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Abstract
In selection tasks, target and distractor features can be encoded together with the response into the same short-lived memory trace,
or event file (see Hommel, 2004), leading to bindings between stimulus and response features. The repetition of a stored target or
distractor feature can lead to the retrieval of the entire episode, including the response—so-called Bbinding effects.^ Binding
effects due to distractor repetition are stronger for grouped than for nongrouped target and distractor stimulus configurations.
Modulation of either of two mechanisms that lead to the observed binding effects might be responsible here: Grouping may
influence either stimulus–response integration or stimulus–response retrieval. In the present study we investigated the influences
of grouping on both mechanisms independently. In two experiments, target and distractor letters were grouped (or nongrouped)
via color (dis)similarity separately during integration and retrieval. Grouping by color similarity affected integration and retrieval
mechanisms independently and in different ways. Color dissimilarity enhanced distractor-based retrieval, whereas color similar-
ity enhanced distractor integration. We concluded that stimulus grouping is relevant for binding effects, but that the mechanisms
that contribute to binding effects should be carefully separated.

Keywords Selective attention . Grouping and segmentation . Perception and action

Humans act in an environment that provides them with a con-
tinuous stream of complex stimuli requiring an arsenal of dif-
ferent responses. Fortunately, several mechanisms regarding
stimulus selection, encoding, and processing enable the effi-
cient control of behavior. One of these mechanisms is the
binding between stimuli and responses. According to the the-
ory of event coding (TEC; Hommel, Müsseler, Aschersleben,
& Prinz, 2001) perceived stimulus features and executed re-
sponses are integrated in loose networks of temporary associ-
ations that have been called event files. An event file is created
at the time of responding and includes binary bindings be-
tween individual stimulus and response features of the event.
A reencounter with one or more of the stored features causes
the automatic retrieval of the previously constructed event file
(Colzato, Raffone, & Hommel, 2006; Hommel, 2004).
Repetition of a stimulus feature can thus retrieve the previous-
ly integrated response. Therefore stimulus–response (S–R)

binding effects (i.e., integration of features and their retrieval
upon repetition) have become an important and ubiquitously
researched phenomenon in action control and priming
(Henson, Eckstein, Waszak, Frings, & Horner, 2014). S–R
binding effects are usually investigated using a sequential
priming paradigm, which consists of two events: the prime
(or trial n–1) and the probe (or trial n). Every time a response
is executed to a stimulus in the prime, the stimulus and the
executed response are integrated (Henson et al., 2014).
Subsequently reencountering the stimulus in the probe trig-
gers retrieval of the prime response and thereby influences
probe responding. If the same response is required again probe
responding is facilitated, and if a different response is required
in the probe, prime response retrieval impairs probe
responding. Notably, the measured binding effects in these
sequential tasks always reflect two separate processes
(Frings et al., 2017; Moeller & Frings, 2014a). In a first step
the integration of stimulus and response features in the prime
is necessary as a prerequisite for the second step—stimulus–
response retrieval—to occur in the probe.

In addition, not only target but also response irrelevant
distractor stimuli that accompany the target can be integrated
with the response and start response retrieval later on (an ef-
fect that has been termed distractor–response binding; Frings,
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Rothermund, & Wentura, 2007). If the prime response is re-
peated in the probe, the repetition of the prime distractor fa-
cilitates performance because the repeated distractor retrieves
the previous integrated response, which matches the
demanded response in the probe. If the response is changed
from prime to probe, the repetition of the distractor is disad-
vantageous, because the distractor retrieves the incompatible
prime response. The finding of integration of distractor stimuli
with a response and the later retrieval thus poses the question
of what determines the integration of a distractor in an event
file. Hommel (1998, 2005) emphasized that only little or no
attention is needed for the integration of (distractor) stimuli
and responses. However, by now there is consensus on a few
factors that have been shown to reliably modulate binding
effects in general (Frings & Rothermund, 2011; Ihrke,
Behrendt, Schrobsdorff, Hermann, & Hasselhorn, 2011;
Moeller & Frings, 2014a). For instance, grouping or Gestalt
principles modulate distractor-based binding effects (e.g.,
Frings & Moeller, 2012; Frings & Rothermund, 2011;
Moeller & Frings, 2017a; Moeller, Rothermund, & Frings,
2012). This modulating influence of stimulus grouping on
S–R binding has already been demonstrated for different
kinds of grouping, including grouping via common area
(Moeller & Frings, 2015; Moeller et al., 2012; van Dam &
Hommel, 2010), grouping by the principle of belongingness
(Frings & Rothermund, 2011), and grouping via similarity
(Baylis & Driver, 1992). Frings and Rothermund (2011) pos-
tulated that the principle of belongingness plays a role in the
integration of target and distractor stimuli. The authors as-
sumed that an association between two stimuli and a response
is only formed if the two elements are perceived as belonging
together or as belonging to the same object. In one of their
experiments two distractor letters and one target letter were
either presented in a horizontal row (grouped condition) or in a
vertical column (nongrouped condition). The authors found
that binding effects between distractor stimuli and responses
were stronger if targets were horizontally flanked by
distractors resembling a short word, than if distractors flanked
a target on the vertical axis. It thus stands to reason, that
grouping of target and distractor stimuli modulates the
strength of distractor-based binding effects. According to
Frings and Rothermund (2011), effects are stronger if
distractors are perceived as belonging to the target stimulus,
than if distractors and targets are perceived as parts of separate
objects.

Yet it is still unclear which particular process that led to the
observed binding effects—integration of features or response
retrieval due to feature repetition—was influenced by group-
ing. One reason for this lack of insight is the design that has
typically been used in the past. In virtually all previous studies
the stimuli either were grouped both at integration in the prime
and at retrieval in the probe or were nongrouped at both times.
Although both processes can be assumed to have led to the

observed binding effects (as in the study by Frings &
Rothermund, 2011), a lack of binding effects can in principle
be due to either only the retrieval or only the integration pro-
cess being influenced by the grouping modulation.

Taking a closer look at integration and retrieval processes,
it becomes clear that grouping might influence these separate
processes in different ways. To be integrated into a given
event file, a stimulus must be perceived as part of this event.
This becomes even more apparent if we consider that event
files have been interpreted as recent action plans (e.g., Moeller
& Frings, 2014a, 2017a; Stoet & Hommel, 1999). Grouping
of a to-be-integrated stimulus with other relevant stimuli can
signal belongingness to the same event and should hence in-
crease the probability of its integration. Therefore, one would
expect integration to bemore likely or stronger if the distractor
stimulus is grouped with the target stimulus. In contrast, a
stimulus that triggers retrieval of a previously integrated re-
sponse does not necessarily need to be grouped with other
relevant stimuli (at least if one assumes automatic episodic
retrieval; Logan, 1980). As long as a stimulus is processed
to a sufficient degree (e.g., by being salient, presented before
the onset of the target, etc.), a repeated stimulus would start the
retrieval process (e.g., Dutzi & Hommel, 2009; Moeller,
Pfister, Kunde, & Frings, 2016), which then competes with
any additional response selection process in a metaphoric
horserace (Frings & Moeller, 2012; Neill, 1997; Tipper,
2001). A nongrouped distractor should be more salient (i.e.,
stands out more) than one that is perceived as belonging to the
target stimulus, and accordingly might have an advantage in
the metaphoric horserace with a grouped distractor.

