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Abstract

When humans perform a task, it has been shown that elements of this task, like stimulus (e.g., target and distractor)
and response, are bound together into a common episodic representation called stimulus—response episode (or event file).
Recently, the context, a completely task-irrelevant stimulus, was found to be integrated into an episode as well. However,
instead of being bound directly with the response in a binary fashion, the context modulates the binary binding between the
distractor and response. This finding raises the questions of whether the context can also enter into a binary binding with the
response, and if so, what determines the way of its integration. In order to resolve these questions, saliency of the context
was manipulated in three experiments by changing the loudness (Experiment 1) and emotional valence (Experiment 2A
and 2B) of the context. All experiments implemented the four-alternative auditory negative priming paradigm introduced
by Mayr and Buchner (2006, Journal of Experimental Psychology: Human Perception and Performance, 32[4], 932-943).
Results showed that the integration of context changed as a function of its saliency level. Specifically, the context of low
saliency was not bound at all, the context of moderate saliency modulated the binary binding between the distractor and
response, whereas the context of high saliency entered into a binary binding with the response. The current results extend a
previous finding by Hommel (2004, Trends in Cognitive Sciences, 8[11], 494-500) that there is a saliency threshold which
determines whether a stimulus is bound or not, by suggesting that a second threshold determines the specific structure (i.e.,
binary vs. configural) of the resulting binding.
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While we perceive a given stimulus as a unit, features of
the stimulus (e.g., color and shape of an object or pitch and
loudness of a sound) are coded in a distributed fashion in the
brain (e.g., Seymour et al., 2009; Stecker et al., 2005). This
raises the so-called binding problem, which has stimulated
a long and still ongoing research interest (for reviews, see
Feldman, 2013; Treisman, 1996). Kahneman et al. (1992)
were among the first to investigate feature binding and pro-
posed that an episodic trace was formed to store the features
and their relations when processing a stimulus. Similarly,
it has been shown that stimuli and responses can also be
integrated into a common episodic representation called
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stimulus—response episode (or event file, for overviews,
see Hommel, 2004; also see the Binding and Retrieval in
Action Control [BRAC] framework; Frings et al., 2020). It
has been proposed that reencountering one of the elements
of an episode will retrieve the whole episode, which may
facilitate or impair responding, depending on whether the
retrieved episode is compatible with the current processing
demands or not.

Binding and retrieval of stimulus—response episodes is
assumed to be a general mechanism of human information
processing which underlies several empirical phenomena
(Frings et al., 2020), the one most relevant to the present
purpose is the negative priming effect. In a typical negative
priming task, participants need to respond to a target stimulus
and simultaneously ignore a distractor stimulus. When the
distractor stimulus of a first presentation (i.e., the prime)
reappears as the target in the following presentation (i.e., the
probe) in so-called ignored repetition trials, responses are
slowed down and sometimes more error prone as compared
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with trials without any stimulus repetition (so-called control
trials). The impaired responding in ignored repetition as
compared with control trials denotes the negative priming
effect (Neill, 1977; Tipper, 1985).l Based on the instance
theory of automatization (Logan, 1988), Neill and Valdes
(1992) proposed that by withholding a response to the
distractor stimulus in the prime, this stimulus is associated
with the so-called do-not-respond tag. When the stimulus is
repeated as the target in the probe, the do-not-respond tag
is retrieved and conflicts with the need to respond to this
stimulus in the probe, thus impairing the response speed
and/or accuracy.

Alternatively, and in line with BRAC framework of
binding and retrieval of stimulus—response episodes, the
executed prime response is bound with the other elements
of the prime trial (e.g., target and distractor stimuli). There-
fore, reencountering the prime distractor stimulus in the
probe will retrieve the prime episode, including the prime
response. This is exactly what Mayr and Buchner (2006)
found. In their experiment, the prime response was always
different from the correct probe response. This implies
that retrieving the prime response in ignored repetition
trials should impair probe responding, thereby leading to
the negative priming effect (for a similar explanation, see
Rothermund et al., 2005). Mayr and Buchner (2006) used
a four-alternative identification task, in which each stimu-
lus was assigned to a unique response key. This allowed
the authors to analyze the frequencies of the different probe
response types. Specifically, a probe response could be cat-
egorized as either a correct response, an erroneous response
with the key assigned to the probe distractor, an erroneous
execution of the prime response, or an erroneous response
with the remaining response option. Results showed an
increased probability of committing errors with the former
prime response in the ignored repetition as compared with
the control condition. Since only elements that were bound
together can be retrieved by the repetition of one of them,
the effective retrieval of the prime response by the repetition
of the prime distractor stimulus indicates that a binding was
formed between these elements. The increased probability of
committing prime response errors induced by the repetition
of the prime stimulus has been coined as the prime-response
retrieval effect, which is an unambiguous indicator of stimu-
lus—response binding (Frings et al., 2015; Mayr et al., 2018).

