search (cf.
Müller et al., 2003, pp. 1032–1033): For example,
Töllner et al. (2012) argued that response selection
in localization and detection tasks relies on rather
automatic processes (“feedforward processing”); in
contrast, response selection in discrimination and
compound tasks involves recurrent extraction of
stimulus identity information (“recurrent processing”).
In other words, a translation from feature space to
response space is necessary for non-spatial discrimi-
nation tasks. Simply put, binding effects might be
found (only) in translation.

The present study

We hypothesized that a binding effect would mani-
fest in a localization task if the location itself has to
be processed in a post-selection stage to be trans-
lated into a response. To test this prediction, we
asked participants to localize red or blue target dots
that appeared in the four corners of a touch screen.
In one response condition, participants had to directly
tap on the appearing target. In the second response
condition participants had to tap the corner diagon-
ally opposite to the target. We hypothesized that
the arbitrarily assigned but constant S-R mapping
that had to be processed after selection in the
second response condition should produce a
binding effect (i.e., it is found in translation of the S-
R rule): Participants should be faster when response-
relevant location4 and response-irrelevant colour
both repeat, but interference should occur if colour
changes. In contrast, response-relevant location
changes should be beneficial if colour changes com-
pared to repeats (i.e., we expect partial repetition
costs due to response repetitions and changes, con-
gruent with S-R binding; Hommel, 1998, 2004). This
effect should be absent for the direct response
mapping, in which participants could directly
respond to the location without the need to process
a stimulus feature post-selection.

Experiment 1

Participants

In the current study, a binding pattern between local-
ization response and colour is computed as the

VISUAL COGNITION 3



interaction of location relation x colour relation. Such
a pattern is typically absent in localization perform-
ance (e.g., Huffman et al., 2018; Schöpper & Frings,
submitted). However, binding effects between
response and location, colour, or form, etc., in dis-
crimination performance are usually strong and
stable with a medium to high effect size (e.g.,
Frings et al., 2007; Schöpper, Hilchey, et al., 2020;
Schöpper, Singh, & Frings, 2020). Thus, we set out
to achieve a power of at least 1−β = .90, and
expected medium effect size of d = 0.5 resulting in
a minimum sample of N = 36 participants (G*Power,
Version 3.1.9.2; Faul et al., 2007). Accordingly, forty
students of the University of Trier participated for
course credit and gave written informed consent.
The experiment complied with ethical standards for
conducting behavioural experiments at the Univer-
sity of Trier. One participant did not comply with
the instructions and often failed to tap onto the
target; this participant’s data were excluded from
analysis. This resulted in a sample of 39 participants
(29 women, 10 men, Mage = 22.54, SDage = 3.33, age
range: 18–33 years) with sufficient power for detect-
ing a medium sized effect of 1–β = .92 (error prob-
ability: α = 0.05, one-tailed).

Apparatus and materials

The experiment was run in E-Prime 2.0 (Psychology
Software Tools, Pittsburgh, PA). Stimuli were dis-
played on a 7” touch monitor (Faytech Ldt., Henzen,
China) secured on a mount with an approximate
average viewing distance of 45 cm in front of the par-
ticipant. Instructions for the experiment appeared on
a larger monitor behind the touch monitor prior to
testing. The touch monitor spanned a field of
19.42° × 10.92° of visual angle, on which a screen res-
olution of 1680 × 1050 px was projected. Because the
aspect ratio of the physical screen size and screen res-
olution did not fully match, the presented stimuli
appeared minimally stretched (i.e., round target dots
were minimally elliptical); additionally, some pixels
on each edge disappeared behind the physical
frame of the touch monitor. In front of a black back-
ground (0.32 cd/m²), a white fixation cross (158.43
cd/m²) spanning a field of approximately 0.89° ×
0.76° (length × height) of visual angle was presented
at the centre of the screen. Each corner contained a
grey circle (R/G/B-coordinates: 127/127/127;

luminance: 21.63 cd/m²) spanning a field of approxi-
mately 1.38° × 1.23° of visual angle with an approxi-
mate line width of 0.1° (horizontal plane)/ 0.06°
(vertical plane) of visual angle. These circles were
empty (i.e., black) and served as key-equivalents or
placeholders (see below). A red (R/G/B-coordinates:
237/28/36; luminance: 28.23 cd/m²) or blue (R/G/B-
coordinates: 63/72/204; luminance: 14.7 cd/m²)
target dot could appear in any of the four grey
circles. Accordingly, these coloured fillings were
approximately 1.17° × 1.06° of visual angle. The four
possible target locations were horizontally approxi-
mately 15.56° of visual angle and vertically approxi-
mately 7.12° of visual angle apart (centre-to-centre).
The diagonal distance between the fixation cross
and target locations was approximately 8.64° of
visual angle (centre-to-centre). A touch response in
the lower field of the screen, spanning up to 225
pixel (approx. 2.42° of visual angle) above the centre
of the lower target dots, or a touch response in the
upper field of the screen, spanning up to 225 pixel
(approx. 2.42° of visual angle) below the centre of
the upper target dots was counted as a response by
the programme. All responses to the lower/upper
left half of the screen were counted as a lower/
upper left response, and all responses to the lower/
upper right half of the screen were counted as a
lower/upper right response.

Design

The experiment used a 2 (response condition: direct
response vs. translational response) x 2 (location
relation: repetition vs. changed) x 2 (colour relation:
repetition vs. changed) design. All variables were
varied within-subjects. A binding effect is derived
from the interaction of location relation and colour
relation, its modulation by task type is derived from
the three-way interaction.

Procedure

Participants either responded by directly tapping on
the target (direct response condition) or by tapping
on the grey circle on the opposite diagonal corner
of the appearing target (translational response con-
dition). Participants performed both response con-
ditions; their order was balanced across participants.
Except for the response mapping, the procedure of
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both versions was the same. The experiment took
place in a dimly lit room, with the experimenter
sitting in a directly adjacent room. The experiment
started with the instructions appearing on the larger
monitor behind the touchmonitor, including a photo-
graph of how to grab the touch monitor (cf. Figure 1
(a), the “neutral” position of the non-responding
thumb in-between circles). In the instructions, partici-
pants were encouraged to ask the experimenter if any
questions persisted; if not, participants worked
through the whole experiment without supervision.
After the first response condition was completed,

the instructions for the second condition appeared
on the screen. Participants started the experiment
by pressing the space bar. During testing, the
screen of the larger monitor was black and the exper-
iment took place on the touch screen. A trial consisted
of a prime display and response followed by a probe
display and response. The probe display either
repeated or changed the target’s location and/or
colour of the prime display. During a whole prime-
probe-sequence, there was a grey circle placeholder
in every corner of the touch screen (which only disap-
peared during error messages or a break). A trial

Figure 1. (a) The display for both response mapping conditions in Experiment 1 was the same (colour, and luminance, the latter
causing some blurriness in the photograph, are not adequately captured by the camera due to dimmed light; see materials-
section for colour and luminance); the versions only differed in the instructions given for responding. The example depicts a
display, in which a coloured dot appears in the lower left corner. In the direct response condition, participants would have to directly
tap on it. In the translational response condition, participants would have to tap the corner diagonally opposite to the target dot, that
is, they would have to tap the grey circle in the upper right corner. Note that the red or blue dot could appear in any of the four
corners. (b) Experimental sequence (not drawn to scale) of an example trial for Experiment 1 (upper row) and Experiment 2
(lower row). In Experiment 1, a red or blue target dot could appear at all four corners on screen and participants were instructed
to either directly tap on it or to tap on the grey circle in the diagonally opposing corner, depending on the response mapping con-
dition (see main text). Note the grey circles in Experiment 1, which were shown throughout a whole prime-probe sequence and served
as key-equivalents/ placeholders. In Experiment 2, a red or blue target dot could appear at either of the two lower positions on the
screen and participants were instructed to directly tap on it. Both sequences depict a trial, in which the location changes, but the
colour repeats (LCCR).
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started by a fixation interval of 500–750 ms, in which a
white fixation cross was visible on screen. Afterwards,
for the prime display the fixation cross was
accompanied by a red or blue target dot appearing
in one of the grey circles of the touch monitor. Partici-
pants responded according to the instructions given
for the respective response conditions (see Figure 1
(a)). Responses on the left side of the screen had to
be executed with the left thumb, responses on the
right side of the screen had to be executed with the
right thumb. The prime target stayed on screen
until a response was given without a time limit.
After the prime response, only the fixation cross and
the grey circles were shown for 500 ms, followed by
the probe display. The probe display and task were
the same as for the prime display. After a probe
response was given, the screen turned blank (i.e.,
only grey circles on black background) for 500 ms,
ending a prime-probe sequence. After an incorrect
response, an error message appeared on the touchsc-
reen for 1500 ms.

From prime to probe, the colour and position of
the target dot could repeat or change, resulting in
four prime-probe conditions. In trials with location
repetition and colour repetition (LRCR), the same
colour repeated from prime to probe at the same
position. In trials with location repetition and
colour change (LRCC), the colour switched from
prime to probe but appeared at the same position.
In trials with location change and colour repetition
(LCCR), the colour of the target dot repeated while
the position changed. Finally, in trials with location
change and colour change (LCCC), both the colour
and position of the target dot changed from prime
to probe. Because there were four possible locations,
location changes could occur horizontally, diagon-
ally, or vertically. Although we were interested in
the overall location change effect, the three response
change possibilities were equally balanced across
change conditions. Each response condition con-
sisted of sixteen practice trials followed by 288
experimental trials. The latter comprised 72 trials
for each prime-probe condition. Participants started
with one response condition, followed by the other
response condition, with the order being switched
with every new participant. In each response con-
dition, colour, location, and location changes were
pseudo-randomly balanced across all participants.
An example trial is presented in Figure 1(b), upper

row. After the 96th and 192nd trial in each response
condition, the participant could take a self-paced
break.