Taken together, two separate processes—S–R integration
and S–R retrieval—are necessary for S–R binding effects to
manifest. Even though these processes are likely to be influ-
enced differently by factors that have been shown to modulate
binding effects, past studies have ignored the different influ-
ences that factors like grouping might have on integration and
retrieval. The present study was designed to disentangle the
possibly separate influences that stimulus grouping has on
integration and retrieval mechanisms in S–R binding.

The present study

Different predictions about the impacts of grouping on the
integration and retrieval processes can be made (see Fig. 1).
With regard to the integration process, we would expect ben-
efits due to grouping. As has been suggested previously
(Frings & Rothermund, 2011; Hommel, 1998), presumably
not every feature in every situation is integrated into an S–R
episode—uncontrolled binding of every feature in every situ-
ation would result in many incompatible S–R episodes
(Wiswede, Rothermund, & Frings, 2013). Several mecha-
nisms besides grouping have been discussed as hedges against
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Bunwanted^ bindings—for example, feedback (Waszak &
Pholulamdeth, 2009), errors due to binding (Wiswede et al.,
2013), or figure–ground asymmetries (Frings & Rothermund,
2017). In this regard, it seems likely that grouping is one
mechanism controlling feature integration: Only features be-
longing to the configuration to which a response has been
given are integrated (Frings & Rothermund, 2011). Thus,
grouped prime stimulus configurations that suggest belong-
ingness of the distractor and the target to the same event
should elicit stronger binding effects. Nevertheless, it has been
shown that the process that integrates a stimulus with an exe-
cuted response is a highly automatic process and that not
much is needed to integrate a stimulus with a response
(Hommel, 1998). For example, differences in neither free cog-
nitive capacity (Hommel, 2005) nor the task relevance of ad-
ditional stimuli (Giesen, Frings, & Rothermund, 2012) have
affected distractor-based binding effects. In line with these
findings, it could also be assumed that the integration process
is not further influenced by stimulus grouping.

Concerning retrieval due to irrelevant features, one might
come to a different conclusion about the kind of influence that
grouping can have on the retrieval process. In stimulus con-
figurations with separable target and distractor stimuli, it is
often assumed that the targets and distractors compete (in a
metaphoric horserace) for access to the response selection
stage (Frings & Moeller, 2012; Neill, 1997; Tipper, 2001). A
simple rule is that the Bstronger^ the distractor (i.e., in terms of
being salient, presented before the onset of the target, etc.), the
more the horserace tilts in its favor. For instance, Ihrke et al.
(2011; see also Moeller & Frings, 2014a) observed stronger
distractor-based retrieval if the distractor was attended at re-
trieval, as compared to a condition in which it was unattended
at retrieval. Notably, if a stimulus is nongrouped at retrieval, it

is more salient—that is, it sticks out from surrounding stimuli
that it might be grouped with. Hence, irrelevant features or
objects that are grouped with the target can be less salient than
ungrouped features or objects. For instance, in the case of
flanker-like stimulus configurations (with distractors
flanking the target stimulus; e.g., Eriksen, 1995), dissimilar
flanker stimuli (e.g., AbA) would be less grouped with the
target than would similar ones (e.g., aba). Therefore, dissimi-
lar (i.e., ungrouped) distractors might be more salient and
hence lead to stronger retrieval. Thus, nongrouped probe stim-
ulus configurations that would possibly enhance the process-
ing of the distractor should elicit stronger binding effects.

Overview

In two experiments we manipulated the grouping of distractor
and target stimuli via color similarity during the integration
process and during the retrieval process independently. A
prime–probe design, requiring responses to both the prime
and the probe, was chosen for both experiments. This design
allows for the orthogonal variation of response relation and
distractor relation between prime and probe (see Frings &
Rothermund, 2011). An interaction of distractor relation and
response relation indicates distractor-based binding effects:
Distractor repetitions facilitate performance more if the re-
sponse is repeated than if the response has to be changed
between prime and probe (Frings et al., 2007).

Orthogonally to response and distractor relation, the color
(dis)similarity between the distractor and target was varied in
both the prime and the probe. This design offers the possibility
to differentiate between the separate influences of color

Target Distraktor

Target Distraktor

Fig. 1 Predicted impacts of stimulus configurations (grouped vs. nongrouped) on the size of binding effects, due to stimulus–response integration (at the
prime) and due to stimulus–response retrieval (at probe)
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similarity (i.e., grouping) on integration and retrieval process-
es in stimulus–response binding effects.

In Experiment 1 we analyzed the influence of grouping on
retrieval. We assumed that probe retrieval would be stronger
in a nongrouped stimulus condition; if the distractor were not
grouped with the target in the probe, it would stand out from
the background (i.e., be salient), capture more attention, and
hence have more potential to start the retrieval process and
win or modulate the metaphoric horserace. Thus, we expected
stronger distractor-based retrieval effects with color-dissimilar
probes, independent of the color (dis)similarity in the prime.
Statistically, this would be indicated by a three-way interac-
tion between color (dis)similarity in the probe, response rela-
tion, and distractor relation. Note that we assumed that inte-
gration and retrieval would be independently influenced by
grouping—statistically, we should therefore not observe a
four-way interaction of color (dis)similarity in the prime, color
(dis)similarity in the probe, response relation, and distractor
relation.

In Experiment 2 we analyzed the influence of grouping on
prime integration. Stimulus–response integration should be
more likely, or stronger, if the to-be-integrated distractor stim-
uli are similar to the target and hence perceived as belonging
to the same object as the target (as was suggested by Frings &
Rothermund, 2011), as compared to a condition in which the
stimuli are dissimilar. Thus, the distractor-based binding effect
should be stronger for prime displays with color-similar stim-
uli, independent of the color (dis)similarity in the probe.
Statistically, this pattern would be indicated by a three-way
interaction between color (dis)similarity in the prime, re-
sponse relation, and distractor relation. Again, we assumed
that integration and retrieval would be independently influ-
enced by grouping—statistically, we should therefore not ob-
serve a four-way interaction of color (dis)similarity in the
prime, color (dis)similarity in the probe, response relation,
and distractor relation.

