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Abstract
The feature codes of stimuli and responses can be integrated, and if a stimulus is repeated it can retrieve the previously integrated
response. Furthermore, even irrelevant features can be integrated and, upon repetition, retrieve the response. Yet the role of
attention in feature integration and retrieval is not clearly understood. Some theories assume a central role of attention (e.g.,
Logan, 1988; Treisman & Gelade, 1980), but other studies have shown no influence of attention on feature binding (e.g.,
Hommel, 2005). In the present experiments the effect of attention on the integration of two different response-irrelevant features
of the same stimulus was examined. In two experiments, participants responded to the color (response feature) of word stimuli,
while two irrelevant features of the words (word type and valence) were systematically varied. Participants’ attention was directed
to either one or the other of the response-irrelevant features by asking participants to report that feature at the end of the trial.
Feature–response binding effects in the color taskwere observed to be stronger for the attended response-irrelevant feature. These
results indicate that feature binding is not only very flexible but also sensitive to the distribution of attention. It is also automatic,
in the sense that as long as attention is available, feature binding occurs irrespective of the task-specific demands.
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Human action planning and execution is a central aspect of
everyday life. Understanding action control at the micro level
(e.g., at the level of feature integration and response selection)
has been a goal of cognitive psychology right from the begin-
ning (e.g., Ach, 1910; James, 1890). In the last two decades,
researchers have agreed on the idea that responding entails the
integration of stimulus and response features into short-lived
episodic compounds (e.g., Hommel 1998; Hommel,
Müsseler, Aschersleben, & Prinz, 2001; Logan, 1988).
These stimulus–response bindings enable retrieval of the re-
sponse if a stimulus is repeated. According to the theory of
event coding (Hommel, 2004; Hommel et al., 2001), the fea-
ture codes of the stimulus and the response are integrated into
event files, which are feature compounds much like the object
files of perception research (see Kahneman, Treisman, &
Gibbs, 1992), with the difference that response features are

included. Should any of the feature codes be repeated, the
entire event file is retrieved, resulting in response facilitation
if all the features, including the response, are repeated, and
response interference if some of the stimulus or response fea-
tures change.

Interestingly, not only the stimulus features we respond to
can be integrated with the response; rather, even irrelevant
features, and even entire irrelevant stimuli that occur simulta-
neously or in close temporal contiguity with the target stimu-
lus, are integrated with the response—a finding labeled
distractor–response binding (Frings, Rothermund, &
Wentura, 2007). The stimulus–response retrieval model
(Rothermund, Wentura, & De Houwer, 2005) postulates re-
trieval of the previously executed (and stored) response upon
repetition of the distractor. This retrieval, however, has differ-
ent effects on responding, depending on whether the response
remains the same or changes. If a distractor is repeated, it
retrieves the integrated response and thus facilitates
responding in the case of a repeated response, since the re-
trieved response matches the response that is to be executed.
However, distractor repetition hinders responding if the re-
quired response has changed, since the retrieved response
does not match the response that must be executed. The
distractor–response binding effect has been shown to exist
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for a number of different types of distractors in the visual,
auditory, and tactile modalities (e.g., Frings, et al., 2007;
Mayr & Buchner, 2006; Moeller & Frings, 2011;
Rothermund et al., 2005); furthermore, it has been shown to
exist within as well as across modalities (Frings, Moeller, &
Rothermund, 2013).

The interplay between attention and binding

However, the role of attention in producing feature–response
binding effects is still not clear. On the one hand, attention is
assumed to be necessary for the integration process (e.g.,
Logan, 1988; Treisman & Gelade, 1980). According to the
feature integration theory of attention (Treisman & Gelade,
1980), stimulus features are encoded separately and are later
integrated together—a process that requires attention
(Treisman & Gelade, 1980). The authors thus likened atten-
tion to a B‘glue’ which integrates the initially separable fea-
tures into unitary objects^ (Treisman & Gelade, 1980, p. 98).
Another integration theory, the instance theory of
automatization (Logan, 1988), is based on the assumption that
Bencoding into memory is an obligatory, unavoidable conse-
quence of attention^ (Logan, 1988, p. 493). This suggests that
attended stimuli are inevitably encoded and upon repetition
retrieve their previous instance—in short, attention seems to
be necessary to producing the effects of instance retrieval. In
line with this, spatial attention has been shown to be necessary
for feature integration (van Dam & Hommel, 2010) and the
integration of distractor stimuli (Moeller & Frings, 2015). For
example, Moeller and Frings (2015) observed integration in a
dual-task setting if both tasks were presented in the same
spatial location, whereas presenting the tasks in two separate
locations hindered integration between the distractor stimuli
and responses. Moreover, additional stimuli that are relevant
due to a second task can also be integrated with responses in a
choice reaction task (Moeller & Frings, 2014a). Together, this
evidence suggests that additional stimuli can become integrat-
ed in a given event file, as long as the stimuli receive sufficient
attention.

However, regarding different task-irrelevant features of an
individual stimulus, it is still unclear whether these are auto-
matically integrated to similar degrees, or whether attentional
allocation also influences bindings within a single stimulus.
Hommel (1998, 2004) suggested that only features that are
relevant to the task or that are salient are likely to be integrat-
ed. In his experiments he observed stronger binding effects for
the feature that was relevant to the response than for those
features that were not relevant to the response. Binding effects
were observed for task-irrelevant features, as well, but such
effects were strongest for the response-relevant feature.
Hence, Hommel and colleagues suggested that although inte-
gration is an automatic process, there is an Battentional-

weighting^ system through which the features that are more
relevant are more likely to retrieve an integrated response
(Hommel, 2004; Hommel, Memelink, Zmigrod, & Colzato,
2014; Memelink & Hommel, 2013). Memelink and Hommel
referred to this weighting of relevant features as Bintentional
weighting.^ They argued that weighting in the perceptual do-
main may be referred to as Battentional weighting,^ since it
affects attentional processes; however, they further argued that
such a weighting system also affects action selection in a
similar manner, and thus they used the term Bintentional
weighting^ to allow for summing up the weighting processes
of both perception and action selection.