Results

Reaction times

Reaction times were operationalized as the time of
probe response execution after probe target onset.
Only reaction times above 100 ms or below 1.5
interquartile ranges above the third quartile of a par-
ticipant’s distribution (Tukey, 1977) were included
for analysis. Additionally, only trials in which the
prime and probe response was correct5 were
included. This resulted in 8.12% of probe trials
being discarded.

We performed a 2 (response condition: direct
response vs. translational response) x 2 (location
relation: repeated vs. changed) x 2 (colour relation:
repeated vs. changed) repeated measures ANOVA
on reaction times. There was a main effect of response
condition, F(1, 38) = 233.20, p < .001, h2

p = .86, with
participants responding faster in the direct response
condition (472 ms) than in the translational response
condition (557 ms). There was a main effect of
location relation, F(1, 38) = 202.93, p < .001, h2

p = .84,
with participants responding faster, when location
repeated (464 ms) compared to when it changed
(564 ms). The main effect of colour relation was not
significant, F(1, 38) = 1.36, p = .252, h2

p = .03. There
was an interaction of response condition and location
relation, F(1, 38) = 76.18, p < .001, h2

p = .67: Changing
(622 ms) the location was slower than repeating the
location (491 ms) in the translational response con-
dition. This pattern was also found when responding
directly, but not as pronounced (location repetition:
437 ms; location change: 506 ms). There was also an
interaction of response condition and colour relation,
F(1, 38) = 8.83, p = .005, h2

p = .19: Changing (560 ms)
the colour yielded slower responses than repeating
the colour (554 ms) in the translational response con-
dition. This pattern was absent when responding
directly (colour repetition: 473 ms; colour change:
471 ms). The interaction of location relation and
colour relation was not significant, F(1, 38) = 0.02, p
= .887, h2

p < .01 (LRCR: 463 ms; LRCC: 465 ms; LCCR:
563 ms; LCCC: 565 ms). Crucially, the three-way inter-
action of response condition, location relation and

6 L.-M. SCHÖPPER ET AL.



colour relation was significant, F(1, 38) = 9.28, p = .004,
h2
p = .20.
Because the response condition modulated the

interaction of location relation x colour relation –
that is, task type presumably modulated the occur-
rence of binding effects – we calculated the 2
(location relation: repeated vs. changed) x 2 (colour
relation: repeated vs. changed) ANOVA separate for
both tasks for better comparability. In the direct
response condition, the main effect of location
relation was significant, F(1, 38) = 61.36, p < .001, h2

p

= .62 (location repetition: 437 ms; location change:
506 ms), whereas the main effect of colour relation
was not, F(1, 38) = 0.80, p = .376, h2

p = .02. The inter-
action of location relation and colour relation (see
Figure 2(a)) was significant, F(1, 38) = 5.57, p = .024,
h2
p = .13. However, this pattern was opposite to what

binding approaches in action control would predict:
Repeating a location was slower when the colour
repeated (441 ms) compared to when it changed
(434 ms); however, this partial repetition benefit did
not reach significance, t(38) = 2.01, p = .052, d = .32.
Location changes6 descriptively yielded mild
benefits for colour repetitions (505 ms) compared to
colour changes (508 ms), which, however, was not sig-
nificant, t(38) = 1.40, p = .171, d = 0.22. In the transla-
tional response condition, the main effect of
location relation, F(1, 38) = 370.47, p < .001, h2

p = .91
(location repetition: 491 ms; location change: 622
ms), and the main effect of colour relation, F(1, 38)
= 6.13, p = .018, h2

p = .14 (colour repetition: 554 ms;
colour change: 560 ms), were significant. The inter-
action of location relation and colour relation (see

Figure 2(b)) was significant, F(1, 38) = 4.85, p = .034,
h2
p = .11, and congruent with assumptions about

binding effects: Repeating a location was faster
when the colour also repeated (486 ms) compared
to when it changed (496 ms); this partial repetition
cost was significant, t(38) = 3.19, p = .003, d = 0.51.
Location changes were not significantly affected by
repeating (622 ms) or changing (623 ms) the colour,
t(38) = 0.41, p = .682, d = 0.07.

The interactions showed a pattern that was con-
gruent with a binding effect between localization
response and colour for the translational response
condition, but not for the direct response condition.
For sake of completeness and comparability with
previous studies, we analyzed the overall binding
effects (see, e.g., Frings, 2011; Schöpper, Singh, &
Frings, 2020; Singh et al., 2016). We calculated a
differential value of (LRCC-LRCR)-(LCCC-LCCR) for
each response condition. This differential value
resembles the interaction of location relation and
colour relation of each condition and sums up the
benefit of full over partial repetition for localization
response repetitions and the benefit of full over
partial change for localization response changes. A
(significant) positive value is interpreted as a
binding pattern, a value not significant from 0 indi-
cates no effect, and a (significant) negative value is
interpreted as a pattern resulting from other pro-
cesses than binding (i.e., a pattern incongruent
with binding assumptions). Each value was sub-
mitted to a one-sample t-test (two-sided). The
value for the direct response was −10 ms and sig-
nificantly smaller from zero, t(38) = 2.36, p = .024, d

Figure 2. Line graphs depicting the interactions of location relation and colour relation, separate for the (a) direct and (b) translational
response conditions of Experiment 1, as well as (c) the control condition of Experiment 2. Error bars represent the standard errors of
each mean.
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= 0.38. It resulted mostly from the (non-significant) 7
ms benefit for colour change when location
repeated (see above). The value for the translational
response was 9 ms, significantly larger than zero, t
(38) = 2.20, p = .034, d = 0.35, and thus showing a
binding effect. This effect was driven by the 10 ms

benefit for colour repetition when location repeated
(see above). As indicated by the three-way inter-
action above, the two calculated effects (see Figure
3(a)) were different from each other when submitted
to a paired sample t-test, t(38) = 3.05, p = .004, d =
0.49.

Figure 3. Violin plots of calculated interactions of location relation and colour relation, separate for (a) direct and translational
response conditions of Experiment 1, and (b) the control condition of Experiment 2. Every black unfilled dot represents a calculated
value for a participant in the respective response condition. Black filled dots are means, and error bars depict the standard error of
each mean. Note that in Experiment 1, participants performed both response conditions, but that a different sample participated in
Experiment 2. (a) The translational response shows a binding effect of 9 ms. The direct response shows no binding but an effect driven
by a colour change benefit in location repetitions due to IOR-like inhibitory processes (Hu et al., 2011). (b) The control experiment
shows no binding effect.
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Reaction time distribution analyses

The translational responses were on average 85 ms
slower than the direct responses. This fits well with
the idea that spatially compatible responses are
usually fast (e.g., Fitts & Deininger, 1954; Fitts &
Seeger, 1953; Kornblum & Lee, 1995; Schaffer, 1965),
but is also consistent with the view that translation
involves a serial, post-selection, processing stage,
which takes time to complete. In a different view
(see Schöpper, Hilchey, et al., 2020), one might
argue that retrieval and response generation race in
parallel towards action and that the direct localization
response is executed so fast that retrieval processes
have no chance to alter it (“horserace account”,
Frings & Moeller, 2012; Neill, 1997). If so, a binding
pattern in direct responses would manifest in late
reaction times. To test for this, we calculated cumulat-
ive reaction time distribution functions (e.g., Taylor &
Ivanoff, 2005; see also Schöpper et al., 2022; Schöpper
& Frings, 2022).

After applying the cut-off criteria mentioned
above, we took the 10th, 25th, 50th, 75th, and 90th
percentile of each condition of each participant, sep-
arate for direct and translated responses (see Table A1
in Appendix). From that, we calculated the differential
value of (LRCC-LRCR)-(LCCC-LCCR), that is, the binding
effect, separate for each percentile for each response
condition. We then submitted the calculated binding
effects of direct and translated responses to separate
ANOVAs (with Greenhouse-Geisser correction due to
violations of sphericity) with percentile (10th vs.
25th vs. 50th vs. 75th vs. 90th) as the only factor.
For direct responses, the main effect of percentile
was significant, F(1.397, 53.097) = 5.72, p = .012, h2

p

= .13, in that the calculated differential value
became increasingly negative with increasing percen-
tile (10th: 2 ms; 25th: 6 ms; 50th: −7 ms; 75th: −22 ms;
90th: −34 ms; see Figure 4). For translated responses,
the main effect of percentile was not significant, F
(1.888, 71.743) = 0.31, p = .725, h2

p = .01, in that the cal-
culated differential value remained stable across per-
centiles (10th: 6 ms; 25th: 8 ms; 50th: 14 ms; 75th: 13
ms; 90th: 9 ms; see Figure 4).

Discussion

In Experiment 1, participants performed the same
localization task in two different response conditions.