In the present article, we adopted the negative prim-
ing paradigm and the analysis of the prime-response
retrieval effect as a tool to investigate the mechanisms of

! Note that the negative priming effect is considered to be rooted in
multiple processes (for a review, see Frings et al., 2015), including an
inhibition mechanism (Tipper, 1985) as well as an episodic memory
process (Mayr & Buchner, 2006; Neill & Valdes, 1992). For the pur-
poses of the present paper, we exclusively focus on the latter.
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stimulus—response binding with respect to the role of context
in the integration of stimulus—response episodes.

The role of context in binding and retrieval
of stimulus-response episodes

Context can act as an effective retrieval cue. For example,
there is consistent evidence from the memory literature show-
ing that the similarity of contextual information between
the encoding and testing phases favors successful retrieval
(for a review, see Smith & Vela, 2001). Given that stimu-
lus—response episodes are stored in memory and are retrieved
from memory, the context may also play an important role
in the binding and retrieval of stimulus—response episodes.
For instance, Frings and Rothermund (2017) tested the inte-
gration of contextual visual features (e.g., color) using the
distractor-response binding paradigm, examining the effect
of the relationship between distractor repetition and response
repetition on performance. In accordance with the rules of fig-
ure—ground segmentation (for a review, see Wagemans et al.,
2012), they found that features belonging to the figure region
(e.g., a confined area on the screen) were bound with the
response whereas features belonging to the background did
not result in measurable stimulus—response binding effects.

In a recent negative priming study of Mayr et al. (2018),
the integration of context into stimulus—response episodes
was investigated by means of the before-mentioned four-
alternative identification task in the auditory modality (Mayr
& Buchner, 2006). The context was a sine tone that was
presented together with pairs of task-relevant stimuli (i.e.,
target and distractor sounds), but it was completely task-
irrelevant (i.e., in contrast to targets and distractors, con-
text stimuli were not assigned to a response throughout the
experiment). The context tone could be repeated or changed
between prime and probe presentations. Results showed
no significant prime-response retrieval effect induced by
context repetition per se. However, when the context was
repeated, the prime-response retrieval effect induced by the
repetition of the prime distractor stimulus was significantly
larger than when the context was changed (for a similar find-
ing for the distractor-response binding effect with task selec-
tion criterion as context, please see Frings et al., 2017). The
combined pattern of results—no prime-response retrieval
effect induced by context repetition alone on the one hand,
and contextual modulation of the prime-response retrieval
effect induced by the repetition of the prime distractor stimu-
lus on the other hand—suggests that the context is not bound
directly with the response, but that it enters into some kind
of higher-order binding with the distractor stimulus and the
response (Hommel, 1998).

Evidence of binding among context, stimulus, and
response as found by Mayr et al. (2018) fits well into the
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binding structures proposed by Moeller et al. (2016). The
latter authors distinguished between a unitary structure inte-
grating an individual feature and the response (a so-called
binary binding) and an integration among several features and
the response, referred to as configural binding. Accordingly,
the integration of context found in Mayr et al. (2018) can be
categorized as a configural binding—that is, the context and
distractor form a compound which is bound with the response.
Mayr et al. (2018) replicated the evidence of configural bind-
ing of the context in a second experiment. However, it remains
an open question whether context is limited to be involved in
configural binding structures or it can also enter into a binary
binding with the response. The main purpose of the current
study was to investigate whether context can be part of dif-
ferent binding structures (either binary or configural) and to
pinpoint a factor that determines its binding structure.

Evidence from learning research: The role
of context saliency

The impact of context on behavior has been intensively
investigated in the learning literature. Interestingly, contex-
tual information also plays various roles in learned behav-
ior (for reviews, see Bouton, 2010; Bouton & Todd, 2014,
Pearce & Bouton, 2001). In some cases, the context directly
elicits behavior in a similar way as other stimuli. For exam-
ple, rats established a contextual fear (indicated by behavior
like freezing or avoidance) of the Skinner box or chamber
where they were shocked (e.g., Bouton, 1984; Fanselow,
1980). In other cases, the context modulates the association
between stimulus and behavior. For example, exposure to
the same context where the rats were shocked augmented
the rats’ fear of the conditioned stimulus after the extinction
manipulation (e.g., Bouton, 1984; Bouton & King, 1986).
Saliency has been proposed as one factor that determines
the role of context in learning (Bouton, 2010). Saliency is a
stimulus property that reveals how conspicuous the stimu-
lus is when compared with its surroundings (Kayser et al.,
2005). Evidence shows that stimuli of relatively low sali-
ency rather modulate learned associations than directly elicit
behavior, whereas highly salient stimuli tend to be directly
associated with the behavior (e.g., Goddard & Holland,
1996; Holland, 1989; Holland & Haas, 1993).