To anticipate the results, with two slightly different stimu-
lus configurations we found evidence for separate influences
of grouping on probe retrieval (Exp. 1) and prime integration
(Exp. 2). In particular, S–R binding effects were larger with
nongrouped distractors in the probe in Experiment 1, whereas
they were larger with grouped distractors in the prime in
Experiment 2.

Experiment 1

The design of the first experiment closely corresponded to that
used by Frings and Rothermund (2011). Stimuli were present-
ed in a flanker configuration, and participants’ task was al-
ways to identify the shape of the central target letter and to
ignore the flanking distractor letters. To manipulate grouping,
we systematically varied the color (dis)similarity between the

target and distractor stimuli. Importantly, color (dis)similarity
was varied independently in the prime (at distractor–response
integration) and the probe (at response retrieval due to
distractor repetition).

Of main interest was the influence of color (dis)similarity
between the distractor and target on the two processes that
generate the distractor–response binding effect. If the
distractor–response binding effect is modulated by prime col-
or (dis)similarity, this would indicate that the magnitude of the
binding effect can be influenced via the integration process.
We would then expect larger binding effects for similar (i.e.,
grouped) than for dissimilar (nongrouped) prime stimuli. If the
distractor–response binding effect is modulated by probe col-
or (dis)similarity, this would evidence that differences in the
retrieval process can modulate binding effects. We would then
expect larger binding effects for dissimilar (i.e., salient) than
for similar (nonsalient) probe stimuli.

Method

Participants Thirty-one students (19 female, 12male) from the
University of Trier took part in the experiment. Their median
age was 24 years, with a range from 20 to 29 years. None of
the participants reported deficiencies in color vision. All par-
ticipants took part in exchange for partial course credit.

Design The design of the experiment included four within-
subjects factors: response relation (response repetition vs. re-
sponse change), distractor relation (distractor repetition vs.
distractor change), color similarity between distractor and tar-
get in the prime (similar prime distractor vs. dissimilar prime
distractor), and color similarity between distractor and target
in the probe (similar probe distractor vs. dissimilar probe
distractor).

Materials and apparatus The experiment was conducted using
the E-Prime software (version 2.0). Instructions and stimuli
were shown on a standard color monitor (1,680 × 1,050
pixels). Reponses were collected via a serial response box
(Psychology Software Tools Inc., Sharpsburg, USA). The
stimuli were the letters S, L, X, and C presented on a black
background. Each letter had a horizontal visual angle of 1.1°
and a vertical visual angle of 1.0° at an approximate viewing
distance of 50 cm. The targets were presented in the colors
red, green, blue, or yellow. Distractors were presented in yel-
lowish red (according to the RGB color system: red = 255,
green = 120, and blue = 29) or bluish green (according to the
RGB color system: red = 0, green = 196, and blue = 182).
Hence, the yellowish-red distractor color was mainly a com-
pound of the colors yellow and red, whereas bluish green was
mainly a compound of the colors blue and green (see Ansorge
& Heumann, 2004).Consequently, the distractor color yellow-
ish red was similar to the target colors yellow and red and
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dissimilar to the target colors blue and green, whereas bluish
green was similar to the target colors blue and green and
dissimilar to the target colors red and yellow. It can be
assumed that a distractor that is more similar to a target is
perceived as belonging to the target or, respectively, as
belonging to the same object. This conforms to studies by
Ansorge and Heumann (2004) and Tipper, Weaver, and
Houghton (1994). The target stimulus was always flanked
by two identical distractor stimuli. The two distractor stimuli
on one display always had the same color.

Procedure Each participant was tested individually in a sound-
proof chamber. Instructions were given on the computer
screen. The participants were instructed to place their index
fingers of both hands on the leftmost and rightmost keys of the
response box, which were marked with an X or a C. Their task
was always to classify the identity of the target letter by press-
ing the corresponding key with the respective index finger. It
was emphasized that participants should respond as quickly
and accurately as possible. A single trial consisted of the fol-
lowing events: A plus sign was presented for 500 ms as a
fixation mark at the center of the screen. After that, the prime
target flanked by the distractor letters appeared at the center of
the screen. The stimuli were presented until a response was
given by pressing one of the keys. In the case of an error, a
feedback display appeared for 1,000 ms, reminding the par-
ticipant to respond as quickly as possible without making
errors. A fixation mark was then presented for 500 ms, follow-
ed by the probe target and distractor letters, which were again
presented at the center of the screen until the participant
responded by pressing one of the two keys. The distractor
and target identities and the target color could change between
the prime and probe displays. After the probe display, a black
screen appeared for 500 ms, and then the next trial started.

In response repetition trials, the same response was re-
quired in the prime and in the probe. In response change trials,
different responses had to be given to the target in the prime
and to the target in the probe. Orthogonally to the response
relation, the distractor relation was varied. In distractor repe-
tition trials, the prime distractor identity was repeated in the
probe display, whereas in distractor change trials, the
distractor identity changed from prime to probe.

This manipulation of response relation and distractor rela-
tion leads to four different conditions: in the response repeti-
tion and distractor repetition condition (RRDR), the prime
response and the prime distractor identity were repeated in
the probe; in the response repetition and distractor change
condition (RRDC), the prime response was repeated in the
probe, while the distractor identity was different in the prime
and the probe; in the response change and distractor repetition
condition (RCDR), the prime target response differed from
that in the probe, while the prime distractor identity was re-
peated in the probe; and in the response change and distractor

change condition (RCDC), both the response and distractor
identities changed between prime and probe.

Orthogonally to response and distractor relation, the color
(dis)similarity between distractor and target was varied within
the prime and within the probe. From now on, the factor color
(dis)similarity between distractor and target in the prime (sim-
ilar prime distractor vs. dissimilar prime distractor) will be
labeled Bprime color similarity.^ The factor color
(dis)similarity between distractor and target in the probe (sim-
ilar probe distractor vs. dissimilar probe distractor) will be
labeled Bprobe color similarity.^

The experiment was subdivided in two blocks depending
on the distractor’s color. In one block the distractor letters
were always presented in bluish green, and in the other block
they were always presented in yellowish red. Depending on
the current color similarity condition, the target letters could
be blue, green, red, or yellow. For example, in a trial with
similar target and distractor color in the prime and dissimilar
target and distractor color in the probe in the yellowish-red
block, the prime target was presented in red or yellow and the
probe target in blue or green, and vice versa in the bluish-
green block. Half of the participants saw the bluish-green
block first, the other half saw the yellowish-red block first.