There is tentative evidence for intentional weighting of
stimulus features from priming studies. Priming effects can
be explained by episodic retrieval (e.g., Denkinger &
Koutstaal, 2009; Horner & Henson, 2009, 2011). It has been
suggested that, when a stimulus is responded to, an S–R epi-
sode (Waszak, Hommel, & Allport, 2003) or an event file
(Hommel et al., 2001) is created, in which the stimulus and
response information is stored. If the stimulus is repeated, it
retrieves the response information with which it was integrat-
ed, thus resulting in shorter reaction times (RTs) to a repeated
stimulus. Such binding effects have also been observed in
task-switching contexts (e.g., Koch & Allport, 2006; Koch,
Prinz, & Allport, 2005). These bindings do not have to be
object-specific; rather, they can be of a conceptual or semantic
nature, as well (e.g., Denkinger & Koutstaal, 2009; Henson,
Eckstein, Waszak, Frings, & Horner, 2014). Interestingly,
Spruyt, De Houwer, and Hermans (2009) found that when a
stimulus had two semantic features—one affective and one
nonaffective semantic feature—priming effects were found
only for that feature to which attention had been directed via
a second task. Attention was directed to either an affective or a
semantic feature by requiring participants to classify the words
on one of the two feature dimensions on either 25% or 75% of
the trials (i.e., either an affective semantic classification [pos-
itive–negative] or a nonaffective semantic classification [ani-
mal–object]). In the remaining trials, the authors observed
significant priming effects only if attention was directed to
the respective feature. The authors took this as evidence that
feature-specific allocation of attention determined the extent
to which that feature was processed, and accordingly might
reduce the extent to which other features might get processed.
Thus, features that receive attention (due to an additional task)
are likely to be processed to a greater extent, and might thus
reduce the amount of processing for other features.

On the basis of these assumptions, one might also expect to
find larger binding effects for attended than for unattended
task-irrelevant features. Such a pattern might be seen as anal-
ogous to the phenomenon of overshadowing, as observed in
such forms of associative learning as classical conditioning.
Overshadowing refers to the observation that, whenmore than
one stimulus is present, the more salient of themmay decrease
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or prevent conditioning to the less salient stimulus
(Mackintosh, 1975). Due to the attentional manipulation in
the present experiments, one of the stimulus features was
made more salient, and stronger retrieval effects were expect-
ed for this feature.

On the other hand, experiments by Hommel and Colzato
(2004) seem to indicate that increased attention does not nec-
essarily lead to increased integration. To increase attention, the
participants in an instructed-attention condition were asked to
report a feature of the stimulus (at random) after the trial. Even
though participants generally had longer RTs in the attended
condition, suggesting that the attention manipulation had tak-
en effect, the integration of the reported features was not sig-
nificantly strengthened due to the additional attention. Thus,
although it has been shown that increased attention leads to
increased processing of a particular feature (Spruyt et al.,
2009), attention has not been shown to influence the integra-
tion of task-irrelevant features (Hommel & Colzato, 2004). It
should be noted, though, that attention was not drawn to one
specific feature, and other features could have been ignored in
the study by Hommel and Colzato (2004). Rather, the authors
aimed to increase attention generally for all features.
Therefore, this study does not reveal information about vary-
ing degrees of integration concerning the differently attended
features in one stimulus.

Taken together, although some theories suggest that atten-
tion is a requirement for integration (e.g., Logan, 1988;
Treisman & Gelade, 1980), others suggest that other factors,
such as task relevance or salience, can modulate integration
(Hommel, 1998; Memelink & Hommel, 2013). Evidence has
been found for spatial attention as a prerequisite (Moeller &
Frings, 2014b, 2015; van Dam & Hommel, 2010); however,
evidence has also been found for the modulation of integration
by task relevance and/or salience, given spatial attention
(Hommel, 1998; Hommel & Colzato, 2009). Therefore, it
would appear that integration does not necessarily follow from
attention. Spatial attention toward an object does not ensure
integration of all the response-irrelevant features (especially
when more than one feature is present), and integration might
still be influenced by factors such as task relevance or salience
(Hommel, 1998, 2004), long-term learning (Moeller & Frings,
2014b, 2017), or some kind of weighting mechanism
(Memelink & Hommel, 2013). In turn, a lack of attentional
allocation does not necessarily imply that no integration will
occur.

The present study

In the present experiments, the effect of feature-based atten-
tion on the binding of responses with irrelevant features was
examined. The relevant and irrelevant features all belonged to
the same stimulus, and were thus always in the same spatial

location, ensuring that all of them were spatially attended.
However, feature-based attention toward the response-
irrelevant features was manipulated; depending upon the con-
dition, one of two features was attended, while the other was
not. Participants responded to the color of a word. Each word
had three features: one task-relevant feature—color (yellow
vs. green)—and two features—an affective feature (valence:
positive vs. negative) and a lexical feature (word type: adjec-
tive vs. substantive)—that were irrelevant to the color task.
The three particular stimulus features used—color, word type,
and valence—were selected because each of these features is
processed relatively automatically. Color as a feature can be
processed automatically and without focused attention (e.g.,
Treisman, 1988). Lexical features can be activated relatively
automatically, due to the automaticity of reading and language
encoding (e.g., Pickering & Braningan, 1998; Roelofs, 1992),
and valence as a feature can also be processed relatively au-
tomatically, as has been evidenced by studies on affective
priming (e.g., Fazio, Sanbonmatsu, Powell, & Kardes,
1986). Only color was relevant to the (RT) task and therefore
was always attended. Depending on the experimental condi-
tion, one of the other two features was relevant to a second
task (and, hence, probably attended), but still it was irrelevant
to the color classification task. We expected to observe stron-
ger binding effects for the response-irrelevant but attended
features (i.e., the feature irrelevant to the speeded RT task,
but relevant to the second task).