Saliency also plays a role in binding and retrieval of stim-
ulus—response episodes. For example, the level of saliency
was found to determine whether a stimulus is integrated into
a stimulus—response episode or not (Dutzi & Hommel, 2009;
Hommel, 2004). Moreover, Moeller et al. (2016) found that
distinguishable features were involved in binary bindings
with a response, whereas features that were hard to sepa-
rate from each other were involved in configural bindings.
If saliency increases the distinguishability of a feature, it

is possible that features of higher saliency are more likely
to be directly bound with a response. In contrast, less sali-
ent features may be more likely to be involved in configural
bindings or even not integrated into a stimulus—response
episode at all. With respect to auditory perception, loud-
ness was found to be positively correlated with the perceived
saliency level (Kayser et al., 2005). In Mayr et al. (2018), the
saliency of the context might have led to a configural binding
because the context tones were approximately as loud as the
target and distractor sound pair. Presumably, these context
tones were not perceived as of high saliency, and thus the
context only modulated the binding between distractor and
response instead of being directly bound with the response.
The present study aimed to test whether saliency influences
the binding of contextual information, and to specify under
which saliency conditions the context (1) is not at all inte-
grated into a stimulus—response episode, (2) is involved in
a configural binding, or (3) is involved in a binary binding.

The current study

The current study adopted the paradigm used by Mayr et al.
(2018) and manipulated the saliency level of the context.
In Experiment 1, saliency was manipulated by changing
the loudness of context tones. Specifically, context tones
were softer than the sound pair in the low-saliency condi-
tion, they were approximately as loud as the sound pair in
the moderate-saliency condition, and they were louder than
the sound pair in the high-saliency condition. In addition to
perceptual properties, information carried by a stimulus can
also influence its saliency (e.g., endowing the stimulus with
different identity relevance can change the social saliency;
Sui et al., 2012). Therefore, in Experiment 2A, which served
as a conceptual replication of Experiment 1, emotionally
neutral and negative information (in other words, emotional
valence) was used to manipulate the saliency of the contex-
tual stimulus. To further confirm the reliability of the find-
ings in Experiment 2A, Experiment 2B was conducted as a
full replication of Experiment 2A.

If saliency modulates the integration of context, low-
saliency contexts, even if easily perceivable, may not be
integrated at all (Hommel, 2004). Thus, repeating the low-
saliency contexts should neither retrieve the prime response
directly nor facilitate the retrieval of the prime response
induced by the repetition of the prime distractor stimulus. As
for moderate-saliency contexts, a replication of the findings
by Mayr et al. (2018) is expected: The contextual stimulus
should be involved in a configural binding—that is, a larger
prime-response retrieval effect induced by the repetition of
the prime distractor stimulus should be found when the con-
text is also repeated than when it is changed. High-saliency
contexts, on the other hand, may be bound directly with the
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response. This binary binding should be indicated by a sig-
nificant prime-response retrieval effect due to the repetition
of the context per se.

Experiment 1

Method
Participants

Of the 134 participants who took part in the experiment,
data of 28 participants had to be excluded. Of the excluded
participants, 24 were tested on a computer with an incor-
rectly set system volume, and three quit due to keyboard
malfunction. The remaining four participants had excessive
error rates (>.50) in the ignored repetition and control condi-
tions (as compared with an average error rate of around .09),
suggesting either inability or unwillingness to follow the
instructions. The resulting sample consisted of 106 adults
(84 females), most of whom were students at the University
of Passau. They ranged in age from 18 to 32 years (M =
22, SD = 2.56). Participants either were paid 12 euros or
received course credit for their participation. This and the
following experiment were conducted in accordance with the
ethical guidelines of the German Psychological Association
(DGPs) and the Professional Association of German Psy-
chologists (Deutsche Gesellschaft fiir Psychologie, 2016)
and with the 1964 Declaration of Helsinki.

Materials

Four 300-ms environmental sounds (frog, piano, drum,
and bell) were used as stimuli. Participants heard sounds
via headphones (DT110, Beyerdynamic GmbH & Co. KG,
Heilbronn, Germany) that were plugged directly into the
computer that controlled the experiment. All sounds had an
average loudness of approximately 71 dB(A) SPL. Loudness
was measured using the NIOSH (2016) app on a cellphone
(iPhone 8, Apple Inc., Cupertino, CA, USA) equipped with
an external microphone (iMM-6 iDevice Calibrated Measure-
ment Microphone, Dayton Audio, Springboro, USA) while
the sounds were played at one side of the headphone. Live-
Code (LiveCode 9.5, Runtime Revolution Ltd., Edinburgh,
Scotland) was used to program and run the experiment.