At the beginning of each block and the corresponding train-
ing, the participants were informed about the distractor color
in the following block. Additionally, they saw all colors that
would be presented and were informed, respectively, that the
distractor color bluish green was a combination of the colors
blue and green or that the color yellowish red was a combina-
tion of the colors yellow and red. The participants were also
informed that none of the colors would be relevant for their
response.

All participants worked through two experimental blocks
(bluish-green block and yellowish-red block). Each trial con-
dition (response repetition/distractor repetition, response
repetition/distractor change, response change/distractor repe-
tition, and response change/distractor change) was realized 64
times in each block. That is, each experimental block
consisted of 256 trials. Every 90 trials, participants had the
possibility to take a break. Prior to each experimental block,
all participants had to work through a practice block
consisting of 20 trials. The sole difference in the experimental
block was that participants received feedback for both incor-
rect and correct responses. Participants were randomly
assigned a block order, and the sequence of trials was random-
ized for each participant.

Results

Only the probe reaction times (RTs) in trials with correct an-
swers to both the prime and the probe target were considered.
Moreover, for each person, only RTs slower than 200 ms and
faster than 1.5 interquartile ranges from the third quartile of
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each person’s RT distribution were analyzed (Tukey, 1977).
According to these constraints, 9.00% of the trials were
discarded: 2.76% of the trials were excluded because of erro-
neous responses in the prime, 2.21% of the trials were exclud-
ed because of erroneous responses in the probe, and 4.03%
due to the RToutlier criteria. The mean RTs and error rates for
the probe are depicted in Table 1. The distractor–response
binding effect was computed as the distractor repetition ben-
efit in response repetition trials minus the distractor repetition
benefit in response change trials.

A 2 Response Relation (response repetition vs. response
change) × 2 Distractor Relation (distractor repetition vs.
distractor change) × 2 Prime Color Similarity (similar prime
distractors vs. dissimilar prime distractors) × 2 Probe Color
Similarity (similar probe distractors vs. dissimilar probe
distractors) multivariate analysis of variance (MANOVA) on
probe RTs yielded a significant main effect of response rela-
tion, F(1, 30) = 33.36, p < .001, ηp

2 = .53. Participants
responded more quickly if the response had to be repeated
(M = 417 ms, SD = 42 ms) than if the response had to be
changed (M = 444 ms, SD = 44 ms) from prime to probe.
The main effect of distractor relation was significant, too,
F(1, 30) = 4.86, p = .035, ηp

2 = .14. Participants responded
more quickly if the distractor was repeated (M = 429 ms, SD =
43 ms) than if the distractor changed (M = 431 ms, SD = 44
ms) from prime to probe. Additionally, the main effect of
probe color similarity was significant, F(1, 30) = 16.38, p <
.001, ηp

2 = .35; that is, participants responded faster if the
probe color was dissimilar. The main effect of prime color
similarity did not reach significance, F(1, 30) = 1.52, p =
.227, ηp

2 = .05.
The analyses further revealed an interaction between re-

sponse relation and distractor relation, F(1, 30) = 54.28, p <
.001, ηp

2 = .64, indicating a general distractor–response bind-
ing effect: Repeating a distractor leads to facilitation if the
response is repeated too, but leads instead to impairment if
the response changes. Most importantly, the three-way inter-
action between probe color similarity, response relation, and
distractor relation was significant, F(1, 30) = 5.47, p = .026,
ηp

2 = .15, whereas the interaction of prime color similarity,
response relation, and distractor relation was not, F(1, 30) =
0.59, p = .449, ηp

2 = .02. That is, distractor–response binding
was modulated by the color similarity in the probe, but not by
color similarity in the prime. Further analyses indicated a larg-
er binding effect if the probe target and distractor colors were
dissimilar, F(1, 30) = 63.63, p < .001, ηp

2 = .68, than if the
probe target and distractor colors were similar, F(1, 30) = 9.06,
p = .005, ηp

2 = .23 (see Fig. 2, upper panels). Figure 3 visual-
izes the result pattern for all four color-similarity conditions.
Numerically, distractor repetition always leads to an advan-
tage (i.e., shorter RTs than for distractor change) in response
repetition trials, but to a disadvantage in response change tri-
als. Yet this distractor–response binding pattern is more

pronounced in dissimilar-probe conditions than in similar-
probe conditions. The four-way interaction between prime
color similarity, probe color similarity, response relation, and
distractor relation was not significant, F(1, 30) = 1.01, p =
.323, ηp

2 = .03. Hence, the modulating effect of grouping
(grouped vs. nongrouped) during probe retrieval was indepen-
dent of the modulation of grouping (grouped vs. nongrouped)
during prime integration (see also Fig. 3).1

Additionally, the interaction of prime color similarity,
probe color similarity, and response relation was also signifi-
cant, F(1, 30) = 158.72, p < .001, ηp

2 = .84. The RT benefit
due to response repetition (as compared to response change)
was modulated by both prime color similarity and probe color
similarity. The benefit was larger if color similarity was iden-
tical in the prime and probe (i.e., the condition with similar
distractor in the prime and similar distractor in the probe, and
the condition with dissimilar distractor in the prime and dis-
similar distractor in the probe) than in those conditions in
which the similarity between distractor and target changed
between prime and probe. For the sake of completeness, the
interaction of prime color similarity and probe color similarity,
F(1, 30) = 10.46, p = .003, ηp

2 = .26, was also significant.
None of the other effects reached significance, all Fs(1, 30) <
1.52, ps > .227.

The same analysis on error rates yielded a significant inter-
action of response relation and distractor relation (distractor–
response binding effect), F(1, 30) = 24.36, p = .001, ηp

2 = .45.
In addition, the interaction between prime color similarity,
probe color similarity, and response relation reached signifi-
cance, F(1, 30) = 43.65, p = .001, ηp

2 = .59.

Discussion

In Experiment 1 we investigated the influence of grouping via
color similarity on the distractor–response binding effect. Due
to the experimental design, this influence could be examined
independently for the integration process (during the prime)
and for the retrieval process (during the probe). Participants
responded to a target letter and ignored distractor letters that
flanked the target on both sides.

We found an interaction of response relation and distractor
relation, which indicated the standard distractor–response
binding effect (e.g., Frings et al., 2007): If the response was
repeated from prime to probe, the repetition of the prime
distractor facilitated performance, whereas its repetition im-
paired performance if the response had to be changed from
prime to probe.