When participants had to translate their response
prior to execution, and thus had to process the S-R
mapping after stimulus selection (similar to a
response selection stage in visual search; e.g.,
Pashler, 1991; Zehetleitner et al., 2012), colour was
bound to the localization response and caused retrie-
val upon repetition. Intriguingly, a binding effect that
is normally not observed in location tasks was found.
As expected, no binding effect, but even a pattern
completely contrary to what action control theories
would predict, was observed when participants
directly tapped onto the appearing target (i.e.,
without the need to process anything after
localization).

The binding effect in the translational response
condition was purely driven by a colour repetition
benefit at localization response repetitions – in
other words we only observed partial repetition
costs when the response repeated. Usually, one
could also expect partial repetition costs for response
changes, that is, whenever an event file’s components
partially repeat (e.g., Hommel, 2004; Schöpper,
Hilchey, et al., 2020). Because partial repetition costs
only manifested in localization response repetitions,
the overall binding effect was smaller in size com-
pared to what has been observed in other studies
(e.g., Singh et al., 2016; Schöpper, Singh, & Frings,
2020). In turn, one might argue that the results are
better explained via other effects, like stimulus-
response repetition heuristics: If all information
repeats, responses are faster, compared to a response
repetition with partial repetition of information (e.g.,
Pashler & Baylis, 1991), with no specific predictions
for response changes. However, we think this might
relate to our mapping of four responses on two
fingers: Response repetitions were likely the easiest
or least laborious responses because the correspond-
ing thumb was already at the correct location after
the prior response. Location changes – and with
that response changes – might have been “contami-
nated” by motor selection biases towards response
repetitions. This interpretation of a bias for location
repetitions due to our experimental design is also
supported by a 69 ms benefit for location repetitions
in the direct response condition. At first glance, this
location repetition benefit is in stark contrast with a
location repetition cost, that is, IOR, which would
be expected in a localization task in which the
target resembles the response (e.g., Huffman et al.,

VISUAL COGNITION 9



2018); however, other studies investigating IOR invol-
ving more than one response option for a hand
movement had participants move their hand to a
neutral position in-between responses (e.g., joystick-
studies; Avery et al., 2015; Cowper-Smith & West-
wood, 2013). Although this would have avoided
motor contamination in the current study as well,
this would also come with the cost of longer intervals
between responses. We refrained from introducing a
neutral position between responses, because more
time between prime and probe weakens binding
effects (e.g., Frings, 2011; Hommel & Frings, 2020;
Schöpper et al., 2022). In conclusion, mapping one
finger on two responses, each of which mapped to
one location (i.e., a 1:2:1 mapping), in both of our
localization tasks, is more complex compared to
mapping one finger on one response for one (i.e., a
1:1:1 mapping; e.g., Tanaka & Shimojo, 2000) or mul-
tiple (e.g., a 1:1:2 mapping in Hilchey, Pratt, & Lamy,
2019) target locations. Accordingly, we suggest inter-
preting the absence of partial repetition costs in

location/response changes of Experiment 1 with
some caution.

Reaction time distribution analyses revealed that
no binding pattern emerged in late direct responses.
In contrast, the “negative binding effect” in the direct
response condition, which was also observed in the
mean reaction time analysis, was increasingly pro-
nounced with increasing percentile (see General Dis-
cussion). The binding effects calculated for the
translated response condition did not significantly
differ between percentiles.

Experiment 2 (IOR control)

As expected, the direct response condition in Exper-
iment 1, in which participants had no need to process
any stimulus feature after localization, did not show a
binding pattern. However, neither did it show a
benefit for location changes, likely because of a
(motor) bias for response repetitions. There was a
mild, non-significant colour change benefit when

Figure 4. The calculated interaction of location relation and colour relation on the y-axis and reaction times on the x-axis as a function
of percentile (cf. delta plots; see De Jong et al., 1994; Ridderinkhof, 2002) and response conditions of Experiment 1 (translated and
direct response) and Experiment 2 (control: direct response). The black (translated response), white (direct response), and grey
(control: direct response) dots represent the 10th, 25th, 50th, 75th, and 90th percentile for each function. See the main text for expla-
nations. Error bars represent the standard error of each mean of each averaged percentile for the differential value (y-axis) and overall
reaction times (x-axis).
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location repeated. On the one hand, this fits with other
experimental paradigms in which so-called negative
repetition effects emerge, that can occur independent
of event file retrieval (e.g., Cochrane & Milliken, 2020;
cf. Spadaro et al., 2012). On the other hand, such
feature-change benefits for non-spatial features – in
the literature debated as resembling non-spatial IOR
(e.g., Hu et al., 2011, 2013; Law et al., 1995) or repetition
blindness (Fox&de Fockert, 2001; Taylor&Klein, 1998) –
can arise in complex detection tasks specifically at
location repetitions (Hu et al., 2011, 2013). For
example, Lupiáñez (2010) argues that (in cue-target
designs, in which one responds only to the second of
two stimuli) a whole object (file) is generated at a
location and causes IOR if the location repeats,
because the cognitive system assumes the object to
resemble the previous one (i.e., “detection-cost
theory”). Crucially, if non-spatial information is part of
the object file, non-spatial feature repetition slows
down responding, because it is thought to be
“absorbed” by the previous object file – whereas a
feature change is beneficial as the cognitive system
assumes the detection of something new (for a discus-
sion, see Hu et al., 2011).

To test that direct localization responses are
affected by “typical” IOR,7 we conducted Experiment
2. In this simplified version of the direct response con-
dition of Experiment 1, participant localized coloured
dots appearing at only two locations. By this, one
finger was mapped to one response for one location
(i.e., a 1:1:1 mapping as in, e.g., Tanaka & Shimojo,
2000), which should yield a typical IOR-pattern as
observed in previous localization tasks (e.g.,
Huffman et al., 2018).

Methods

Participants

Thirty students of the University of Trier participated
for either course credit or a monetary reward (4 €),
and gave written informed consent. Experiment 2
compliedwith ethical standards for conductingbehav-
ioural experiments at the University of Trier. One par-
ticipant did not directly tap on targets and was
excluded from analysis. This resulted in a sample size
of 29 participants (22 women, 7 men, Mage = 23.24,
SDage = 4.05, age range: 18–37 years). Experiment 2
was done to replicate the standard IOR-effect which

is reliably observed with much smaller sample sizes
(e.g., Tanaka & Shimojo, 1996). Accordingly, a sample
size of 29 participants yields a power of 1−β = .96 for
detecting a medium to large effect (e.g., Huffman
et al., 2018; Schöpper & Frings, submitted) of d = 0.65
(error probability: α = 0.05, one-tailed).

Apparatus and materials

Experiment 2 used the same apparatus as Experiment
1. The visual display of Experiment 2 was a modifi-
cation of that used in Experiment 1. The white
fixation cross (0.89° x 0.76° of visual angle) was pre-
sented in the upper half of the screen. Red or blue
target dots (1.17° x 1.06° of visual angle) could
appear at the left or right side in the lower half of
the screen. There were no grey circle placeholders.
The two possible target locations were approximately
15.69° of visual angle apart and the diagonal distance
between the fixation cross and target locations was
approximately 9.4° of visual angle (all centre-to-
centre). Participants were instructed to directly tap
on the appearing target; a touch response in the
lower field of the screen, spanning up to 200 pixels
(approx. 2.16° of visual angle) above the centre of
the target dot, was counted as a response by the pro-
gramme. All responses to the left half of the screen
were counted as a left response and all responses to
the right half of the screen were counted as a right
response.

Design

The experiment used a 2 (location relation: repetition
vs. change) x 2 (colour relation: repetition vs. change)
design. All variables were varied within-subjects.

Procedure

The trial sequence (see Figure 1(b), lower row) was
identical to Experiment 1, except for the following.
In the prime or probe display, a red or blue target
dot appeared in the lower left or lower right of the
touch monitor. Participants were instructed to tap
their left or right thumb directly on targets appearing
on the left or right side, respectively. The experiment
consisted of sixteen practice trials followed by 240
experimental trials, the latter comprising 60 trials for
each prime-probe condition. Colour and location
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were pseudo-randomly balanced across all conditions
and participants. After the 80th and 160th trials the
participant could take a self-paced break.

Results

Reaction times

The same inclusion and cut-off criteria as reported for
Experiment 1 were used,8 resulting in 7.16% of probe
trials being discarded.

A 2 (location relation: repeated vs. changed) x 2
(colour relation: repeated vs. changed) repeated
measures ANOVA revealed a main effect of location
relation, F(1, 28) = 7.23, p = .012, h2

p = .21, indicating
IOR: Participants responded faster when location
changed (335 ms) compared to when it repeated
(348 ms). The main effect of colour relation was not
significant, F(1, 28) = 0.55, p = .463, h2

p = .02. The inter-
action of location relation and colour relation (see
Figure 2(c)) was not significant, F(1, 28) = 0.60, p
= .446, h2

p = .02. Repeating (348 ms) or changing
(348 ms) the colour did not affect localization
response repetitions, t(28) = 0.01, p = .993, d < 0.01.
Neither did repeating (334 ms) or changing (336 ms)
the colour significantly affect localization response
changes, t(28) =−1.23, p = .230, d =−0.23. For the
sake of completeness, we calculated the differential
value of the interaction as in Experiment 1. The differ-
ential value (see Figure 3(b)) for this interaction was
−2 ms and as expected not significant, t(28) =−0,77,
p = .446, d =−0.14.