In each presentation, a 20-ms metronome click was first
played either to the left ear or right ear, indicating the side
the participants should pay attention to. After a 500-ms
interval, the to-be-attended sound (i.e., target) was played
on this side, and a to-be-ignored sound (i.e., distractor)
was played simultaneously on the other side. Participants
were required to respond to the target sound by pressing an
assigned response key, and to ignore the distractor sound.
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The response keys were four vertically aligned keys (““9,”
“6,” “3,” “.’) on the number pad of a keyboard, assigned to
the sounds of “frog”, “piano”, “drum”, and “bell”, respec-
tively. Half of the participants were instructed to use their
middle and index fingers of their right hands to press the
two distal keys, and the middle and index fingers of their left
hands to press the two proximal keys. This arrangement was
reversed for the remaining participants.

A context tone was played together with the sound pair.
The context was a sine tone of either 300 Hz or 700 Hz,
also lasting for 300 ms (including 10-ms attack and decay
intervals). Context tones were easily discernable not only
from the stimulus sounds, but also from each other. Context
tones were played simultaneously to both ears creating the
impression to come from a central location. The saliency
level of context tones was classified as low, moderate, or
high, depending on their loudness. In the low-saliency con-
dition, the context tones were softer than the sound pair but
still audible (approximately 58 dB(A) SPL); in the mod-
erate-saliency condition, the tones were approximately as
loud as the sound pair (about 72 dB(A) SPL); in the high-
saliency condition, the tones were louder than the sound
pair (approximately 76 dB(A) SPL). When added to the
sound pair presentation, context tones of low saliency only
slightly increased the overall loudness (approximately 0.5
dB(A) SPL), the moderately salient context tones increased
the overall loudness somewhat more (<2 dB(A) SPL), the
context tones of high saliency clearly increased the overall
loudness (approximately 7 dB(A) SPL).

To make sure the context of low saliency was audible,
and contexts of different saliency levels were distinguish-
able, two auditory tests were conducted with 16 new partici-
pants (13 females). Note that these tests were conducted in
retrospect (i.e., after the experiments were finished). These
participants were students and employees of the University
of Passau, ranging in age from 19 to 40 years (M = 23.88,
SD = 6.06). In the first auditory test, participants listened
to a random sequence of trials consisting of either sound
pairs without context or sound pairs combined with the low-
saliency context. They were required to categorize the trials
by an appropriate keypress (key H for sound pair without
context, key J for sound pair with context). The one-sample
t test of the sensitivity parameter d’ (M = 2.20) revealed that
it was significantly different from zero, #(15) = 7.52, p <
.001, which means that the participants could easily detect
the context of low saliency. In the second auditory test, par-
ticipants listened to a random sequence of trials consisting
of sound pairs with context of all three saliency levels and
were asked to categorize them via keypress (key H for low
saliency, key J for moderate saliency, and key K for high
saliency). When calculating the hit and false-alarm rate for
the comparison between the context of low and moderate
saliency, the incorrect responses of categorizing the context
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Table 1 Examples of stimulus configurations of different trial types for Experiments 1, 2A, and 2B

Ignored repetition Control Attended repetition Attended repetition control
Attended ear Ignored ear Attended ear Ignored ear Attended ear Ignored ear Attended ear Ignored ear
Prime Frog Piano Frog Bell Piano Bell Frog Bell
Probe Piano Drum Piano Drum Piano Drum Piano Drum

of low or moderate saliency as being highly salient were
excluded (around 4% of the trials for the former, around
18% of the trials for the latter). Similarly, in the comparison
between the context of moderate saliency and high saliency,
the incorrect responses of categorizing the moderately or
highly salient context as being low salient were excluded
(around 16% of the trials for the former, around 1% of the
trials for the latter). The one-sample ¢ test showed that both
d' parameters (between low and moderate saliency, M =
1.24; between moderate and high saliency, M = 2.42) were
significantly different from zero, ts > 7.81, ps < .001. Thus,
participants could easily distinguish the contexts of different
saliency levels.

Each trial comprised a prime presentation and a probe
presentation. To create ignored repetition trials, three out
of the four sounds were selected as target and distractor in
the prime and probe presentations, with the restriction that
the prime distractor was identical to the probe target (see
Table 1). The parallel control trial for each ignored repeti-
tion trial was constructed by replacing the prime distractor
with the remaining fourth sound. To prevent participants
from anticipating response changes between prime and
probe, we added attended repetition trials and their control
counterparts. In attended repetition trials, three out of the
four sounds were selected as target and distractor, with the
restriction that the prime target was identical to the probe
target. The parallel control trials were constructed by replac-
ing the prime target with the remaining fourth sound. Since
no hypothesis was made for attended repetition trials and
their control counterparts, results of them are not reported
here.