1 To provide further support for this conclusion, we calculated Bayes factors
using the Bayes ANOVA module of JASP (Love et al., 2015). The Bayes
factor for the four-way interaction of prime color similarity, probe color sim-
ilarity, response relation, and distractor relation in favor of the null model was
BF01 = 4.17. According to the rules of thumb given by Raftery (1995), this
value is considered Bpositive^ evidence for the null hypothesis.
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Fig. 2 Distractor–response binding effects, in milliseconds, in Experiment 1
in the upper panels and in Experiment 2 in the lower panels, as a function of
color similarity during prime integration (collapsed over color similarity
during the probe; left-hand side) and color similarity during probe retrieval

(collapsed over color similarity during the prime; right-hand side).
Distractor–response binding effects were calculated as the difference be-
tween the distractor repetition effects in response repetition and response
change trials. Error bars depict standard errors of the means

Table 1 Mean reaction times (in milliseconds) and error rates (in percentages) of probe responses in Experiment 1, as a function of response relation,
distractor relation, prime color similarity, and probe color similarity

Color Similarity in the Prime

Similar Dissimilar

Color Similarity in the Probe Color Similarity in the Probe

Similar Dissimilar Similar Dissimilar

Response
Repetition

Response
Change

Response
Repetition

Response
Change

Response
Repetition

Response
Change

Response
Repetition

Response
Change

Distractor Repetition 406 (0.6) 453 (3.8) 421 (2.5) 440 (1.8) 424 (1.8) 443 (1.9) 398 (1.0) 452 (4.6)

Distractor Change 413 (1.7) 453 (3.0) 433 (3.5) 431 (0.6) 433 (3.8) 439 (1.3) 408 (1.5) 443 (3.5)
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Most importantly, we found a modulating influence of probe
color similarity on the distractor–response binding effect, indicat-
ed by the three-way interaction of response relation, distractor
relation, and probe color similarity. The distractor–response bind-
ing effect was larger when probe target and probe distractor were
dissimilar than when they were similar (see Fig. 3). That is,
grouping in the probe reduced the S–R binding effect.

In this setup a dissimilar distractor was more salient and
was easier to separate from the target. It thus produced an
advantage to start a retrieval process (as compared to a similar
distractor), leading to a benefit in the metaphoric horserace of
target responding and distractor–response retrieval. This inter-
pretation is in line with the suggestion that stimulus saliency
boosts binding effects of the salient stimulus (Hommel et al.,
2001). Given the present results, it is possible to more specif-
ically pinpoint one mechanism (i.e., response retrieval) that is
modulated by grouping (i.e., stimulus saliency of the
distractor in the nongrouped condition) and can thus account
for differences in the binding effect. This finding corresponds
to those in previous studies (e.g., Ihrke et al., 2011, and
Moeller & Frings., 2014a), showing modulations of binding
effects via differences in the retrieval process. Hence, there is
now ample evidence that S–R binding effects can be influ-
enced via the feasibility of triggering the retrieval process.

Finally, this effect of probe retrieval is independent of prime
integration processes, as indicated by the nonsignificant four-way
interaction, and hence is independent of whether the dissimilar

distractor in the probe is following a similar or a dissimilar prime
display. Particularly, since response repetition effects were influ-
enced by prime and probe similarity (i.e., the significant three-
way Response Repetition × Prime Color Similarity × Probe
Color Similarity interaction), it is important to note that binding
effects were independent of prime–probe context effects here.
We will turn to this issue in detail in the General Discussion.

In contrast, the three-way interaction between response rela-
tion, distractor relation, and prime color similarity was not sig-
nificant. Hence, the color similarity between target and distractors
only had an influence on the retrieval process, whereas the inte-
gration process was not further affected by grouping via color
similarity. This might be explained by the fact that the flanker
configuration by itself already represents a form of grouping that
influences integration (see Frings & Rothermund, 2011). Hence,
it is possible that grouping via the flanker configuration (i.e., both
temporal and spatial grouping) already ensured distractor–re-
sponse integration, independent of additional grouping by color
similarity between the target and distractor. Due to the temporal
and spatial grouping in the flanker configuration, the dissimilarity
between distractor and target was simply too weak to cancel the
integration due to temporal and spatial proximity (probably the
two strongest influences for feature integration; Holmes &
Spence, 2005; Spence, 2013; Treisman & Gelade, 1980). To
increase the likelihood that grouping by color similarity would
influence the binding process, we slightly changed the stimulus
configuration in the second experiment. These changes

Fig. 3 Reaction times (RTs) in milliseconds in Experiment 1, as a function of response relation, distractor relation, prime color similarity, and probe color
similarity. Error bars depict standard deviations of the means
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prevented integration by other variables such as spatial group-
ing or simultaneous onset, and also ensured similar chances of
retrieval in all conditions.

Experiment 2

Experiment 2 was designed to examine the influence of target–
distractor grouping via color similarity on the distractor–response
binding effect, while grouping by other factors was minimized.
Distractor and target letters were no longer presented in a flanker
configuration, but one after the other in a temporal sequence.
Hence, binding of the distractor stimulus and the response would
have to be enabled by a grouping effect other than temporal co-
occurrence. In addition, due to this stimulus configuration, the
influence of grouping on stimulus–response integration could be
investigated while influences of stimulus similarity on retrieval
were minimized. Participants’ task was always to identify the
shape of the target letter (the second letter) and to ignore the
distracting letter that had been presented prior to the target letter
at the same position. As in Experiment 1, the color similarity
between distractor and target was varied independently in the
prime (the integration process) and in the probe (the retrieval
process). However, presenting the potentially retrieval-
triggering stimulus before target onset during the probe ensured
that at least some retrieval would take place.

Method

Participants Thirty students (20 female, 10 male) from the
University of Trier took part in Experiment 2. Their median
age was 21 years, with a range from 20 to 31 years. None of
the participants reported deficiencies in color vision, and all
took part in exchange for partial course credit. The average
RTs of three participants constituted outliers according to
Tukey (1977) when compared to the sample distribution of
the average RTs of all participants. The data of these three
participants were therefore excluded from the analyses.

Design The design of Experiment 2 included four within-
subjects factors: response relation (response repetition vs. re-
sponse change), distractor relation (distractor repetition vs.
distractor change), prime color similarity (similar prime
distractor vs. dissimilar prime distractor), and probe color sim-
ilarity (similar probe distractor vs. dissimilar probe distractor).

Materials and procedure The materials and procedure were
the same as those in Experiment 1, with the following excep-
tions. The stimuli were the letters S, L, X, and O, and a trial in
Experiment 2 consisted of the following events: A plus sign
was presented as a fixationmark for 500ms at the center of the
screen. After that, the fixation mark disappeared and the prime
distractor letter (L or S) appeared for 300 ms on the left or the

right side of the fixation mark’s position. The prime distractor
was followed by the prime target letter (X or O), which was
presented until a response was given by pressing one of the
particular keys. The target was always presented at the same
location as the preceding distractor and was followed by a
fixation mark at the center of the screen for 500 ms. Then
the probe distractor letter (L or S) appeared for 300 ms,
followed by the probe target letter (X or O) at the same posi-
tion as the probe distractor letter until a response had been
made by pressing a key. Finally, the screen went black for
500 ms. The position of the distractor and the target was or-
thogonally varied with both response and distractor relation
and could differ between prime and probe. The prime and
probe positions were randomly assigned in each trial.