Reaction time distribution analyses

After applying the cut-off criteria mentioned above,
we took the 10th, 25th, 50th, 75th, and 90th percentile
of each condition (see Table A2 in Appendix) of each
participant and calculated the differential value of
the interaction as reported for Experiment 1. The
ANOVA (withGreenhouse-Geisser correction) revealed
no main effect of percentile, F(1.927, 53.954) = 1.26, p
= .291, h2

p = .04 (10th:−1ms; 25th:−2ms; 50th:−3ms;
75th: 3 ms; 90th: −6 ms; see Figure 4).

Discussion

In Experiment 2, participants localized coloured target
dots appearing at two locations by directly tapping

on them. The results replicated the classic IOR-effect
typically found in localization tasks (Huffman et al.,
2018) without any evidence of a binding pattern.
Thus, we conclude that the pattern for direct
responses in Experiment 1 was likely due to IOR-like
processes.

General discussion

Stimulus-response binding effects typically occur
when participants have to discriminate non-spatial
features but not when their action only involves the
localization of targets (see Huffman et al., 2018). We
asked whether this distinction relies on the need of
a translational S-R mapping in the former situation
that is not needed in the latter. In Experiment 1, par-
ticipants either tapped on a coloured dot (direct
response condition), or tapped in the diagonal oppo-
site corner (translational response condition). The
translational response yielded a binding effect of
localization response and colour, whereas the direct
response did not.

Our experiment referred to a proposed serial pro-
cessing architecture in visual search (e.g., Pashler,
1998; Töllner et al., 2012; Wolfe, 1994; Zehetleitner
et al., 2012) by instructing participants in the transla-
tional case to process a target after identification, that
is, post selection: To execute the (spatial) response,
participants had to perform a cognitive operation
based on the location of the target (a spatial
feature, see also Hilchey et al., 2020) – the non-
spatial feature (colour) was completely task-irrelevant.
Thus, binding effects are not necessarily absent in all
kinds of simple localization performance. When the
response requires minimal spatial feature processing
through a direct spatial mapping (i.e., highly compati-
ble and overlearned; c.f., Kiesel et al., 2010; Kornblum
et al., 1990), no binding effects are observed (e.g.,
Huffman et al., 2018). However, the translational
case, which required spatial information as well but
demanded expanded processing, showed binding
and retrieval of responses and non-spatial feature
(colour). We thus conclude that a more general
post-selection stage that processes spatial and non-
spatial features leads to partial repetition costs (e.g.,
Hilchey, Rajsic, et al., 2018; Schöpper, Hilchey, et al.,
2020; Zehetleitner et al., 2012).

This is not the first study that compared localiz-
ation performance with spatially congruent and
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incongruent responses. Several researchers investi-
gated if such response mappings have an effect
on IOR in cue-target designs in which a response
is given only to the second of two targets. For
example, Wascher et al. (2015) showed that IOR in
a cue-target design was not modulated by compati-
ble or incompatible (e.g., left key for right target)
manual key presses (see also Eng et al., 2017).
Given the current results, this could be traced
back to not giving a response to the cue – in con-
trast, our design involved a response to the first
stimulus, that is, the prime target, spurring on the
integration of information into an event file which
could be subsequently retrieved (e.g., Frings,
Hommel, et al., 2020). However, Khatoon et al.
(2002) found that indirect eye and manual pointing
movements (e.g., Experiment 3: Executing a saccade
or pointing response, respectively, to the position
opposite to the target position), leads to IOR
being observed at later stimulus-onset-asynchronies
(SOAs) between cue and target compared to an
earlier onset for direct eye and manual pointing
movements. Among others, the authors discuss
this in the context of indirect responses being
potentially influenced by prolonged facilitation of
the position of the cue (Khatoon et al., 2002,
pp. 2702–2703). This would be congruent with our
view that the translated-response condition in the
current study benefited from information from the
previous trial, that is, retrieval of the prime event
file. Lastly, Eng et al. (2017) found that in saccadic
responses, spatially incompatible eye movements
(e.g., a saccade to the left as a response for a
target appearing to the right) diminishes or even
reverses IOR into a benefit for location repetitions
(see also Khatoon et al., 2002). Given the current
results, this could be attributed to a spatially incom-
patible response spurring on retrieval of previous
stimulus information due to post-selective target
processing. This then masks IOR (cf. Hilchey, Rajsic,
et al., 2018; Schöpper et al., 2022). However, as in
Wascher et al. (2015), Eng et al. (2017) did not
observe this effect for manual keypresses. Why this
effector difference in cue-target designs arises is
unclear from an action control perspective (as
both eye and manual movements are affected by
integration and retrieval, Schöpper et al., 2022),
but might be attributed to saccadic IOR being
influenced by specific oculomotor processes (e.g.,

Klein & Hilchey, 2011; Wang et al., 2012; for a discus-
sion, see Schöpper et al., 2022).

In previous studies, location and colour usually did
not bind together (Hilchey et al., 2017; Hommel, 1998,
2007; Huffman et al., 2018, 2020; but see Hilchey,
Pratt, & Lamy, 2019). Hommel (2007) argues that
location becomes bound only when it is task relevant
(e.g., by task demands or a spatially defined response
set). Hilchey et al. (2020) recently reported partial rep-
etition costs for location in detection performance
when participants had to detect or localize coloured
dots depending on if they appeared on the vertical
or horizontal axis. They attributed this to the need
for spatial information processing prior to respond-
ing. This is consistent with our proposal that
binding occurs when target features (e.g., location
or colour) have to be processed after selection to
produce a translational response.

There is a longstanding debate in attention
research, whether location is processed in the same
way as other features like colour or shape (e.g., Bun-
desen, 1991), or whether it is special (e.g., Sagi &
Julesz, 1985; Van der Heijden, 1993). Furthermore, it
is debated if non-spatial feature processing is contin-
gent on location processing (Tsal & Lavie, 1988).
Fituousi (2016) showed that the contingency of
colour processing following location processing can
be dependent on the ease of discriminability of the
location feature (relative to the discriminability of a
non-spatial feature): Following Fituousi (2016),
making the location feature harder to discriminate
spurs on processing as for non-spatial features. In
contrast, in typical localization tasks (see Introduction)
the location feature is usually easily discriminable.
This was also the case in the current study: One local-
izable (coloured) dot on screen demanded a
response. Future research needs to determine
whether our proposed sequential stages – target
identification followed by post-selective processing
(which then leads to response execution) – can be
further modulated. Starting points could be, for
example, that binding between non-spatial features
occurs irrespective of location repetitions or
changes (Fitousi, 2018; Hommel, 1998), or that
different types of feature-binding emerge depending
on whether location varies or is kept constant (Singh
& Frings, 2020).

Following the horserace-account (Frings &
Moeller, 2012; Neill, 1997), it could be argued that
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detection and localization responses are executed so
fast that retrieval has no chance to affect them
(Schöpper, Hilchey, et al., 2020; see also Chao &
Hsiao, 2021). However, first, reliable binding effects
in colour discrimination tasks have been found in
the time-range of the direct responses9 of Exper-
iment 1 (e.g., Schöpper, Hilchey, et al., 2020) as
well as in even faster auditory detection responses
(Mondor & Leboe, 2008; Schöpper & Frings, 2022).
Second, we looked at the differential value of the cal-
culated interaction – in the action control literature
referred to as the binding effect (e.g., Schöpper,
Singh, & Frings, 2020; Singh et al., 2016) – depending
on reaction time percentiles (see also Schöpper &
Frings, 2022, submitted). Although feature rep-
etitions and changes affected especially late
responses in the direct response condition, this
effect was diametral to what action control theories
would predict: A partial repetition benefit (in reaction
time means driven by a feature change benefit at
location repetitions; see also Hu et al., 2011, 2013)
spurring on a negative differential value that was
increasingly pronounced with increasing percentile.
This suggests some type of retrieval operation
affecting especially late responses in IOR effects
and alike (see also Chao et al., 2020). Hu et al.
(2011) argued that non-spatial IOR specifically
emerges in complex displays. In a follow-up study,
Hu et al. (2013) showed that this type of non-
spatial feature change benefit declines with decreas-
ing display complexity – interestingly, response
times also became faster with decreasing display
complexity. Given Chao et al. (2020) and the
current results it could be argued that it is not
display complexity per-se, but rather increasing
response times that come with increasingly
complex displays spurring on non-spatial IOR
effects and alike. However, it still remains unclear
why retrieval affects localization (current study) and
detection (Chao et al., 2020) performance differently
than it affects tasks in which partial repetition costs
are found. Additionally, it would be interesting to
see if both effects similarly decline with increasing
intervals between prime and probe displays, as
event files quickly decay over time (Frings, 2011;
Hommel & Frings, 2020; Schöpper et al., 2022;
see however, stable effects for longer SOAs in Hu
et al., 2011). To summarize, time is not necessarily
the crucial limitation for binding patterns in

classical localization experiments: More general,
the context of an action (Hommel et al., 2000; Mem-
elink & Hommel, 2007), accompanying distractors
(Campana & Casco, 2009; Hilchey, Pratt, & Lamy,
2019), response rules and response mappings (e.g.,
Hommel & Schneider, 2002; Hilchey, Leber, & Pratt,
2018; Hilchey, Pratt, & Lamy, 2019), and, with that,
specific task demands (e.g., Hilchey et al., 2020)
seem to play an important role. Lastly, the question
emerges, if the translated localization response as
used in our study is still a localization response or
already a discrimination response based on location,
thus, sharing more similarities with colour or shape
discrimination procedures than with localization pro-
cedures. Future studies could investigate, if the tran-
sition from “pure” localization to location
discrimination to non-spatial feature discrimination
is continuous or organized in discrete steps.