The basic set of experimental trials contained 48 tri-
als, with 12 trials for each of the four trial types described
above.? The basic set was implemented four times: (1) with

2 By generating the ignored repetition and attended repetition trials
in the described way, each control trial would have occurred twice,
once as a control for an ignored repetition trial and once as a control
for an attended repetition trial. To avoid this confounding, the ignored
repetition and attended repetition trials and their respective control
trials were systematically assigned to two basic sets (referred to as Set
1 and Set 2). In each basic set, none of the control trials was repeated.
Participants were randomly assigned to one of these two basic sets.
For more details of Set 1 and Set 2, please see Mayr and Buchner
(2006).

a 300-Hz context tone in both prime and probe presenta-
tions; (2) with a 700-Hz context tone in both prime and
probe presentations; (3) with a 300-Hz context tone in the
prime presentation and a 700-Hz context tone in the probe
presentation; (4) with a 700-Hz context tone in the prime
presentation and a 300-Hz context tone in the probe presen-
tation. Note that Combinations 1 and 2 will be referred to as
“context-repeated trials,” whereas Combinations 3 and 4 will
be referred to as “context-changed trials.” This 192-trial set
was repeated three times as there were three different sali-
ency conditions, resulting in 576 trials in total. These 576
trials were presented in a random sequence in the experi-
ment. For each trial, it was randomly decided on which side
the prime target would be presented; the probe target would
always be presented on the other side.

Procedure

Participants were familiarized with the experimental sounds
and introduced to the task, followed by three training ses-
sions. In the first training, presentations consisted of tar-
get and distractor pairs without context tones. Participants
had to identify the target sound via key press. Participants
had to achieve an accuracy of at least 60% in the preceding
15 training trials to pass the training. If the criterion was
missed after 60 trials, participants were offered to quit or
to repeat the training. In the second training, sound pairs
were presented together with context tones. Participants
were instructed that the context tones were task irrelevant
and they should focus on the task itself. The criterion of
the second training was identical to that of the first one. In
the final training, participants responded to six prime—probe
sound pair presentations. The timing of these final training
trials was identical to the timing of the experimental trials.

An experimental trial started with a 20-ms metronome
click, indicating the to-be-attended side. The prime presen-
tation followed the click after a 500-ms cue—target interval.
After the prime response, a 500-ms prime—probe interval
elapsed, after which, the probe cue was presented on the
opposite side of the prime cue. Following the cue—target
interval, the probe sound pair was presented. Audio-visual
feedback about the correctness of the prime and probe
responses was given after each trial, followed by a 1,200-ms
intertrial interval. Responses faster than 100 ms and slower
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than 3,000 ms were excluded from the analysis, and partici-
pants got warning messages.

The whole experiment comprised 24 blocks with 24
experimental trials in each block. After each block, feed-
back regarding error rate was presented. Participants were
offered rest, and they could start the next block at their own
discretion by pressing one of the response keys. The testing
lasted for 75-90 minutes.

Design and analysis

The experiment comprised a 2 X 2 X 3 within-subjects
design, with trial type (ignored repetition vs. control), con-
text relation (repeated vs. changed), and context saliency
(low vs. moderate vs. high) as independent variables. Apart
from averaged reaction times and probe error rates, the probe
response frequencies were analyzed.

The multinomial processing tree (MPT) model introduced
by Mayr and Buchner (2006) was used to estimate and com-
pare the probability of the prime-response retrieval process for
the different experimental conditions (see Hu & Batchelder,
1994, for a general introduction to multinomial processing
tree modeling). This so-called baseline model (see Fig. 1)
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Fig. 1 The baseline multinomial processing tree model for analyzing
the probe response in ignored repetition and control trials
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describes the occurrence of probe responses in the four-alter-
native identification task as a result of different processes.
Correct identification of the probe target (with probability ci*)
leads to a correct probe response. With probability 1 — ci, an
erroneous response will occur, either for the probe distractor
(with conditional probability psc) or, alternatively, with the
former prime response key (with conditional probability prr).
Finally, if prime-response retrieval does not take place (with
conditional probability 1 — prr) an erroneous response with
the remaining fourth response option is given.

The multinomial model allows for probability estimates
and hypothesis testing. The stimulus—response binding
and retrieval account predicts that the probability of prime
response retrieval (i.e., prr) is larger when a stimulus is
repeated than when it is changed. Accordingly, the probabil-
ity of the prr parameter should be larger in ignored repetition
trials (prrig) than in control trials (prr¢). This prediction
was tested for each of the 2 X 3 (Context Relation X Context
Saliency) conditions by calculating the goodness-of-fit of a
model with the restriction of equal prr parameters between
the ignored repetition and control conditions (i.e., prrjg =
prre). A significant misfit of this restricted model to the
empirical data will be evidence for the occurrence of the
prime-response retrieval mechanism induced by the repeti-
tion of the prime distractor stimulus.