Results

As in Experiment 1, only probe RTs for trials with correct an-
swers to both the prime and the probe target were considered.
Moreover, only RTs slower than 200 ms and faster than 1.5
interquartile ranges over the third quartile of each person’s RT
distribution were analyzed (Tukey, 1977). According to these
constraints, 10.68% of the trials were discarded: 5.27% of the
trials were excluded because of erroneous responses in the prime,
2.82%of the trialswere excluded because of erroneous responses
in the probe, and 2.59% due to the RT outlier criteria. The mean
RTs and error rates on the probe are depicted in Table 2. Again,
the distractor–response binding effect is computed as the
distractor repetition benefit in response repetition minus the
distractor repetition benefit in response change trials.

In a 2 Response Relation (response repetition vs. response
change) × 2 Distractor Relation (distractor repetition vs.
distractor change) × 2 Prime Color Similarity (similar prime
distractor vs. dissimilar prime distractor) × 2 Probe Color
Similarity (similar probe distractor vs. dissimilar probe distractor)
× 2 Position Relation Between Prime and Probe (position repe-
tition vs. position change) MANOVA on the probe RTs, with
Pillai’s trace as the criterion, the main effect of position relation,
F(1, 26) = 3.56, p = .069, ηp

2 = .11, was not significant.
Additionally, the position relation factor did not interact with
any of the following analyses, and hence was discarded.

A 2 Response Relation (response repetition vs. response
change) × 2 Distractor Relation (distractor repetition vs.
distractor change) × 2 Prime Color Similarity (similar prime
distractor vs. dissimilar prime distractor) × 2 Probe Color
Similarity (similar probe distractor vs. dissimilar probe distractor)
MANOVAyielded a significant main effect of response relation,
F(1, 26) = 17.20, p < .001, ηp

2 = .40. Participants responded
more quickly if the response had to be repeated (M = 388 ms,
SD = 35ms) than if the response had to be changed (M = 407ms,
SD = 36 ms) from prime to probe. Neither the main effect of
distractor relation, F(1, 26) = 0.47, p = .500, ηp

2 = .02, nor the
main effect of prime color similarity, F(1, 26) = 0.11, p = .749,
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ηp
2 = .01), nor themain effect of probe color similarity,F(1, 26) =

2.35, p = .137, ηp
2 = .08, reached significance. The interaction

between response relation and distractor relation was significant,
F(1, 26) = 14.14, p = .001, ηp

2 = .35, indicating a general
distractor–response binding effect.

Most importantly, in contrast to Experiment 1, the three-way
interaction between prime color similarity, response relation, and
distractor relationwas significant,F(1, 26) = 4.47, p = .044, ηp

2 =
.15, but the interaction of probe color similarity, response rela-
tion, and distractor relationwas not,F(1, 26) = 0.23, p = .635, ηp

2

= .01. That is, the distractor–response binding effect was modu-
lated by color similarity in the prime, but not by color similarity
in the probe (see Fig. 2, lower panels). Follow-up analyses indi-
cated a significant binding effect only if the prime target and
distractor colors were similar, F(1, 26) = 20.48, p < .001, ηp

2 =
.44, but no binding effect if the prime target and distractor colors
were dissimilar, F(1, 26) = 3.74, p = .064, ηp

2 = .13. As can be
seen in Fig. 4, the result pattern indicating distractor–response
binding effects is found in both conditions with similar primes
(i.e., with a similar probe as well as with a dissimilar probe): RTs
in the response repetition conditions were faster in the case of
distractor repetition than in the case of distractor change, whereas
RTs in the response change conditions were slower in the case of
distractor repetition than in the case of distractor change. The
same pattern was less pronounced for both conditions with dis-
similar primes. The four-way interaction between prime color
similarity, probe color similarity, response relation, and distractor
relation was not significant, F(1, 26) = 0.18, p = .676, ηp

2 = .01.
Hence, the modulating effect of (non)grouping during prime
integration was independent of the modulation of
(non)grouping during probe retrieval.2

Again, the interaction between prime color similarity, probe
color similarity, and response relation was significant, F(1, 26)
= 26.40, p < .001, ηp

2 = .50. The RT benefit for response
repetitions in comparison to response changes was modulated
by an interaction of prime color similarity and probe color
similarity. The benefit was larger if the prime and the probe
color similarities were the same (i.e., the condition with similar
distractors in the prime and similar distractors in the probe, and
the condition with dissimilar distractors in the prime and dis-
similar distractors in the probe) than in those conditions in
which the color similarity of the distractor changed between
prime and probe. For the sake of completeness, the interactions
between prime color similarity and distractor relation, F(1, 26)
= 5.96, p = .022, ηp

2 = .19; between prime color similarity and
response relation, F(1, 26) = 12.21, p = .002, ηp

2 = .32; and the
interaction between prime color similarity, probe color similar-
ity, and distractor relation, F(1, 26) = 8.26, p = .008, ηp

2 = .24,
all reached significance. None of the other effects was signifi-
cant, all Fs(1, 26) < 2.35, ps > .137.

In the same analysis on error rates, only the interaction
between prime color similarity, probe color similarity, and
response relation reached significance, F(1, 26) = 5.66, p =
.025, ηp

2 = .18.

Discussion

The aim of Experiment 2 was to further investigate the mod-
ulating effect of color similarity on stimulus–response integra-
tion, while excluding a possible influence due to spatial and
temporal grouping of the stimuli. To this end, the target and
distractor letters were presented sequentially.

The interaction of response relation and distractor relation
was again significant, indicating a general effect of distractor–
response binding across all conditions, whereas the main ef-
fect of distractor relation was not significant (in contrast to
Exp. 1). Note that the main effect of distractor relation can
be interpreted as reflecting distractor inhibition (Houghton &
Tipper, 1994; Tipper, 1985). That is, ignoring the distractor in

2 To provide further support for this conclusion, we calculated Bayes factors
using the Bayes ANOVA module of JASP (Love et al., 2015). The Bayes
factor for the four-way interaction of prime color similarity, probe color sim-
ilarity, response relation, and distractor relation in favor of the null model was
BF01 = 3.70. According to the rules of thumb given by Raftery (1995), this
value is considered Bpositive^ evidence for the null hypothesis.