Lastly, we argue that the translation of spatial
feature space into non-direct response space is
what causes the emergence of binding effects in
localization performance. However, both response
conditions not only differ in their S-R mapping
but also, for example, in the time needed to
execute a response and the amount of colour
visible due to the (non-)obstruction of the stimulus
colour by the thumb when executing the response.
The latter might be tackled by using response fields
or keys spatially congruent but not directly overlap-
ping with the appearing targets, like keys on a key-
board spatially congruent with the hemisphere the
targets appear in on a screen (e.g., Huffman et al.,
2018). Additionally, one might muse that in the
translation response condition, the cognitive
system has to inhibit a spatially congruent localiz-
ation response, as the latter might be initiated
initially (cf. Kiesel et al., 2010; Kornblum et al.,
1990). However, note that all these come as a con-
sequence of applying the translational response
mapping to the task. Future studies could investi-
gate which processes and effects (additionally)
cause the occurrence of binding effects in such a
translation mechanism.

Taken together, our results show that stimulus-
response bindings occur in localization tasks if partici-
pants have to translate the location feature of the
stimulus into a spatially non-compatible response –
which was typically not the case in previous studies
using localization tasks.

14 L.-M. SCHÖPPER ET AL.



Notes

1. Although the paradigm is different, the sequential
design involving the systematic variation of repeating
or non-repeating spatial and non-spatial features of a
target stimulus is similar to the prime-probe sequences
used in action control research (see Huffman et al.,
2018; Schöpper, Hilchey, et al., 2020).

2. One study (Pratt & Castel, 2001) showed partial rep-
etition costs in a localization task; this study was repli-
cated by Huffman et al. (2018) with more power, with
the results being in line with their overall interpretation.

3. Wolfe (1994, p. 232) discusses that detection responses
can be based on the pre-attentive stage, potentially
resulting from parallel search, but also mentions that
such detection performance can be influenced by pre-
vious information (e.g., Bundesen, 1991; see also
Found & Müller, 1996). Moreover, regarding location,
detection performance in visual search tasks ("pop-out
tasks"; e.g., Müller et al., 1995) produces a different
outcome than detection performance in attentional
orienting tasks (see, e.g., Hilchey, Pratt, & Lamy, 2019),
namely, a benefit for a target repeating its location
(e.g., Krummenacher et al., 2009) compared to changing
its location (Huffman et al., 2018). We refer to such
models, because they offer a serial processing architec-
ture that can be transferred to the experiments at
hand; however, we do not equate the (processes that
lead to the) effects which we are investigating with
effects that result from complex visual search displays.

4. Of note, in this design, location and response are fully
confounded (c.f., localization tasks reviewed by
Huffman et al., 2018; see also Hilchey, Antinucci, et al.,
2019), so that location repetitions and changes equal
response repetitions and changes. In turn, any observed
binding pattern could be due to binding between
location and colour, response and colour, or both. Of
importance, binding between response and colour typi-
cally does not occur in simple localization performance
(e.g., Schöpper & Frings, submitted). To avoid confusion,
we will refer to the binding effect as being caused by
binding between localization response and colour.

5. Error rates were close to ceiling; we therefore did not
analyze the error rates in a manner comparable to reac-
tion times. Overall error rates (i.e., the percentage of all
incorrect probe responses given after all correct prime
responses irrespective of condition) were higher in the
translational response condition (1,00%) compared to
the direct response condition (0,39%), t(38) = 4.38, p <
.001, d = 0.70 (paired sample t-test, two-sided).

6. Location changes could be executed with the same (ver-
tical changes) or the other thumb (diagonal and hori-
zontal changes). Although event file retrieval can
survive effector switches (Moeller et al., 2015), one
might muse that using the same versus a different
thumb could have had an impact on responding. We
collapsed the horizontal and diagonal changes and con-

ducted a 2 (response change type: same thumb vs.
different thumb) x 2 (color relation: repeated vs.
changed) ANOVA on probe reaction times of location
changes separate for the direct and translated
mapping. For the direct mapping, the main effect of
change type was significant, F(1, 38) = 106.73, p < .001,
h2
p = .74: Response changes were faster when executed

with a different (492 ms) compared to the same
thumb (535 ms). However, neither the main effect of
colour relation, F(1, 38) = 2.65, p = .112, h2

p = .07, nor its
modulation by response change type, F(1, 38) = 0.86, p
= .361, h2

p = .02, were significant. For the translated
mapping, a main effect of response change type
emerged, F(1, 38) = 103.67, p < .001, h2

p = .73, also depict-
ing a response change benefit when executed with a
different (612 ms) compared to the same thumb (645
ms). Neither the main effect of colour relation, F(1, 38)
< 0.01, p = .965, h2

p = .00, nor its modulation by response
change type, F(1, 38) = 2.07, p = .158, h2

p = .05, were sig-
nificant. To conclude, using the same thumb hindered
overall responding, however, this did not have an
impact on the effects of interest.

7. One could also expect IOR-processes in the translational
response condition, as binding and IOR can work in par-
allel (Hommel, 2004), with binding effects potentially
masking IOR (Hilchey, Rajsic, et al., 2018; Schöpper
et al., 2022). However, we were interested in whether a
translational response condition for localization per-
formance yields a binding pattern and not whether
such a response is (additively) affected by IOR-processes.

8. As with Experiment 1, error rates were close to ceiling
(e.g., nine of 29 participants did not make errors at all
after a correct prime). In total (i.e., error rate collapsed
across conditions), participants gave 0.87% incorrect
probe responses after a correct prime response.

9. Note that the color discrimination tasks in Schöpper,
Hilchey, et al. (2020; Experiment 1: 412 ms, Experiment
2: 395ms)were in fact even faster than the direct response
condition in Experiment 1 of the current study (472 ms).
However, we interpret this strong reaction time difference
with some caution, as both studies used different
response mappings and materials: Schöpper, Hilchey,
et al. (2020) used two fingers mapped on two keys on a
keyboard compared to our current use of two fingers
mapped on four “keys” on a touch-monitor.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Data availability statement

Data of both experiments is available at http://dx.doi.org/
10.23668/psycharchives.8271. Code for analysis of both
experiments is available at http://dx.doi.org/10.23668/
psycharchives.8270.

VISUAL COGNITION 15



ORCID

Lars-Michael Schöpper http://orcid.org/0000-0003-4302-
3563

References

Avery, B., Cowper-Smith, C. D., & Westwood, D. A. (2015).
Spatial interactions between consecutive manual responses.
Experimental Brain Research, 233(11), 3283–3290. https://doi.
org/10.1007/s00221-015-4396-4

Bundesen, C. (1991). Visual selection of features and objects: Is
location special? A reinterpretation of Nissen’s (1985)
findings. Perception & Psychophysics, 50(1), 87–89. https://
doi.org/10.3758/BF03212208

Campana, G., & Casco, C. (2009). Repetition effects of features
and spatial position: Evidence for dissociable mechanisms.
Spatial Vision, 22(4), 325–338. https://doi.org/10.1163/
156856809788746318

Chao, H. F., & Hsiao, F.-S. (2021). Location-response binding and
inhibition of return in a detection task. Attention, Perception,
& Psychophysics, 83(5), 1992–2001. https://doi.org/10.3758/
s13414-021-02283-4

Chao, H. F., Kuo, C.-Y., Chen, M. S., & Hsiao, F.-S. (2020).
Contextual similarity between successive targets modulates
inhibition of return in the target-target paradigm. Frontiers
in Psychology, 11(2052), 1–8. https://doi.org/10.3389/fpsyg.
2020.02052

Cochrane, B. A., &Milliken, B. (2020). The representational basis of
positive and negative repetition effects. Journal of
Experimental Psychology: Human Perception and Performance,
46(3), 252–263. https://doi.org/10.1037/xhp0000713

Cowper-Smith, C. D., & Westwood, D. A. (2013). Motor IOR
revealed for reaching. Attention, Perception, &
Psychophysics, 75(8), 1914–1922. https://doi.org/10.3758/
s13414-013-0528-8

De Jong, R., Liang, C.-C., & Lauber, E. (1994). Conditional and
unconditional automaticity: A dual-process model of
effects of spatial stimulus-response correspondence.
Journal of Experimental Psychology: Human Perception and
Performance, 20(4), 731–750. https://doi.org/10.1037/0096-
1523.20.4.731

Eng, V., Lim, A., Kwon, S., Gan, S. R., Jamaluddin, S. A., Janssen,
S. M. J., & Satel, J. (2017). Stimulus-response incompatibility
eliminates inhibitory cueing effects with saccadic but not
manual responses. Attention, Perception, & Psychophysics,
79(4), 1097–1106. https://doi.org/10.3758/s13414-017-
1295-8

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007). G*power
3: A flexible statistical power analysis program for the social,
behavioral, and biomedical sciences. Behavior Research
Methods, 39(2), 175–191. https://doi.org/10.3758/
BF03193146