In particular, in one condition the lexical feature was
attended to, and in the other condition the affective feature
was attended to. This was achieved by asking the participants
to report either the lexical or the affective feature of the word
(depending on the condition) at the end of some of the trials.
Please note that these features were still irrelevant to the color
classification task that was used to measure binding effects. In
each of the conditions, all three features of the word (color and
the affective and lexical features) were orthogonally varied,
thus allowing us to compute the binding effect for each of the
response-irrelevant features in both conditions. If the
intentional-weighting mechanism also influences the integra-
tion of response-irrelevant features, we expected to see stron-
ger binding effects for the attended than for the nonattended
irrelevant feature. More concretely, we would expect to find a
significant three-way Response Relation × Valence Relation ×
Second Task interactions, which would suggest differing
Response Relation × Valence Relation interactions depending
upon whether or not valence was relevant to the second task.
Similarly, we also expected to find a significant three-way
Response Relation × Word Type Relation × Second Task in-
teraction, which would suggest differing Response Relation ×
Word Type Relation interactions depending upon whether or
not word type was relevant to the second task. To quantify the
strength of the bindings, the distractor–response binding ef-
fects for each of the two features was calculated when they
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were relevant to the second task and when they were not. Here
we would expect the strength of the binding effects to be
significantly different, depending on whether or not that fea-
ture was relevant to the second task. That is, we would expect
the distractor–response binding effect for valence to be stron-
ger in the condition in which valence was relevant to the
second task than in the condition in which valence was not
relevant to the second task. Similarly, we would expect stron-
ger distractor–response binding effects for word type in the
condition in which word type was relevant to the second task
than in the condition in which it was not relevant.

Experiment 1

Method

Participants Sixty students (47 female, 13 male) from the
University of Trier participated for partial course credit. The
60 participants were randomly assigned to one of two exper-
imental groups. The median age was 22 years (range 18–33).
All participants reported normal or corrected-to-normal vi-
sion. The sample size was calculated according to previous
distractor-based binding effects, which typically lead to mid-
dle to large sized effects (Cohen’s d between 0.4 and 1). Thus
we planned to runN = 30 participants in each group, leading to
a power of 1–β = .96 (assuming an alpha = .05) (GPower
3.1.9.2, Faul, Erdfelder, Lang, & Buchner, 2007).

Design The experiment was constructed according to a mixed
design, with three within-subjects variables—namely, re-
sponse relation (repetition vs. change), word type relation
(repetition vs. change), and valence relation (repetition vs.
change)—and one between-subjects variable—namely, sec-
ond task (word type relevant vs. valence relevant).

Materials The experiment was run using the E-Prime
Software, Version 2.0. The stimuli were 48 German words,
taken from the Berlin Affective Word List (Võ et al., 2009),
that were either positive or negative in valence and either
adjectives or nouns; that is, each of the 48 words had both
features (see Table 2). Table 1 contains mean ratings for the
lexical characteristics of the two valence groups. The words
were presented centrally on a black background in 12-point
Courier New font, subtending a visual angle of 0.38° in height
and 1.24° to 4.39° in width. The words were presented in
either green (RGB Values: 144, 255, 0) or yellow (RGB
Values: 228, 225, 0). The viewing distance was approximately
60 cm (Table 2).

Procedure The participants were tested individually in
soundproof chambers. The experimental instructions were
presented on screen and summarized by the experimenter.

The participants were asked to place their right-hand in-
dex finger on the BJ^ key and their left-hand index finger
on the BF^ key. The participants were to respond to the
color of the words. Half of the participants responded to
the yellow color with a right-hand keypress and the green
color with a left-hand keypress, and the other half of the
participants received the opposite mapping. One half of
the participants were encouraged to attend to the valence
of the words, and the other half were encouraged to attend
to the word type. This was achieved by means of yes/no
questions about either the word type or the valence of the
words presented in that trial; these questions appeared at
the end of 75% of the trials. Each trial started with a
fixation cross for 1,000 ms. Participants were instructed
to fixate the cross as the stimuli would appear at that
position. Then followed the prime, which stayed on
screen until a response was made. A blank screen then
followed for 500 ms, after which the probe was presented
and stayed on screen until a response was made.
Depending on the group, on 75% of the trials the partic-
ipants were asked to report either the word type or the
valence of the prime and probe words in the current trial.
The questions were yes/no questions and had to be
responded to with the B4^ and B6^ keys on the number
pad. Once participants had answered the questions, they
could start the next trial by pressing the space bar. The
trial sequence is depicted in Fig. 1. It must be noted that
no word was ever repeated from the prime to the probe.
Before starting the test block, the participants worked
through a practice block of 32 randomly selected trials.
In the practice trials, the participants received feedback on
all trials. In the test block, consisting of 256 trials, the
participants received feedback only when they responded
incorrectly. Within each condition the response relation,
word type relation, and valence relation were manipulat-
ed. In response repetition (RR) trials, the same color
(green or yellow) was repeated from the prime to the
probe, and in response change (RC) trials the color was
changed from the prime to the probe. Similarly, in word
type repetition (WR) trials the word type (either adjective
or noun) was repeated from the prime to the probe, and in
word type change (WC) trials it was changed from the
prime to the probe. In valence repetition (VR) trials the
valence was repeated, and in valence change trials (VC) it
was changed between the prime and the probe.

Results

Only trials with correct responses to both the prime and the
probe were included in the analysis. Trials that had RTs that
were either shorter than 200 ms or longer than 1.5 interquartile
ranges above the third quartile of the RT distribution of the
participant were not included in the analysis (Tukey, 1977).
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This resulted in a total of 10.5% of the data being excluded
from the RT analysis. Table 3 shows the mean RTs and error
rates.