Table 2 Mean reaction times (in milliseconds) and error rates (in percentages) of probe responses in Experiment 2, as a function of response relation,
distractor relation, prime color similarity, and probe color similarity

Color Similarity in the Prime

Similar Dissimilar

Color Similarity in the Probe Color Similarity in the Probe

Similar Dissimilar Similar Dissimilar

Response
Repetition

Response
Change

Response
Repetition

Response
Change

Response
Repetition

Response
Change

Response
Repetition

Response
Change

Distractor Repetition 381 (3.0) 411 (2.9) 387 (2.7) 408 (1.7) 391 (2.9) 413 (2.5) 381 (2.8) 412 (3.1)

Distractor Change 395 (4.0) 407 (3.7) 395 (4.2) 399 (2.0) 390 (3.9) 400 (2.2) 384 (3.4) 408 (3.6)
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the prime leads to an inhibited representation of that stimulus.
The inhibition of the distractor is assumed to last until presen-
tation of the probe display, leading to better performance if the
distractor is repeated than if the distractor is changed, because
it is easier to select the target against an already inhibited
distractor. This process is independent of distractor-based re-
trieval effects (Giesen et al., 2012; Singh, Laub, Burgard, &
Frings, 2017), and as such is of no relevance to the main
results concerning distractor–response binding.

The distractor–response binding effect was not further
modulated by probe color similarity. Due to the sequential
stimulus presentation, stimulus–response retrieval could be
initiated as soon as the distractor was presented in the probe,
and hence grouping had no further influence on the already
proceeding retrieval process (see Frings & Moeller, 2012, for
this logic concerning asynchronous distractors). In contrast,
the interaction between response relation, distractor relation,
and prime color similarity was significant; that is, the
distractor–response binding effect was stronger in conditions
with a prime distractor that was similar to the prime target (see
Fig. 4). Apparently, the binding process benefited from group-
ing via color similarity. This might be due to the similarity
resolving the temporal sequence between distractor and target
and thus generating stimulus grouping over time. To the best
of our knowledge, this is the first evidence that has pinpointed
the effects of grouping in the prime, during which integration
takes place.

As in the previous experiment, this effect was not further
modulated by probe processes (i.e., the four-way interaction
was again nonsignificant)—suggesting the independence of
prime integration and probe retrieval. This is again important
to note, as in Experiment 1, since response repetition effects
were modulated by prime–probe similarity (see the General
Discussion).

Note that as it was displayed 300ms before target onset, the
distractor was apparently presented within a time window that
allowed for that integration of distractor and response in the
prime. This is in line with the suggestion that the co-
occurrence of two events within a particular time window of
± 0.5 s around the response determines whether these events
are integrated (Hommel, 2005). In addition, the present results
indicate that presentation within the proposed time window is
not the only prerequisite for stimulus–response integration to
occur. If the target and distractor stimuli are presented in a
sequence, grouping over time seems to be necessary for
distractor–response integration to occur.

General discussion

The aim of the present study was to investigate the modulating
effect of grouping due to color similarity on the two processes
contributing to binding effects: namely, stimulus–response in-
tegration and stimulus–response retrieval. In two experiments

Fig. 4 RTs in milliseconds in Experiment 2, as a function of response relation, distractor relation, prime color similarity, and probe color similarity. Error
bars depict standard deviations of the means
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the color similarity between distractor and target was varied
independently during the prime (the integration process) and
during the probe (the retrieval process). The main difference
between Experiment 1 and Experiment 2 was the stimulus
configuration. In Experiment 1 the spatial and temporal con-
figuration, as well as the color similarity, suggested grouping
of the targets and distractors, as the target letter was presented
synchronously with two flanking distractor letters. In
Experiment 2 the stimulus configuration, aside from the factor
of color similarity, suggested separate distractor and target
objects, as the target letter and the distractor letter were pre-
sented sequentially, with the distractor letter appearing prior to
the target at the same position. In both experiments we found
distractor-based binding effects, as indicated by the two-way
interaction of distractor relation and response relation. More
importantly, the binding effects were modulated by grouping
via color in opposite ways.

In Experiment 1, grouping via color similarity had an in-
fluence on the retrieval process, but the integration process
was not further affected. The distractor–response binding ef-
fect was stronger if target and distractor color were dissimilar
during the probe (when retrieval started), than if distractor and
target were grouped by color similarity. If target and distractor
stimuli were already grouped by spatial information as in the
flanker configuration, a high saliency of the distractors (due to
color dissimilarity) apparently facilitated retrieval, as com-
pared to lower saliency (due to color similarity). Hence, it
could be concluded that the distractor’s salience via color dis-
similarity can boost the retrieval process in settings with spa-
tially and temporally grouped probe distractor and target stim-
uli, and consequently can strengthen the distractor–response
binding effect. If distractor and target are already grouped
during stimulus–response integration and retrieval, further
grouping (due to color similarity) seems to be unprofitable
for the distractor-based retrieval. This is in line with former
findings regarding the role of attention (Moeller & Frings,
2014a) and the role of stimulus function (Ihrke et al., 2011)
for the retrieval process. Using similar flanker paradigms,
these studies revealed larger binding effects for attended stim-
uli and for stimuli that were processed more strongly in the
probe. Together, the results of Experiment 1 and past research
suggest that the stimulus configuration in the probe display
affects retrieval: Stimulus configurations that prioritize the
retrieval-starting stimulus should enhance the observed bind-
ing effects (as was suggested by Hommel et al., 2001).

By contrast, in Experiment 2 the integration process was
affected by the variation of color similarity. Moreover, the
binding effect was boosted by similar distractor and target
colors in the prime, indicating a different mechanism than
for the modulation in Experiment 1. In Experiment 2 the
distractor letter always preceded the target letter at the same
position. This temporal sequence minimized grouping via a
spatial and temporal arrangement and hence impeded the

integration process. Thus, the sequential presentation
prevented sufficient target–distractor grouping for distractor–
response integration. Seemingly, in such a case sufficient tar-
get–distractor grouping can be ensured over time via color
similarity. Hence, the two important findings of Experiment
2 were that (1) the integration process in S–R binding can be
influenced and (2) the sensitivity regarding grouping influ-
ences differs largely for the two processes. For stimulus–re-
sponse integration, increased grouping only has an influence if
binding is impeded (as in Exp. 2), due to a lack of spatial and
temporal target–distractor grouping. Apparently, the binding
process needs only a minimum of stimulus grouping in order
to integrate the distractor with the response to the target. Any
additional grouping or distractor salience does not further
modulate integration (as in Exp. 1). These prerequisites and
characteristics of grouping differ for the retrieval process.
There, if the distractor and target are spatially grouped in the
probe, the retrieval process additionally benefits from
distractor salience (Exp. 1).