Fitousi, D. (2018). Feature binding in visual short term memory:
A general recognition theory analysis. Psychonomic Bulletin
& Review, 25(3), 1104–1113. https://doi.org/10.3758/
s13423-017-1303-y

Fitts, P. M., & Deininger, R. L. (1954). S-R compatibility:
Correspondence among paired elements within stimulus
and response codes. Journal of Experimental Psychology, 48
(6), 483–492. https://doi.org/10.1037/h0054967

Fitts, P. M., & Seeger, C. M. (1953). S-R compatibility: Spatial
characteristics of stimulus and response codes. Journal of
Experimental Psychology, 46(3), 199–210. https://doi.org/10.
1037/h0062827

Fituousi, D. (2016). Simon and Garner effects with color and
location: Evidence for two independent routes by which
irrelevant location influences performance. Attention,
Perception, & Psychophysics, 78(8), 2433–2455. https://doi.
org/10.3758/s13414-016-1197-1

Found, A., & Müller, H. J. (1996). Searching for unknown feature
targets onmore than one dimension: Investigating a “dimen-
sion-weighting” account. Perception & Psychophysics, 58(1),
88–101. https://doi.org/10.3758/BF03205479

Fournier, L. R., Wiediger, M. D., & Taddese, E. F. (2015). Action
plans can interact to hinder or facilitate reach performance.
Attention, Perception, & Psychophysics, 77(8), 2755–2767.
https://doi.org/10.3758/s13414-015-0959-5

Fournier, L. R., Wieidiger, M. D., McMeans, R., Mattson, P. S.,
Kirkwood, J., & Herzog, T. (2010). Holding a manual response
sequence in memory can disrupt vocal responses that share
semantic features with the manual response. Psychological
Research, 74(4), 359–369. https://doi.org/10.1007/s00426-
009-0256-9

Fox, E., & de Fockert, J.-W. (2001). Inhibitory effects of repeating
color and shape: Inhibition of return or repetition blindness?
Journal of Experimental Psychology: Human Perception and
Performance, 27(4), 798–812. https://doi.org/10.1037/0096-
1523.27.4.798

Frings, C. (2011). On the decay of distractor-response episodes.
Experimental Psychology, 58(2), 125–131. https://doi.org/10.
1027/1618-3169/a000077

Frings, C., Hommel, B., Koch, I., Rothermund, K., Dignath, D.,
Giesen, C., Kiesel, A., Kunde, W., Mayr, S., Moeller, B.,
Möller, M., Pfister, R., & Philipp, A. (2020). Binding and retrie-
val in action control (BRAC). Trends in Cognitive Sciences, 1–
13. https://doi.org/10.1016/j.tics.2020.02.004

Frings, C., Koch, I., Rothermund, K., Dignath, D., Giesen, C.,
Hommel, B., Kiesel, A., Kunde, W., Mayr, S., Moeller, B., Möller,
M., Pfister, R., & Philipp, A. (2020). Merkmalsintegration und
Abruf als wichtige Prozesse der Handlungssteuerung – eine
Paradigmen-übergreifende Perspektive [Feature integration
and retrieval as important processes of action control—Apara-
digm-overlapping perspective]. Psychologische Rundschau, 71
(1), 1–14. https://doi.org/10.1026/0033-3042/a000423

Frings, C., & Moeller, B. (2012). The horserace between distrac-
tors and targets: Retrieval-based probe responding depends
on distractor-target asynchrony. Journal of Cognitive
Psychology, 24(5), 582–590. https://doi.org/10.1080/
20445911.2012.666852

Frings, C., Rothermund, K., & Wentura, D. (2007). Distractor rep-
etitions retrieve previous responses to targets. The Quarterly
Journal of Experimental Psychology, 60(10), 1367–1377.
https://doi.org/10.1080/17470210600955645

16 L.-M. SCHÖPPER ET AL.

http://orcid.org/0000-0003-4302-3563
http://orcid.org/0000-0003-4302-3563
https://doi.org/10.1007/s00221-015-4396-4
https://doi.org/10.1007/s00221-015-4396-4
https://doi.org/10.3758/BF03212208
https://doi.org/10.3758/BF03212208
https://doi.org/10.1163/156856809788746318
https://doi.org/10.1163/156856809788746318
https://doi.org/10.3758/s13414-021-02283-4
https://doi.org/10.3758/s13414-021-02283-4
https://doi.org/10.3389/fpsyg.2020.02052
https://doi.org/10.3389/fpsyg.2020.02052
https://doi.org/10.1037/xhp0000713
https://doi.org/10.3758/s13414-013-0528-8
https://doi.org/10.3758/s13414-013-0528-8
https://doi.org/10.1037/0096-1523.20.4.731
https://doi.org/10.1037/0096-1523.20.4.731
https://doi.org/10.3758/s13414-017-1295-8
https://doi.org/10.3758/s13414-017-1295-8
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/BF03193146
https://doi.org/10.3758/s13423-017-1303-y
https://doi.org/10.3758/s13423-017-1303-y
https://doi.org/10.1037/h0054967
https://doi.org/10.1037/h0062827
https://doi.org/10.1037/h0062827
https://doi.org/10.3758/s13414-016-1197-1
https://doi.org/10.3758/s13414-016-1197-1
https://doi.org/10.3758/BF03205479
https://doi.org/10.3758/s13414-015-0959-5
https://doi.org/10.1007/s00426-009-0256-9
https://doi.org/10.1007/s00426-009-0256-9
https://doi.org/10.1037/0096-1523.27.4.798
https://doi.org/10.1037/0096-1523.27.4.798
https://doi.org/10.1027/1618-3169/a000077
https://doi.org/10.1027/1618-3169/a000077
https://doi.org/10.1016/j.tics.2020.02.004
https://doi.org/10.1026/0033-3042/a000423
https://doi.org/10.1080/20445911.2012.666852
https://doi.org/10.1080/20445911.2012.666852
https://doi.org/10.1080/17470210600955645


Henson, R. N., Eckstein, D., Waszak, F., Frings, C., & Horner, A. J.
(2014). Stimulus-response bindings in priming. Trends in
Cognitive Sciences, 18(7), 376–384. https://doi.org/10.1016/
j.tics.2014.03.004

Hilchey, M. D., Antinucci, V., Lamy, D., & Pratt, J. (2019). Is atten-
tion really biased toward the last target location in visual
search? Attention, response rules, distractors, and eye move-
ments. Psychonomic Bulletin & Review, 26(2), 506–514.
https://doi.org/10.3758/s13423-019-01569-x

Hilchey, M. D., Leber, A. B., & Pratt, J. (2018). Testing the role of
response repetition in spatial priming in visual search.
Attention, Perception, & Psychophysics, 80(6), 1362–1374.
https://doi.org/10.3758/s13414-018-1550-7

Hilchey, M. D., Pratt, J., & Lamy, D. (2019). Is attention really
biased toward the last target location in visual search? The
role of focal attention and stimulus-response translation
rules. Journal of Experimental Psychology: Human
Perception and Performance, 45(10), 1415–1428. https://doi.
org/10.1037/xhp0000679

Hilchey, M. D., Rajsic, J., Huffman, G., Klein, R. M., & Pratt, J.
(2018). Dissociating orienting biases from integration
effects with eye movements. Psychological Science, 29(3),
328–339. https://doi.org/10.1177/0956797617734021

Hilchey, M. D., Rajsic, J., Huffman, G., & Pratt, J. (2017).
Intervening response events between identification targets
do not always turn repetition benefits into repetition
costs. Attention, Perception, & Psychophysics, 79(3), 807–
819. https://doi.org/10.3758/s13414-016-1262-9

Hilchey, M. D., Rajsic, J., & Pratt, J. (2020). When do response-
related episodic retrieval effects co-occur with inhibition
of return? Attention, Perception, & Psychophysics, 82(6),
3013–3032. https://doi.org/10.3758/s13414-020-02020-3

Hommel, B. (1998). Event files: Evidence for automatic inte-
gration of stimulus-response episodes. Visual Cognition, 5
(1–2), 183–216. https://doi.org/10.1080/713756773

Hommel, B. (2004). Event files: Feature binding in and across
perception and action. Trends in Cognitive Sciences, 8(11),
494–500. https://doi.org/10.1016/j.tics.2004.08.007

Hommel, B. (2007). Feature integration across perception and
action: Event files affect response choice. Psychological
Research, 71(1), 42–63. https://doi.org/10.1007/s00426-005-
0035-1

Hommel, B., & Frings, C. (2020). The disintegration of event files
over time: Decay or interference? Psychonomic Bulletin &
Review, 27(4), 751–757. https://doi.org/10.3758/s13423-
020-01738-3

Hommel, B., Müsseler, J., Aschersleben, G., & Prinz, W. (2001).
The theory of event coding (TEC): A framework for percep-
tion and action planning. Behavioral and Brain Sciences, 24
(5), 849–937. https://doi.org/10.1017/S0140525X01000103

Hommel, B., Pösse, B., & Waszak, F. (2000). Contextualization in
perception and action. Psycholocia Belgica, 40(4), 227–245.
doi:10.5334/pb.964

Hommel, B., & Schneider, W. X. (2002). Visual attention and
manual response selection: Distinct mechanisms operating
on the same codes. Visual Cognition, 9(4/5), 392–420.
https://doi.org/10.1080/13506280143000511