Probe RTs were analyzed in a 2 (response relation) × 2
(word type relation) × 2 (valence relation) × 2 (second task)
mixed model multivariate analysis of variance (MANOVA),
with second task as the between-subjects factor and Pillai’s
trace as the criterion. A significant main effect of response
relation was observed, F(1, 58) = 135.02, p < .001, ƞp2 =
.70, suggesting faster responses when the same response was
to be repeated (M = 574 ms, SD = 198 ms) than when the
response had to be changed (M = 627 ms, SD = 198 ms).
Significant main effects of word type relation, F(1, 58) =
5.44, p = .023, ƞp2 = .09, and valence relation, F(1, 58) =

4.22, p = .044, ƞp2 = .07, suggested faster responses in general
when the word type was repeated (M = 598 ms, SD = 195 ms)
than when it changed (M = 603 ms, SD = 200 ms), and faster
responses when the valence was repeated (M = 597 ms, SD =
191 ms) than when it changed (M = 604 ms, SD = 205 ms).
However the main effect of valence was further modulated by
the second task, F(1, 58) = 4.80, p = .033, ƞp2 = .08, suggest-
ing that responses were faster when valence was repeated, but
only when valence, not word type, was relevant in the second
task. The interaction of response relation and valence relation
(which signifies the overall distractor–response binding effect
for valence, independent of the second task) was also signif-
icant, F(1, 58) = 6.17, p = .016, ƞp2 = .10, suggesting that
when both the response and valence were repeated the

Table 2 Words used in the study (English translations in parentheses)

Negative Words

GIFTGAS (Poison Gas) SCHLIMM (Evil). In Exp. 2a, Tot (Dead)

WELTKRIEG (World War) KRANK (Sick). In Exp. 2a, Lieblos (Uncharitable)

PEST (Plague). In Exp. 2a, Nazi (Nazi). LEBLOS (Lifeless)

ALPTRAUM (Nightmare) GRAUSAM (Gruesome)

FOLTER (Torture) EINSAM (Lonely)

MASSAKER (Massacre) TREULOS (Faithless)

MORD (Murder) PERVERS (Perverse)

TOD (Death) ANGST (Anxiety)

ATOMBOMBE (Atom Bomb) QUAL (Agony)

GEWALT (Violence) PANISCH (Panic)

BRUTAL (Brutal) NUKLEAR (Nuclear)

ILLEGAL (Illegal) TRAURIG (Unhappy)

Positive Words

SPAß (Fun) LEBENDIG (Lively). In Exp. 2a, Sonnig (Sunny)

FREIZEIT (Leisure Time) EHRLICH (Truthful)

URLAUB (Vacation) LIEB (Endearing)

SOMMER (Summer) TOPFIT (Fit)

FERIEN (Holidays) GENIAL (Genial)

HEILUNG (Cure) WOCHENENDE (Weekend). In Exp. 2a, Liebe (Love)

SEX (Sex) BELIEBT (Popular)

SONNE (Sun) OPTIMAL (Optimal)

GLÜCK (Luck) PERFEKT (Perfect)

FREUDE (Happiness) WARM (Warm)

PARADIES (Paradise) KREATIV (Creative)

MUTIG (Courageous) GESUND (Healthy)

Table 1 Mean ratings for valence, arousal, word length, word frequency, and orthographic neighbors

Valence Arousal Word Length Frequency Orthographic Neighbors

Positive 2.46 2.85 6.17 41.47 1.17

Negative – 2.44 3.96 6.33 33.74 1.13
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responses were faster than when only one of these features
was repeated. The significant main effect of word type relation

was not further modulated by either second task, F(1, 58) =
1.05, p = .310, ƞp2 = .02, or response relation, F(1, 58) = 1.44,

Fig. 1 Trial sequence—the screens after the broken line appeared on only
75% (Exps. 1 and 2b) or 33.3% (Exp. 2a) of the trials. Depending on the
condition, participants had to report either the valence or the word type of
the prime word in response to Question 1, and the valence or the word
type of the probe word in response to Question 2. The first question
always pertained to the prime (in this example, BWas the first word
positive?^); participants responded with a Byes^ or Bno^ response to

whether the prime word was positive (or negative) or an adjective (or
noun). The second question always pertained to the probe (in this exam-
ple, BWas the second word positive?^); participants responded with a
Byes^ or Bno^ response to whether the probe word was positive (or neg-
ative) or an adjective (or noun). After the two questions, participants were
asked to press the space bar to continue (BWeiter mit der Leertaste^).

Table 3 Mean reaction times and error rates (in parentheses) for Experiment 1 as a function of relevance in the second task (word type relevant vs.
valence relevant), response relation (response repeated [RR] vs. response changed [RC]), valence relation (valence repeated [VR] vs. valence changed
[VC]), and word type relation (word type repeated [WR] vs. word type changed [WC])

VR VC

WR WC WR WC

Word-type-relevant condition RR 537 (1.0) 552 (3.9) 540 (1.5) 559 (2.7)

RC 592 (3.1) 592 (1.0) 588 (3.5) 584 (1.1)

Valence-relevant condition RR 582 (1.3) 580 (1.1) 619 (2.8) 628 (4.2)

RC 668 (2.9) 673 (2.9) 658 (2.0) 658 (2.9)
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p = .235, ƞp2 = .02. The three-way interactions of Response
Relation × Valence Relation × Second Task, F(1, 58) = 2.79, p
= .100, ƞp2 = .05, and Response Relation × Word Type
Relation × Second Task, F(1, 58) = 1.44, p = .235, ƞp2 =
.02, were not significant.

Error rates The same analyses were run for the error rates.
A significant interaction of response relation and word
type relation, F(1, 58) = 13.08, p = .001, ƞp2 = .18, was
observed, which was further modulated by second task,
resulting in a significant three-way Response Relation ×
Word Type Relation × Second Task interaction, F(1, 58) =
11.39, p = .001, ƞp2 = .16, suggesting that when word
type was relevant in the second task the binding between
response and word type was stronger than when word
type was not relevant to the second task. The important
three-way Response Relation × Valence Relation ×
Second Task interaction was also significant, F(1, 58) =
6.72, p = .012, ƞp2 = .10, suggesting that, similar to word
type, when valence was relevant to the second task, the
binding of response and valence was stronger than when
valence was not relevant. Thus, the predicted three-way
interactions, although absent in the RT analysis, were ob-
served in the analysis of error rates.