Moreover, we tested whether the context was integrated
into stimulus—response episodes and how context saliency
influenced the type of context integration (see Fig. 2 for
prototypical result patterns of each type of context integra-
tion). This was done in two steps: First, we tested for the
presence of a binary binding between context and response
and, second, for the presence of a configural binding among
context, distractor stimulus, and response. A binary bind-
ing between context and response would be indicated by a
significant prime-response retrieval effect induced by the
repetition of the context per se. Therefore, for each of the
three saliency conditions, the processing trees of the context-
repeated and the context-changed conditions were integrated
into one model (i.e., the joint model) and the goodness-of-fit
of this joint model with the restriction of equal prr param-
eters between the context-repeated and the context-changed
conditions was tested.

Next, the presence of a configural binding among con-
text, distractor stimulus, and response was analyzed for each
level of context saliency. Evidence for a configural bind-
ing is demonstrated if the prime-response retrieval effect
induced by the repetition of the prime distractor stimulus is
larger in the context-repeated than in the context-changed

3 For the abbreviation of each parameter, ¢i means correct identifica-
tion, psc means probe stimulus confusion, prr means prime-response
retrieval.
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Fig.2 Example of prototypical result patterns for each type of con-
text integration. Note. The prr parameter represents the retrieval of
the prime response induced by the repetition of stimuli (the distrac-
tor and/or the context). The pattern on the left depicts the situation
when retrieval of the prime response is not influenced by repetition
of the context per se nor by repetition of the distractor and context
combination, indicating that the context is not integrated into a stimu-
lus-response episode. The pattern in the middle depicts the situa-

condition. This corresponds to an interaction effect between
the factors context relation and trial type. The interaction
analysis in MPT modeling requires reparameterization of
the joint model (see Knapp & Batchelder, 2004, for details
of reparameterization methods of MPT models, and please
see the Appendix for detailed description of the reparam-
eterized model and the interaction analysis used in the
current study). In the reparametrized model, the prime-
response retrieval effect induced by the repetition of the
prime distractor stimulus can be represented by the differ-
ence between prry and prr parameters (i.e., prrg — prre).
All MPT analyses were run with the multiTree software
(Moshagen, 2010).

With respect to statistical power considerations, the con-
textual modulation of the prime-response retrieval effect was
of central interest. The difference in the size of the prime-
response retrieval effect induced by the repetition of the
prime distractor stimulus between context-repeated and con-
text-changed trials found in Mayr et al. (2018) was relatively
small (o = .03). To detect the contextual modulation of a
similar size within each context-saliency condition, given
desired levels of a = .05 and 1 — B = .80, approximately
8,721 trials in total were required for the model analysis.
Since each participant maximally contributed 96 trials, that
is, 24 trials for each 2 X 2 (Trial Type X Context Relation)
condition, data had to be collected from 91 participants. We
were able to collect usable data from 106 participants (i.e.,
10,176 trials); thus, the power was slightly larger than what

tion when the repetition of the context per se does not improve the
retrieval of the prime response, but boosts distractor-induced prime-
response retrieval, indicating that the context is involved in a configu-
ral binding with the prime distractor stimulus and the response. The
pattern on the right depicts the situation when the repetition of the
context per se improves the retrieval of the prime response, but does
not facilitate distractor-induced prime-response retrieval, indicating
that the context is involved in a binary binding with the response

we had planned for (1 — f = .86). Note that in Experiment 1,
2A and 2B, p values for multiple comparisons were reported
after Bonferroni-Holm correction (Holm, 1979). All sample
size calculations were conducted using the G*Power pro-
gram (Faul et al., 2009).

Results
Analyses of reaction times and overall error rates

A 2 (trial type: ignored repetition vs. control) X 2 (context
relation: repeated vs. changed) X 3 (context saliency: low
vs. moderate vs. high) repeated-measures multivariate anal-
ysis of variance (MANOVA) was applied to reaction times
(see Table 2 for the main statistical results as well as Fig. 3
for an overview of the descriptive findings). The statistical
analysis revealed a significant main effect of trial type, F(1,
105) = 62.60, p < .001, np2 = .37. Probe responses were
slower in the ignored repetition (Myr = 990 ms) than in the
control condition (Mg = 948 ms), showing a significant
negative priming effect in reaction times. There was also
a significant main effect of context saliency, F(2, 104) =
42.20, p < .001, np2 = .45. Probe responses were slower
when context saliency was high (Myy = 1,008 ms) than
when it was moderate (Mg = 953 ms), F(1, 105) = 85.21,
p < .001, np2 = .45, and low (M = 946 ms), F(1, 105) =
28.55, p < .001, np2 = .21. The difference of reaction times
between the moderate-saliency and low-saliency conditions
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Table 2 Statistical analysis results of reaction times and error rate of Experiment 1