Hu, F. K., Fan, Z., Samuel, A. G., & He, S. (2013). Effects of display
complexity on location and feature inhibition. Attention,
Perception, & Psychophysics, 75(8), 1619–1632. https://doi.
org/10.3758/s13414-013-0509-y

Hu, F. K., Samuel, A. G., & Chan, A. S. (2011). Eliminating inhi-
bition of return by changing salient nonspatial attributes
in a complex environment. Journal of Experimental
Psychology: General, 140(1), 35–50. https://doi.org/10.1037/
a0021091

Huffman, G., Hilchey, M. D., & Pratt, J. (2018). Feature inte-
gration in basic detection and localization tasks: Insights
from the attentional orienting literature. Attention,
Perception, & Psychophysics, 80(6), 1333–1341. https://doi.
org/10.3758/s13414-018-1535-6

Huffman, G., Hilchey, M. D., Weidler, B. J., Mills, M., & Pratt, J.
(2020). Does feature-based attention play a role in the episo-
dic retrieval of event files? Journal of Experimental
Psychology: Human Perception & Performance, 46(3), 241–
251. https://doi.org/10.1037/xhp0000709

Khatoon, S., Briand, K. A., & Sereno, A. B. (2002). The role of
response in spatial attention: Direct versus indirect stimu-
lus–response mappings. Vision Research, 42(24), 2693–
2708. https://doi.org/10.1016/S0042-6989(02)00327-9

Kiesel, A., Steinhauser, M., Wendt, M., Falkenstein, M., Jost, K.,
Philipp, A. M., & Koch, I. (2010). Control and interference in
task switching - A review. Psychological Bulletin, 136(5),
849–874. https://doi.org/10.1037/a0019842

Klein, R. M. (2000). Inhibition of return. Trends in Cognitive
Sciences, 4(4), 138–147. https://doi.org/10.1016/S1364-6613
(00)01452-2

Klein, R. M., & Hilchey, M. D. (2011). Oculomotor inhibition of
return. In S. P. Liversedge, I. D. Gilchrist, & S. Everling
(Eds.), The oxford handbook of eye movements (pp. 471–
492). Oxford University Press.

Kornblum, S., Hasbroucq, T., & Osman, A. (1990). Dimensional
overlap: Cognitive basis for stimulus-response compatability
– A model and taxonomy. Psychological Review, 97(2), 253–
270. doi:10.1037/0033-295X.97.2.253

Kornblum, S., & Lee, J.-W. (1995). Stimulus-response compatibility
with relevant and irrelevant stimulus dimensions that do and
do not overlap with the response. Journal of Experimental
Psychology: Human Perception and Performance, 21(4), 855–
875. https://doi.org/10.1037/0096-1523.21.4.855

Krummenacher, J., Müller, H. J., Zehetleitner, M., & Geyer, T.
(2009). Dimension- and space-based intertrial effects in
visual pop-out search: Modulation by task demands for
focal-attentional processing. Psychological Research, 73(2),
186–197. https://doi.org/10.1007/s00426-008-0206-y

Law, M. B., Pratt, J., & Abrams, R. A. (1995). Color-based inhi-
bition of return. Perception & Psychophysics, 57(3), 402–408.
https://doi.org/10.3758/BF03213064

Lupiáñez, J. (2010). Inhibition of return. In A. C. Nobre, & J. T.
Coull (Eds.), Attention and time (pp. 17–34). Oxford
University Press.

Maljkovic, V., & Nakayama, K. (1996). Priming of pop-out: II. The
role of position. Perception & Psychophysics, 58(7), 977–991.
https://doi.org/10.3758/BF03206826

VISUAL COGNITION 17

https://doi.org/10.1016/j.tics.2014.03.004
https://doi.org/10.1016/j.tics.2014.03.004
https://doi.org/10.3758/s13423-019-01569-x
https://doi.org/10.3758/s13414-018-1550-7
https://doi.org/10.1037/xhp0000679
https://doi.org/10.1037/xhp0000679
https://doi.org/10.1177/0956797617734021
https://doi.org/10.3758/s13414-016-1262-9
https://doi.org/10.3758/s13414-020-02020-3
https://doi.org/10.1080/713756773
https://doi.org/10.1016/j.tics.2004.08.007
https://doi.org/10.1007/s00426-005-0035-1
https://doi.org/10.1007/s00426-005-0035-1
https://doi.org/10.3758/s13423-020-01738-3
https://doi.org/10.3758/s13423-020-01738-3
https://doi.org/10.1017/S0140525X01000103
https://doi.org/10.5334/pb.964
https://doi.org/10.1080/13506280143000511
https://doi.org/10.3758/s13414-013-0509-y
https://doi.org/10.3758/s13414-013-0509-y
https://doi.org/10.1037/a0021091
https://doi.org/10.1037/a0021091
https://doi.org/10.3758/s13414-018-1535-6
https://doi.org/10.3758/s13414-018-1535-6
https://doi.org/10.1037/xhp0000709
https://doi.org/10.1016/S0042-6989(02)00327-9
https://doi.org/10.1037/a0019842
https://doi.org/10.1016/S1364-6613(00)01452-2
https://doi.org/10.1016/S1364-6613(00)01452-2
https://doi.org/10.1037/0033-295X.97.2.253
https://doi.org/10.1037/0096-1523.21.4.855
https://doi.org/10.1007/s00426-008-0206-y
https://doi.org/10.3758/BF03213064
https://doi.org/10.3758/BF03206826


Memelink, J., & Hommel, B. (2007). Tailoring perception and
action to the task at hand. European Journal of Cognitive
Psychology, 18(4), 579–592. https://doi.org/10.1080/
09541440500423228

Moeller, B., Hommel, B., & Frings, C. (2015). From hands to feet:
Abstract response representations in distractor–response
bindings. Acta Psychologica, 159, 69–75. https://doi.org/10.
1016/j.actpsy.2015.05.012

Mondor, T. A., & Leboe, L. C. (2008). Stimulus and response rep-
etition effects in the detection of sounds: Evidence of obli-
gatory retrieval and use of a prior event. Psychological
Research, 72(2), 183–191. https://doi.org/10.1007/s00426-
006-0095-x

Müller, H. J., Heller, D., & Ziegler, J. (1995). Visual search for sin-
gleton feature targets within and across feature dimensions.
Perception & Psychophysics, 57(1), 1–17. https://doi.org/10.
3758/BF03211845

Müller, H. J., & Krummenacher, J. (2006). Locus of dimension
weighting: Preattentive or postselective? Visual Cognition, 14
(4-8), 490–513. https://doi.org/10.1080/13506280500194154

Müller, H. J., Reimann, B., & Krummenacher, J. (2003). Visual
search for singleton feature targets across dimensions:
Stimulus and expectancy-driven effects in dimensional
weighting. Journal of Experimental Psychology: Human
Perception and Performance, 29(5), 1021–1035. https://doi.
org/10.1037/0096-1523.29.5.1021

Neill, W. T. (1997). Episodic retrieval in negative priming and
repetition priming. Journal of Experimental Psychology:
Learning, Memory, and Cognition, 23(6), 1291–1305. doi:10.
1037/0278-7393.23.6.1291

Neill, W. T., & Mathis, K. M. (1998). Transfer-inappropriate pro-
cessing: Negative priming and related phenomena. In D. L.
Medin (Ed.), The psychology of learning and motivation:
Advances in research and theory (Vol. 38, pp. 1–44).
Academic Press.

Pashler, H. (1987). Target-distractor discriminability in visual
search. Perception & Psychophysics, 41(4), 285–292. https://
doi.org/10.3758/BF03208228

Pashler, H. (1991). Shifting visual attention and selecting motor
responses: Distinct attentional mechanisms. Journal of
Experimental Psychology: Human Perception and
Performance, 17(4), 1023–1040. doi:10.1037/0096-1523.17.
4.1023

Pashler, H. (1998). The psychology of attention. MIT Press.
Pashler, H., & Baylis, G. (1991). Procedural learning: 2. Intertrial

repetition effects in speeded-choice tasks. Journal of
Experimental Psychology: Learning, Memory, and Cognition,
17(1), 33–48. https://doi.org/10.1037/0278-7393.17.1.33

Pratt, J., & Castel, A. D. (2001). Responding to feature or
location: A re-examination of inhibition of return and facili-
tation of return. Vision Research, 41(28), 3902–3908. https://
doi.org/10.1016/S0042-6989(01)00238-3

Prinz, W. (1998). Die Reaktion als Willenshandlung [Responses
considered as voluntary actions]. Psychologische
Rundschau, 49(1), 10–20.

Ridderinkhof, K. R. (2002). Micro- and macro-adjustments of
task set: Activation and suppression in conflict tasks.

Psychological Research, 66(4), 312–323. https://doi.org/10.
1007/s00426-002-0104-7

Sagi, D., & Julesz, B. (1985). “Where” and “what” in vision.
Science, 228(4704), 1217–1219. https://doi.org/10.1126/
science.4001937

Schaffer, L. H. (1965). Choice reaction with variable S-R
mapping. Journal of Experimental Psychology, 70(3), 284–
288. https://doi.org/10.1037/h0022207

Schöpper, L.-M., & Frings, C. (2022). Same, but different:
Binding effects in auditory, but not visual detection per-
formance. Attention, Perception, & Psychophysics. https://
doi.org/10.3758/s13414-021-02436-5

Schöpper, L.-M., & Frings, C. (submitted). Inhibition of return
(IOR) meets stimulus-response (S-R) binding: Manually
responding to central arrow targets is driven by S-R
binding, not IOR. Manuscript Submitted for publication.