Distractor–response binding effects The distractor–response
binding (DRB) effects were calculated for RTs and error
rates using the following formulas: (RRVC – RRVR) –
(RCVC – RCVR), for the valence binding effect, and
(RRWC – RRWR) – (RCWC – RCWR), for the word type
binding effect. The DRB effects were calculated individu-
ally for both distractors in both second-task conditions—
that is, for the condition in which the distractor was relevant
as well as the condition in which it was not relevant (Fig. 2).
There was no significant difference in the DRB effects on
RTs for word type when word type was the relevant feature
(19 ms) and when it was not the relevant feature (– 1 ms),
t(58) = – 1.27, p = .208, nor in the DRB effects for valence
when valence was the relevant feature (54 ms) versus when
it was not the relevant feature (10ms), t(58) = 1.67, p = .100.
For error rates, however, we did find a significant difference
between the DRB effects of word type when word type was
the relevant feature (4.4% errors) versus when it was not the
relevant feature (0.19% errors), t(58) = – 3.38, p = .001, and
between the DRB effects for valence when valence was the
relevant feature (2.69% errors) versus when it was not the
relevant feature (– 0.68% errors), t(58) = 2.57, p = .013,
indicating larger effects for each of the attended features.
Thus, the predicted differences in the strength of binding
effects that depended upon the second task were observed
in the error rates. However, although the difference was not
statistically significant for RTs, the pattern of the binding
effects was very similar to that for error rates (Fig. 2).

Discussion

The aim of Experiment 1 was to test whether attending to one
response-irrelevant feature of a stimulus would result in stron-
ger binding effects for that feature. The participants were en-
couraged to attend to one of two irrelevant stimulus features,
and the binding effects were measured for both the irrelevant
attended feature and the irrelevant nonattended feature. The
DRB effects in the error data were significantly stronger in the
condition in which the features receivedmore attention than in
the condition in which the features did not receive attention;
that is, the DRB effect for word type was stronger in the
condition in which word type received attention than in the
condition in which it did not receive attention, and the DRB
effect for valence was stronger in the condition in which va-
lence received attention than in the condition in which it did
not receive attention. This pattern was also observed in the RT
data, even if only at a descriptive level. Together, the results of
Experiment 1 indicate that, if more than one response-
irrelevant feature is present, the feature that is attended will
be integrated with the response to a greater extent (i.e., stron-
ger binding effects). It can be argued that when participants
were encouraged to attend to one of the features by asking
them to report that feature, the weights for that dimension
were set higher than for the other dimension. However, attend-
ing to a particular feature does not exclude the possibility of
feature–response binding for the unattended feature; attention
merelymakes it more likely that feature–response binding will
be stronger for the attended than for the unattended feature. In
Experiment 1, attention to one or the other feature was treated
as a between-subjects factor. That is, participants did not need
to shift attention between features during the experiment. In
such a rather stable attentional situation, differences in atten-
tion to response-irrelevant stimuli apparently influence inte-
gration. In the following experiment, we aimed to examine the
flexibility of this intentional weighting. Therefore, attention to
the response-irrelevant features was treated as a within-
subjects factor.

Experiment 2

The aim of Experiment 2 was to examine the effect of our atten-
tional manipulation in situations that would require more flexible
attentional shifts. Attention to one or the other irrelevant feature
was varied within subjects, either in two separate blocks (Exp.
2A) or in a trial-by-trial manner (Exp. 2B). As in Experiment 1,
we expected to find significant three-way interactions of
Response Relation × Valence Relation × Second Task and
Response Relation × Word Type Relation × Second Task.
However, we also predicted that if the internal system of inten-
tional weighting is flexible and can respond very quickly to
changes in attentional requirements, the three-way interactions
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of Response Relation × Valence Relation (or Word Type
Relation) × Second Task (in which either valence or word type
was relevant) would not be further modulated by the manner in
which attention was varied (either in two blocks or trial by trial).
If, however, this system is not flexible enough to respond to faster
changes (as in the trial-by-trial variation), we would expect the
three-way interactions to be further modulated by the manner in
which attention was varied. Specifically, we would expect to see
the significant three-way interactions in the blocked condition but
not in the trial-by-trial condition.1 As in Experiment 1, the

distractor–response binding effects were again computed both
for the condition in which the feature was relevant to the second
task and for the condition in which it was not. Again, we pre-
dicted stronger binding effects when the feature was relevant to
the second task than when it was not relevant to the second task.

Method

Participants Sixty-two participants (47 female, 15 male) from
the University of Trier participated for partial course credit (32
in Exp. 2A and 30 in Exp. 2B). The median age of the partic-
ipants was 21 years (range 18–31). The age data were not
logged for one participant due to a technical error, but the data
of this participant nonetheless have been included. Two par-
ticipants (Exp. 2B) were excluded from the analysis due to
interruptions in the experiment. All participants reported nor-
mal or corrected-to-normal vision.

1 As we report below, Experiment 2 was in fact run in two slightly different
versions that we have presented here as Experiments 2A and 2B. In one
version, the participants’ attention was manipulated in a blocked manner and
they had to report the relevant feature on 33.3% of the trials, and in the other
version their attention was manipulated in a trial-by-trial manner and they
reported the relevant feature on 75% of the trials. Furthermore, five words
were changed in Experiment 2B, due to their similarity to other words.
These changes are noted in Table 1b. All analyses reported below were run
with attentional manipulation type as a further independent variable.

Fig. 2 Distractor–response binding effects for reaction times (upper panel) and error rates (lower panel) in Experiments 1 and 2, as a function of
relevance condition. Error bars indicate the standard errors of the means.
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Design The experimental design included four within-subjects
factors—namely, response relation (repetition vs. change),
word type relation (repetition vs. change), valence relation
(repetition vs. change), and second task (word type relevant
vs. valence relevant)—and one between-subjects factor—at-
tentional manipulation type (block-wise or trial by trial).