Experiment Repeated-measure MANOVA analysis Results
Reaction Times Error Rate
F p n, F P Ny
Experiment 1 Main Effect Trial Type 62.60 <.001 37 39.91 <.001 .28
Context Relation 0.31 .58 <.01 12.53 <.01 11
Context Saliency 42.20 <.001 45 11.73 <.001 18

Pair-wise Comparison (Context saliency)

Low vs. Moderate 0.69 >.99 .01 0.13 >.99 <.01
Moderate vs. High
Low vs. High

85.21
28.55

<.001 45
<.001 21

23.40 <.001 18
11.23 <.01 .10

was not significant, F(1, 105) = 0.69, p > .99, np2 = .01.
Potentially, these results indicate that it was more difficult
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Fig.3 Reaction times (upper panel) and error rate (lower panel) as
function of trial type, context relation, and context saliency in Experi-
ment 1. Note. The error bars depict the standard errors of the means
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to identify or to focus on the task-relevant stimuli when the
context was of high saliency. None of the other main or
interaction effects was significant, all F's < 2.46, ps > .09.

The same MANOVA on error rates revealed a signifi-
cant main effect of trial type, F(1, 105) = 39.91, p < .001,
np2 = .28, with higher error rates in the ignored repetition
(M ¢1or rate = -10) than in the control condition (Mo, jate =
.07). In other words, there was a significant negative prim-
ing effect in error rates. The main effect of context relation
was also significant, F(1, 105) = 12.53, p < .01, nP2 =.11,
showing that repetition of context in the probe presentation
increased the probe error rates (for the context-repeated con-
dition M, ;,o; rae = -10; for the context-changed condition,
M 1or rare = -08). Furthermore, there was a significant main
effect of context saliency, F(2, 104) = 11.73, p < .001, np2 =
.18. The results pattern resembles that of the reaction times,
specifically, the error rates were higher when context sali-
ency was high (M, rae = -11) than when it was moderate
(M oror rare = -08), F(1, 105) = 23.40, p < .001, np2 =.18, and
when it was low (M.;.o; rae = -08), F(1, 105) = 11.23, p <
.01, np2 =.10; whereas the difference in error rates between
the moderate-saliency and low-saliency conditions was not
significant, F(1, 105) =0.13, p > .99, nP2 < .01. This pattern
of results suggests that it might be more difficult to identify
or to focus on the task-relevant stimuli when the context
saliency was high. None of the interaction effects was sig-
nificant, all F's < 2.52, ps > .11.

Multinomial analysis of categorial response frequencies

The estimated prime-response retrieval parameters prrig
and prr for all conditions are depicted in Fig. 4. Statisti-
cal results are summarized in Table 3. The goodness-of-
fit tests of the baseline model with the restriction prry =
prr¢ for each of the 2 X 3 (Context Relation x Context Sali-
ency) conditions revealed that the restricted model had to
be rejected for each context-relation condition, regardless
of the saliency level, G%s > 6.83, ps < .01, ws > .03. These
results demonstrate clear evidence that the repetition of the
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Fig.4 Probability estimates for the model parameters representing
the probability of prime-response retrieval (prr) as a function of trial
type, context relation, and context saliency in Experiment 1. Note.
The error bars depict the standard errors of the means. Annotation

Table 3 MPT model analysis results of Experiment 1

shows significant comparisons indicating configural binding of the
context. The symbols “*” and “***” indicate p < .05 and p < .001,
respectively

Model Restriction Goodness-of-fit test results
Low-saliency Moderate-saliency High-saliency
GX(1) I4 o G*(1) P ® GX(1) 14 ®
Baseline DPIrRy = Pric 13.39 <.001 .05 31.68 <.001 .08 25.15 <.001 .07
DITiRy = PITcy 13.70 <.001 .05 9.10 <.01 .04 6.84 <.01 .04
PITe; = Pricy 1.38 24 .01 0.50 48 .01 2.56 A1 .02
Reparametrized DIfgy — Doy = 0.67 41 .01 5.63 .02 .02 12.56 <.001 .04

PriRy — Py

Note. In the restriction equation of each model, 1 means context repetition, 2 means context change

prime distractor stimulus induced the retrieval of the prime
response, which indicates that a binary binding was formed
between the prime distractor stimulus and the response.