Schöpper, L.-M., Hilchey, M. D., Lappe, M., & Frings, C. (2020).
Detection versus discrimination: The limits of binding
accounts in action control. Attention, Perception, &
Psychophysics, 82(4), 2085–2097. https://doi.org/10.3758/
s13414-019-01911-4

Schöpper, L.-M., Lappe, M., & Frings, C. (2022). Saccadic landing
positions reveal that eye movements are affected by distrac-
tor-based retrieval. Attention, Perception, & Psychophysics, 84
(7), 2219–2235. https://doi.org/10.3758/s13414-022-02538-8

Schöpper, L.-M., Singh, T., & Frings, C. (2020). The official sound-
track to “five shades of grey”: Generalization in multimodal
distractor-based retrieval. Attention, Perception, &
Psychophysics, 82(7), 3479–3489. https://doi.org/10.3758/
s13414-020-02057-4

Singh, T., & Frings, C. (2020). The role of location in the organiz-
ation of bindings within short-term episodic traces. Journal of
Experimental Psychology: Human Perception and Performance,
46(5), 512–524. https://doi.org/10.1037/xhp0000729

Singh, T., Moeller, B., & Frings, C. (2016). Five shades of grey:
Generalization in distractor-based retrieval of S-R episodes.
Attention, Perception, & Psychophysics, 78(8), 2307–2312.
https://doi.org/10.3758/s13414-016-1210-8

Spadaro, A., He, C., & Milliken, B. (2012). Response to an inter-
vening event reverses nonspatial repetition effects in 2AFC
tasks: Nonspatial IOR? Attention, Perception, &
Psychophysics, 74(2), 331–349. https://doi.org/10.3758/
s13414-011-0248-x

Tanaka, Y., & Shimojo, S. (1996). Location vs feature: Reaction
time reveals dissociation between two visual functions.
Vision Research, 36(14), 2125–2140. https://doi.org/10.1016/
0042-6989(95)00272-3

Tanaka, Y., & Shimojo, S. (2000). Repetition priming reveals sus-
tained facilitation and transient inhibition in reaction time.
Journal of Experimental Psychology: Human Perception and
Performance, 26(4), 1421–1435. https://doi.org/10.1037/
0096-1523.26.4.1421

Taylor, T. L., & Donnelly, M. P. W. (2002). Inhibition of return for
target discriminations: The effect of repeating discriminated
and irrelevant stimulus dimensions. Perception &
Psychophysics, 64(2), 292–317. https://doi.org/10.3758/
BF03195793

18 L.-M. SCHÖPPER ET AL.

https://doi.org/10.1080/09541440500423228
https://doi.org/10.1080/09541440500423228
https://doi.org/10.1016/j.actpsy.2015.05.012
https://doi.org/10.1016/j.actpsy.2015.05.012
https://doi.org/10.1007/s00426-006-0095-x
https://doi.org/10.1007/s00426-006-0095-x
https://doi.org/10.3758/BF03211845
https://doi.org/10.3758/BF03211845
https://doi.org/10.1080/13506280500194154
https://doi.org/10.1037/0096-1523.29.5.1021
https://doi.org/10.1037/0096-1523.29.5.1021
https://doi.org/10.1037/0278-7393.23.6.1291
https://doi.org/10.1037/0278-7393.23.6.1291
https://doi.org/10.3758/BF03208228
https://doi.org/10.3758/BF03208228
https://doi.org/10.1037/0096-1523.17.4.1023
https://doi.org/10.1037/0096-1523.17.4.1023
https://doi.org/10.1037/0278-7393.17.1.33
https://doi.org/10.1016/S0042-6989(01)00238-3
https://doi.org/10.1016/S0042-6989(01)00238-3
https://doi.org/10.1007/s00426-002-0104-7
https://doi.org/10.1007/s00426-002-0104-7
https://doi.org/10.1126/science.4001937
https://doi.org/10.1126/science.4001937
https://doi.org/10.1037/h0022207
https://doi.org/10.3758/s13414-021-02436-5
https://doi.org/10.3758/s13414-021-02436-5
https://doi.org/10.3758/s13414-019-01911-4
https://doi.org/10.3758/s13414-019-01911-4
https://doi.org/10.3758/s13414-022-02538-8
https://doi.org/10.3758/s13414-020-02057-4
https://doi.org/10.3758/s13414-020-02057-4
https://doi.org/10.1037/xhp0000729
https://doi.org/10.3758/s13414-016-1210-8
https://doi.org/10.3758/s13414-011-0248-x
https://doi.org/10.3758/s13414-011-0248-x
https://doi.org/10.1016/0042-6989(95)00272-3
https://doi.org/10.1016/0042-6989(95)00272-3
https://doi.org/10.1037/0096-1523.26.4.1421
https://doi.org/10.1037/0096-1523.26.4.1421
https://doi.org/10.3758/BF03195793
https://doi.org/10.3758/BF03195793


Taylor, T. L., & Ivanoff, J. (2005). Inhibition of return and rep-
etition priming effects in localization and discrimination
tasks. Canadian Journal of Experimental Psychology/Revue
Canadienne de Psychologie Expérimentale, 59(2), 75–89.
https://doi.org/10.1037/h0087463

Taylor, T. L., & Klein, R. M. (1998). Inhibition of return to color: A
replication and nonextension of Law, Pratt, and Abrams
(1995). Perception & Psychophysics, 60(8), 1452–1456.
http://dx.doi.org/10.3758/BF03208005.

Töllner, T., Gramann, K., Müller, H. J., Kiss, M., & Eimer, M. (2008).
Electrophysiological markers of visual dimension changes
and response changes. Journal of Experimental Psychology:
Human Perception and Performance, 34(3), 531–542.
https://doi.org/10.1037/0096-1523.34.3.531

Töllner, T., Rangelov, D., & Müller, H. J. (2012). How the speed of
motor-response decisions, but not focal-attentional selec-
tion, differs as a function of task set and target prevalence.
Proceedings of the National Academy of Sciences, 109(28),
E1990–E1999. https://doi.org/10.1073/pnas.1206382109

Treisman, A. M., & Gelade, G. (1980). A feature-integration
theory of attention. Cognitive Psychology, 12(1), 97–136.
doi:10.1016/0010-0285(80)90005-5

Tsal, Y., & Lavie, N. (1988). Attending to color and shape: The
special role of location in selective visual processing.
Perception & Psychophysics, 44(1), 15–21. https://doi.org/10.
3758/BF03207469

Tukey, J. (1977). Exploratory data analysis. Addison-Wesley.
Van der Heijden, A. H. C. (1993). The role of position in object

selection in vision. Psychological Research, 56(1), 44–58.
https://doi.org/10.1007/BF00572132

Virzi, R. A., & Egeth, H. E. (1985). Toward a translational model of
Stroop interference. Memory & Cognition, 13(4), 304–319.
https://doi.org/10.3758/BF03202499

Wang, Z., Satel, J., & Klein, R. M. (2012). Sensory and motor
mechanisms of oculomotor inhibition of return.
Experimental Brain Research, 218(3), 441–453. https://doi.
org/10.1007/s00221-012-3033-8

Wascher, E., Schneider, D., & Hoffmann, S. (2015). Does
response selection contribute to inhibition of return?
Psychophysiology, 52(7), 942–950. https://doi.org/10.1111/
psyp.12420

Wiediger, M. D., & Fournier, L. R. (2008). An action sequence
withheld in memory can delay execution of visually
guided actions: The generalization of response compatibility
interference. Journal of Experimental Psychology: Human

Perception and Performance, 34(5), 1136–1149. https://doi.
org/10.1037/0096-1523.34.5.1136

Wolfe, J. M. (1994). Guided search 2.0 A revised model of visual
search. Psychonomic Bulletin & Review, 1(2), 202–238. https://
doi.org/10.3758/BF03200774

Wolfe, J. M., Cave, K. R., & Franzel, S. L. (1989). Guided search: An
alternative to the feature integration model for visual
search. Journal of Experimental Psychology: Human
Perception and Performance, 15(3), 419–433. https://doi.
org/10.1037/0096-1523.15.3.419

Zehetleitner, M., Rangelov, D., & Müller, H. J. (2012). Partial rep-
etition costs persist in nonsearch compound tasks: Evidence
for multiple-weighting-systems hypothesis. Attention,
Perception, & Psychophysics, 74(5), 879–890. https://doi.org/
10.3758/s13414-012-0287-y

Appendix

Table A1. Averaged percentiles in ms of probe responses
separate for conditions and response condition in Experiment 1.

Percentiles
Condition Response 10th 25th 50th 75th 90th
LRCR Direct 341 371 419 488 576

Translated 373 412 466 538 643

LRCC Direct 342 375 418 470 557
Translated 382 424 482 548 642

LCCR Direct 396 444 495 552 623
Translated 495 549 617 686 760

LCCC Direct 395 442 502 556 639
Translated 498 554 620 684 750

Table A2. Averaged percentiles in ms of probe responses
separate for conditions in Experiment 2.

Percentiles
Condition Response 10th 25th 50th 75th 90th
LRCR Direct 294 317 344 375 410

LRCC Direct 295 317 344 377 408

LCCR Direct 284 306 331 362 391

LCCC Direct 286 307 334 362 395
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