Materials and procedure The materials and procedure were
the same as in Experiment 1, except for the following changes:
In Experiment 2A, attention was manipulated in a blocked
manner, and in Experiment 2B it was manipulated trial by trial
by presenting a cue before each trial. In Experiment 2A, the
participants were asked to report the feature after 33.3% of the
trials, and in Experiment 2B they did so after 75% of the trials.

Results

Reaction times Only trials with correct responses to both the
prime and the probe were included in the analysis. Trials that
had RTs that were either shorter than 200ms or longer than 1.5
interquartile ranges above the third quartile of the RT distri-
bution of the participant were not included in the analysis
(Tukey, 1977). This resulted in a total of 11.45% (Exp. 2A)
and 10.5% (Exp. 2B) of the data being excluded from the RT
analyses. Table 4 shows the mean RTs and error rates.

Probe RTs were analyzed in a 2 (response relation) × 2
(word type relation) × 2 (valence relation) × 2 (second task)
× 2 (attentional manipulation type) MANOVA, with Pillai’s
trace as the criterion. A significant main effect of response
relation was observed, F(1, 58) = 113.03, p < .001, ƞp2 =
.66, suggesting faster RTs when the response was repeated
(M = 566 ms, SD = 118 ms) than when the response was
changed (M = 621 ms, SD = 128 ms). The main effect of word
type relation was marginally significant, F(1, 58) = 2.87, p =
.096, ƞp2 = .05, suggesting faster RTs when the word type was
repeated (M = 591 ms, SD = 121 ms) than when the word type
was changed (M = 595 ms, SD = 124 ms). The three way
interaction is the second task × response relation × valence
relation intraction, i.e. the valence-response integration which
is modulated by second task, F(1, 58) = 3.91, p = .053, ƞp2 =
.06, suggesting that the integration of valence and response

was stronger when valence was relevant to the second task
than when it was not relevant to the second task. The
Response Relation × Word Type Relation interaction was
marginally significant, F(1, 58) = 3.22, p = .078, ƞp2 = .05.
No other effects were significant, Fs < 2.5, ps > .152. Thus, in
RTs the predicted three-way interaction was (marginally) sig-
nificant only for valence, but not for word type.

Error rates The same analysis was conducted for the error rates.
The interaction of response relation and valence relation was
significant,F(1, 58) = 10.82, p = .002, ƞp2 = .16, suggesting that
participants were overall more accurate when both the valence
and response were repeated. This interaction was further mod-
ulated by attentional manipulation type, F(1, 58) = 4.95,
p = .030, ƞp2 = .08, suggesting that responses were more accu-
rate when both the response and valence were repeated, but
only for the blocked attentional manipulation type. The
Second Task × Response Relation × Valence Relation interac-
tion was not significant,F(1, 58) = 2.53, p = .117, ƞp2 = .04, and
was not modulated by attentional manipulation type, F(1, 58) =
0.13, p = .719, ƞp2 = .00. Similarly, for word type the Response
Relation ×Word Type Relation interaction was significant, F(1,
58) = 23.58, p < .001, ƞp2 = .29, suggesting more accurate
responses if both response and word type were repeated. This
interaction was further modulated by attentional manipulation
type, F(1, 58) = 4.66, p = .035, ƞp2 = .07, in that the effect was
stronger for the blocked attentional manipulation type. The cru-
cial three-way Second Task × Response Relation × Word Type
Relation interaction was significant, F(1, 58) = 10.84, p = .002,
ƞp2 = .16. This interaction was not further modulated by atten-
tional manipulation type, F(1, 58) = 1.97, p = .166, ƞp2 = .03.
Thus, in the error rates, the predicted three-way interaction was
significant only for word type.

Distractor–response binding effects As in Experiment 1, the
DRB effects were calculated for both valence and word type
in both conditions (Fig. 2). The DRB effects were analyzed in
a mixed-model ANOVA with one within-subjects factor
(DRB effect: for the relevant feature vs. the irrelevant feature)
and one between-subjects factor (attentional manipulation
type: block-wise vs. trial by trial). In RTs, the DRB effect

Table 4 Mean reaction times and error rates (in parentheses) for Experiment 2 as a function of relevance in the second task (word type relevant vs.
valence relevant), response relation (RR vs. RC), valence relation (VR vs. VC), and word type relation (WR vs. WC)

VR VC

WR WC WR WC

Word-type-relevant condition RR 564 (1.6) 572 (3.3) 559 (2.0) 578 (4.5)

RC 622 (4.4) 616 (2.4) 621 (3.7) 625 (2.6)

Valence-relevant condition RR 558 (2.3) 556 (1.8) 567 (3.3) 574 (3.6)

RC 622 (4.3) 624 (3.3) 617 (2.8) 617 (2.4)
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for valence was significantly different when valence was the
relevant feature (20 ms) as compared to when valence was not
the relevant feature (– 3 ms), F(1, 58) = 4.00, p = .050, ƞp2 =
.06. The DRB effects for word type when word type was the
relevant feature (14 ms) versus when it was not the relevant
feature (1 ms) did not differ significantly, F(1, 58) = 1.54, p =
.219, ƞp2 = .03. For error rates, the DRB effect for valence
when valence was the relevant feature (2.57% errors) was
marginally different (but would have been significantly differ-
ent in one-tailed testing) from when valence was not the rele-
vant feature (1.00% errors), F(1, 58) = 2.76, p = .102, ƞp2 =
.05. For word type, the difference was significant when word
type was the relevant feature (3.65% errors) as compared to
when it was not the relevant feature (0.55% errors), F(1, 58) =
11.09, p = .002, ƞp2 = .16. Thus, the predicted difference in the
strength of the binding effects of valence when valence was
relevant to the second task was observed both in the RTs and
(marginally) in the error rates. The predicted difference in the
word type binding effects was significant only in the error
rates; however, although the difference was not statistically
significant, the pattern in the RTs was similar to that found
in error rates.