Taken together, our results provide further evidence for the
need to distinguish binding effects as resulting from processes
of stimulus–response integration and stimulus–response re-
trieval. Both processes can be independently influenced by
factors like salience and grouping and hence need to be con-
sidered separately for the investigation of sequential binding
effects. This has important implications both for the interpre-
tation of past findings and also for the design of future studies.
In particular, the majority of previous research investigated the
influence of factors like grouping, salience, or attention on
sequential binding effects without being able to differentiate
between influences on integration and influences on retrieval
processes (e.g., Frings & Rothermund, 2011; Giesen et al.,
2012; Hommel, 2005). Nevertheless, conclusions are often-
times drawn regarding specifically one of the two processes.
The present findings call for a much more cautious new inter-
pretation of these studies. For example, if stimuli were spatial-
ly grouped during both integration and retrieval, it is likely
that any modulation was due to differences in the retrieval and
not in the integration process, as a spatially grouped stimulus
configuration seems to be sufficient for integration, irrespec-
tive of further influences. However, if the two processes are
not separately investigated but are influenced in diametrically
opposite ways by additional factors, it is possible that the
effect on one process could override the effects on the other
process. In this case, it is not possible to draw distinct conclu-
sions about which particular process is influenced in what
way. For the design of future studies, it should always be
considered whether the differentiation of effects on integration
and retrieval is of interest. If this is the case, any influencing
factor of interest then needs to be manipulated independently
during the prime and the probe.

The present findings suggest that a nongrouped probe
distractor has an advantage to start a retrieval process, whereas
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a grouped distractor in the prime enhances the integration
process. However, we do not have any relevant data regarding
what our participants experienced; that is, we do not have an
independent measure of whether the stimulus configuration
suggests grouping in the way we interpreted the grouping
manipulation. In fact, it is possible that participants were not
even aware of the grouping manipulation in the different color
similarity conditions. Hence, the effects of our manipulation
must not necessarily be mediated by differences in subjective
experience, but might affect processing implicitly. Note that
previous research has repeatedly shown that grouping does
not require attention and is not necessarily perceived con-
sciously (Kimchi & Razpurker-Apfeld, 2004; Russell &
Driver, 2005; Shomstein, Kimchi, Hammer, & Behrmann,
2010). Furthermore, the aim of the present study was not to
investigate the different subjective perceptions of grouped ver-
sus nongrouped stimulus configurations, but to show that the
integration and the retrieval process are two independent pro-
cesses that can be affected in different ways by stimulus con-
figurations that suggest grouping. Even if our interpretation of
the color similarity is not independently tested (e.g., by a
manipulation check of the subjective impression participants
experienced while looking at the stimulus displays; see Frings
& Rothermund, 2017), the main point of our data does not
hinge on the particular interpretation of the grouping variable.

Furthermore, the presented findings should be separated
from findings regarding encoding specificity. According to
Neill (1997), episodic retrieval in prime–probe tasks depends
on the similarity of the encoding context and the retrieval
context. This encoding-specific effect was thus expected and
found in the present experiments, as an interaction of response
relation, prime color similarity, and probe color similarity. The
RT benefit due to response repetition (as compared to re-
sponse change) from prime to probe was modulated by the
similarity between the prime display (encoding context) and
the probe display (retrieval context). The benefit was signifi-
cantly larger if the (dis)similarity between distractor and target
was identical in the prime and probe. This finding is also in
line with research by Wong (2000), who found evidence for a
modulation of repetition priming by prime–probe display sim-
ilarity, or research by Fox and de Fockert (1998), who pre-
sented evidence that the negative-priming effect depended on
the extent to which the probe display serves as a retrieval cue
for the prime display. However, the modulation of the retrieval
process in Experiment 1 and the modulation of the integration
process in Experiment 2 by grouping of the distractor and
target were independent of encoding-specific effects (indicat-
ed by the nonsignificant four-way interactions). The retrieval
process in Experiment 1 was stronger if the distractor and
target were nongrouped at retrieval in the probe, independent
of the encoding context (i.e., whether the distractor and target
were grouped or nongrouped at integration in the prime).
Similarly, the integration process in Experiment 2 benefited

from distractor–target grouping at integration, independent of
the retrieval context (i.e., whether distractor and target were
grouped or nongrouped at retrieval).

In addition, the present results, together with earlier studies
that had targeted integration and retrieval individually, suggest
that it is high time for a further specification of the TEC
(Hommel et al., 2001). In its original version, the theory did
not explicitly differentiate that two processes (i.e., integration
and retrieval) are necessary in order to measure binding ef-
fects. Instead, that theory mostly focused on feature integra-
tion and implicitly attributed modulations due to such factors
as intentional weighting or salience to differences in this first
process. In an updated version, integration and retrieval pro-
cesses and their individual characteristics would need to be
discussed separately, as indicated by the present study as well
as by various other studies from the last few years of research
(e.g., Frings & Moeller, 2012; Hommel, Memelink, Zmigrod,
& Colzato, 2014; Ihrke et al., 2011; Moeller & Frings, 2014a).

Finally, we would mention that the results of Experiment 2
might also contribute to a better understanding of the relation
between binding processes and longer-term learning effects. It
is not yet clear whether binding contributes to learning (e.g.,
Dutzi & Hommel, 2009; Elsner, & Hommel, 2001, 2004;
Moeller & Frings, 2014b) or whether binding and learning
effects rely on different processes (e.g., Colzato et al., 2006;
Herwig & Waszak, 2012; Moeller & Frings, 2017b). Past
binding studies focused on integration and retrieval effects
with stimuli that occurred simultaneously with or shortly after
response completion. Yet, for sequential learning, associations
between responses and stimuli that are presented in a temporal
sequence seem to be even more relevant. With the findings of
Experiment 2, we reported evidence of binding in sequential
setups for the first time, which is a prerequisite for the possi-
bility that binding might indeed play a role in sequence learn-
ing.Moreover, we identified a factor that ensured binding over
time, namely grouping via color similarity. This can be the
basis for analyzing the possible role of binding in sequence
learning in the future.

In summary, this study reports first evidence for the sepa-
rate influences of (non)grouping via color (dis)similarity on
stimulus–response integration and on stimulus–response re-
trieval processes in distractor–response binding. Target–
distractor color dissimilarity enhanced retrieval, due to
distractor repetition in a flanker paradigm. If integration had
to be ensured over time (due to asynchronous target and
distractor presentation), color similarity enhanced
distractor–response integration. On a more general note,
binding effects in sequential tasks always reflect a mixture
of integration and retrieval processes. Thus, in sequential tasks
researchers should carefully consider which process might be
responsible for a particular data pattern, because stimulus in-
tegration and retrieval processes might be differently affected
by experimental conditions.
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