Discussion

The pattern of results in Experiment 2 was identical to that
observed in Experiment 1, thus providing further evidence of
stronger binding effects for the attended than for the unattend-
ed feature. This was the case even when the attentional shifts
occurred within subjects, and even when the attentional shifts
occurred relatively quickly (in this case, on a trial-by-trial
basis2). The DRB effects for both irrelevant features were
significantly stronger when the features were relevant to the
second task than when they were not relevant to the second
task. For valence, this significant difference was evident in the
RTs and (marginally) in the error rates, and for word type it
was found only in the error rates.

General discussion

The aim of the present experiments was to test whether atten-
tion modulates binding effects of response-irrelevant features.

To investigate this question, we compared binding effects of
response-irrelevant features that received attention due to a
second task and response-irrelevant features that did not re-
ceive attention due to a second task. Our results show that
irrelevant features produce binding effects but that attention
modulates binding effects of response-irrelevant features.

In the present experiments the stimuli had three features, of
which two were irrelevant to the RT task (namely, valence and
word type). Significantly stronger binding effects were found
for the feature that was attended (in this case, because we
asked the participants to report the feature at the end of a
proportion of trials) as compared to the other (unattended)
feature. This pattern was replicated in a blocked design as well
as in a trial-by-trial design. Although the present results pro-
vide evidence for a modulation of feature–response binding
by attention—that is, attended features are likely to get inte-
grated more strongly with the response than are unattended
features—even unattended features might be integrated with
the response (e.g., Moeller & Frings, 2015; van Dam &
Hommel, 2010). Thus, attention might simply allow for
more/stronger binding of the attended feature than of the un-
attended feature—which may still be integrated, albeit to a
lesser extent.

It might be argued that because all features share the same
spatial location, they are all likely to be integrated with the
response. As we mentioned above, even unattended features
may be integrated with the response (e.g., Moeller, Frings, &
Pfister, 2016), and spatial location has been shown to modu-
late integration (e.g., Moeller & Frings, 2015; van Dam &
Hommel, 2010). However, this is not always the case, espe-
cially not when there is more than one irrelevant feature. For
instance, Hommel (1998, Exp. 1; Hommel & Colzato, 2009)
found evidence of feature–response integration for only one of
the two irrelevant features of the same stimulus. Thus, al-
though spatial location is beneficial to integration, it does
not necessarily imply integration. Furthermore, the present
results suggest that feature-based attention can modulate bind-
ing effects even for features that are already spatially attended.

The present results are in accordance with other studies that
have examined the influence of attention on feature binding
and retrieval. For instance, Spruyt et al. (2009) found priming
effects only for the feature that was attended to. In that study
the authors found affective priming effects only when the
participants affectively classified the words and not when
the semantic classification task was done. Similarly, signifi-
cant semantic priming was only observed when the partici-
pants carried out the semantic classification task. Thus signif-
icant priming effects were only observed when the feature
received enough attention. However, in that study, the relevant
feature was response relevant. The participants had to make
either a semantic or affective classification, instead of pro-
nouncing the word, on a certain number of trials. Thus, by
virtue of the task, attention was directed to the affective/

2 A control analysis of possible carryover effects in Experiment 2B was con-
ducted by means of a 2 (cue relation) × 2 (response relation) × 2 (valence
relation) × 2 (word type relation) MANOVA. Neither the Cue Relation ×
Response Relation × Valence Relation interaction, F(1, 29) = 0.37, p = .548,
ƞp2 = .013, nor the Cue Relation × Response Relation × Word Type Relation
interaction,F(1, 29) = 0.67, p = .419, ƞp2 = .023, was significant, suggesting no
significant carryover effects. A similar analysis for Experiment 2A, to examine
carryover effects from one block to the next, was not possible due to the design
of that experiment, which did not allow for a separation of trials into separate
bins (and thus for an analysis of, e.g., the first 25% of trials, to investigate
possible carryover effects).
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semantic feature of the stimulus on the classification trials. In
the present experiments, however, the valence and word type
were always irrelevant to the RT task, they only had to be
reported at the end of the trial (75% or 33.3% of the trials)
but that response was not a speeded response task. The affec-
tive and semantic features never had to be processed in order
to make a response in the RT task. Thus the present results
suggest that when a feature is attended, even when it is irrel-
evant to the response, it still influences responding.

The present results are also in accordance with integration
theories, which suggest that attention influences what gets
integrated. For instance, the feature integration theory of at-
tention (Treisman & Gelade, 1980) argued that attention is
necessary for feature integration, the instance theory of
automatization (Logan, 1988) argued that encoding stimuli
into memory was a consequence of attention directed toward
it, suggesting that attention was necessary for a stimulus to be
encoded into memory.

However, the results may be seen to be in conflict with
the results of other studies that found no effect of atten-
tion on integration and retrieval. For instance, Hommel
and Colzato (2004) found that asking participants to re-
port one of the three stimulus features at the end of a trial
did not increase the strength of the integration and retriev-
al for the reported feature. This difference, however,
might be due to differences in procedure. In the study
by Hommel and Colzato (2004), participants were asked
to report one of three features at random. In the present
Experiment 1, however, the participants consistently re-
ported either one or the other feature. In Experiment 2
of the present study, either participants reported one fea-
ture consistently in one block or they were asked to report
one feature or the other on a trial-by-trial basis. Thus, the
trial-by-trial condition was more similar to the procedure
used in the Hommel and Colzato (2004) study; however,
there was still one important difference: In the trial-by-
trial condition of the present study, a cue appeared before
the beginning of each trial and indicated the feature to-
ward which attention should be directed. Thus, in the
present study attention was specifically directed toward
one or the other feature, rather than attention being gen-
erally increased to the stimulus as a whole.

Notably, we found such integration even for a relatively
salient feature (in this case, valence), with the response
benefiting significantly from receiving attention. We do not,
however, dispute the fact that valence and word type might
have been activated automatically. Indeed, the significant
main effects of valence (although further modulated by second
task) and word type in Experiment 1 and the significant main
effect of word type in Experiment 2 do suggest that these
features might have been activated to some extent. However,
their integration with the response was stronger when atten-
tion was (explicitly) allocated to them. According to Spruyt

et al. (2009), the allocation of feature-specific attention deter-
mines the extent to which stimulus features are processed, and
not whether or not they are processed at all. When applied to
the present results, this would mean that the feature that re-
ceived attention was processed to a higher level than the other
feature. Thus, even though the other feature may have been
processed, this was not enough to ensure that it was integrated
with and retrieved the response. Such a pattern was observed
in the results. In the condition in which attention was directed
toward word type, we observed larger binding effects for word
type than in the condition in which attention was not directed
toward word type. The result pattern for valence was similar.
One process that might result in such a feature-specific allo-
cation of attention is intentional weighting (Memelink &
Hommel, 2013). The mechanism of intentional weighting
serves to weight feature codes on the basis of the intent of
the actor. Thus, features that are considered necessary or
task-relevant will be weighted more heavily, and will thereby
become more salient and receive more attention. The present
results suggest that the intentional weighting system is quite
flexible and is able to cope with attentional shifts within a
stimulus and in a short span of time. In Experiment 2, the
attentional manipulation type (whether attention was directed
to one feature or the other in a blocked manner or in a trial by
trial manner) did not seem to have an effect on integration,
since the three-way interactions were not modulated further by
the factor of attentional manipulation type. This suggests that
when attention is directed to one feature consistently over a
specific period of time, as well as when attention shifts from
one feature to another very quickly, the system of intentional
weighting still functions efficiently, allowing for stronger in-
tegration of and retrieval due to the feature that is more rele-
vant to the actor’s goal intentions. Furthermore, intentional
weighting applies even to response-irrelevant features. Most
interestingly, it does not matter whether a feature is relevant to
the task at hand or to a different task. As long as a feature is
attended at all, it seems to be weighted more heavily and
integrated with any current response.

However, another approach, which is similar to inten-
tional weighting, is that of attentional control sets (e.g.,
Hommel, 2005). This idea suggests that attentional sets
are created on the basis of task goals. These sets contain
features or stimuli that are relevant, and that will then be
processed or attended in an automatic fashion (e.g., Folk,
Remington, & Johnston, 1992). Mast and Frings (2014)
showed that this idea could also be extended to
distractors, and if there is an overlap between distractor
features and task set, then even distractors can capture
attention. Analogous to the intentional-weighting idea,
then, one would argue that both color and the feature that
is currently relevant to the second task would be included
in the task set (i.e., would have their weights set higher),
and only those features that are included in the set would
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be processed automatically. However, as we mentioned
previously, we cannot discount that both irrelevant fea-
tures were activated to a certain extent in all conditions.

The present data are also, to a certain extent, in accor-
dance with the idea of specific task representations
(Dreisbach & Haider, 2009). Dreisbach and Haider pro-
posed that specific task representations allow attention to
be focused only on the response-discriminating features,
and thus shield against processing any other information
that might interfere with carrying out the task. In this way,
only those features that are included in the representation
of the task set are processed. Such an approach could
principally explain the stronger binding effects for the
irrelevant feature that was relevant to the second task in
the present study. This would also, however, indicate that
task sets do not discriminate between tasks, since here
two different tasks had to be performed by the partici-
pants, and hence the features relevant to the second task
were processed and could bind with the responses to the
first task.

The present result pattern is also reminiscent of the phe-
nomenon of overshadowing, as observed in forms of asso-
c ia t ive learn ing such as c lass ica l condi t ioning .
Overshadowing is observed when, if more than one stimu-
lus is present, the more salient stimulus will reduce or pre-
vent conditioning to the less salient stimulus (Mackintosh,
1975). In the present experiments, attention was directed to
one of the two response-irrelevant stimulus features, there-
by increasing the salience of that feature. The result pattern
conforms to the observations of overshadowing in associa-
tive learning, in which binding effects are stronger for the
feature toward which attention is directed. This finding
might be seen as a further similarity between such short-
term distractor–response bindings and learning forms such
as classical conditioning (see Giesen & Rothermund, 2014).
The present findings, which might be considered analogous
to overshadowing, could be seen as evidence of further sim-
ilarity between such short-term binding effects and long-
term forms of learning (see also Moeller & Frings, 2017).

At first sight, it might seem surprising that the valence
feature was integrated with and retrieved responses just as
the nonaffective feature word type did. In affective priming
studies, an RT advantage is usually observed if the prime is
of the same valence as the target or if the valence remains
the same on two consecutive trials. This is the case even if
valence is completely irrelevant to the task. Valence has thus
been considered a feature that is processed automatically,
and affective priming is thus considered to occur uncondi-
tionally, irrespective even of its relevance (e.g., Fazio et al.,
1986; Hermans, De Houwer, & Eelen, 1994). Such binding
has even been observed to bypass the bottleneck in the psy-
chological refractory period paradigm (Fischer & Schubert,
2008). Furthermore, evidence for automatic processing of

valence in the DRB paradigm has also been observed
(Giesen & Rothermund, 2011). In the present study, how-
ever, valence was only integrated with the response and
retrieved the response more strongly when it received suf-
ficient attention. Thus, it would appear that the inherent
salience of valence is not enough for it to get integrated with
and retrieve responses. When valence is an irrelevant fea-
ture, its integration with and later retrieval of the response is
stronger when attention is intentionally directed toward it,
so that it functions like any other feature. Indeed other stud-
ies have shown that valence processing might not be as
unconditional as has been assumed (e.g., Klauer & Musch,
2001, Exp. 3; Spruyt et al., 2009; Spruyt, Hermans, De
Houwer, & Eelen, 2002). In tasks in which valence was
not relevant, no evidence for affective priming has been
found (e.g., De Houwer, Hermans, Rothermund, &
Wentura, 2002; Hermans, Van den Broeck, & Eelen, 1998).

In conclusion, the results of the present experiments
suggest that attention plays a role in binding response-
irrelevant stimulus features. This is the case even within
a single stimulus to which spatial attention is given.
Response-irrelevant features that are allocated more atten-
tion due to an additional task are more likely to be inte-
grated (or are likely to be integrated more strongly) with
responses, and thus to retrieve them if repeated, than are
features that are not allocated attention.
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