To investigate whether the repetition of context per se
induced retrieval of the prime response (indicating evi-
dence for binary binding between the context and the prime
response), the prr parameters were then compared between
the context-repeated and context-changed conditions when
the saliency was low, moderate, and high, respectively. With
the restriction of equivalence of the prr parameters between
the context-repeated and context-changed conditions, the
model fit the data in the low-saliency condition, GX1) =
1.38, p = .24, ® = .01, and in the moderate-saliency condi-
tion, G2(1) = 0.50, p = .48, ® = .01. In the high-saliency
condition, however, the misfit approached marginal signifi-
cance, G2(1) =2.56, p =.11, ® = .02. These results indicate

that there was no evidence for binary binding between the
context and the prime response when context saliency was
low or moderate. When context saliency was high, there was
a tendency of binary binding formation.

We then tested whether the retrieval of the prime response
induced by the repetition of the prime distractor stimulus
was larger for context-repeated than for context-changed tri-
als (indicating evidence for configural binding among con-
text, distractor, and response) under each context-saliency
condition. In the interaction analysis, the abovementioned
reparametrized model was used (see Appendix). With the
restriction of equivalence of the prime-response retrieval
effect induced by the repetition of the prime distractor stimu-
lus (i.e., prrg — prr¢) between context-repeated and context-
changed trials, the goodness-of-fit tests showed a significant
misfit in the moderate-saliency condition, G2(1) =5.63,p
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= .02, » = .02, and in the high-saliency conditions, G2(1) =
12.56, p < .001, o = .04, but not in the low-saliency condi-
tion, Gz(l) =0.67, p = .41, ® = .01. Together, the results
indicated that the context of moderate or high saliency was
involved in a configural binding with the prime distractor
stimulus and the prime response, whereas the context of low
saliency was not.

Discussion

The results showed that the saliency of the context is a cru-
cial determinant in stimulus—response binding. Although a
low saliency context was easily perceived (as the additional
auditory test revealed), the repetition of this context per se
neither led to an increase in prime response errors nor to a
larger prime-response retrieval effect induced by the repeti-
tion of the prime distractor stimulus. However, the repetition
of a moderately salient context significantly increased the
prime-response retrieval effect induced by the repetition of
the prime distractor stimulus, as compared with the condi-
tion without context repetition; but the moderate-saliency
context itself did not lead to an increase of errors with the
former prime response. As for the high-saliency condition,
there was a tendency of a prime-response retrieval effect
induced by the repetition of context information alone;
and similar to the moderate-saliency condition, the context
repetition significantly boosted the commission of prime-
response errors due to the repetition of the prime distractor
stimulus.

Together, the pattern of results indicates that saliency
modulates the integration of context in a stimulus—response
episode. Specifically, the results suggest that the context of
low saliency was not integrated at all, and that the context
of moderate saliency was involved in a configural binding.
The context of high saliency, however, tended to be directly
bound with the response. The fact that we only found a ten-
dency of binary binding in the high-saliency condition may
be due to insufficient context saliency. Possibly, the context
was not loud enough to reach a sufficiently high-saliency
level to enter into a binary binding. We did not want to
exceed 80 dB(A) SPL for the overall sound compound due
to ethical reasons. In order to conceptually replicate Experi-
ment 1, saliency was manipulated differently in Experiment
2A and 2B—namely, by changing the value of the informa-
tion carried by the context.

Experiment 2A

It has been consistently found that stimuli carrying emo-
tional (especially negative or unpleasant) information are
more salient than those containing neutral or nonemo-
tional information (e.g., Biggs et al., 2012; Niu et al., 2012;
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Ogawa & Suzuki, 2004). Therefore, Experiments 2A and
2B employed spoken vowels with either no (i.e., neutral) or
a negative emotional pronunciation. Context sounds were
as loud as the sound pair to keep the loudness-driven sali-
ency constant between conditions. Given the comparable
loudness, sounds without emotional pronunciation were con-
sidered to be as salient as the sound pair, comparable with
the moderate saliency condition in Experiment 1. Therefore,
the neutral context sounds were categorized as of moderate
saliency. Due to their emotional information, the negative
context sounds were considered more salient than the sound
pair—thus, they were categorized as of high saliency. We
expected that the context of high saliency should be bound
directly with the response (i.e., binary binding), whereas the
context of moderate saliency should be involved in a con-
figural binding, as found for the moderate saliency condition
in Experiment 1.

Method
Participants

One hundred and fifty English-speaking participants (71
females) were recruited for the current experiment using
Prolific (https://www.prolific.co) for online data collection.
None of them reported suffering from any kind of hearing
problems. Data sets of seven participants had to be rejected
because of excessive error frequencies (>.50) in ignored rep-
etition and control conditions (as compared with the average
of .18), which suggested either inability to perform the task
or unwillingness to follow the instructions. Data from the
remaining 143 participants entered the analysis. Their age
ranged from 18 to 47 years (M = 29, SD = 7.04). Partici-
pants received 3.30 pounds for their participation.

Materials, task, and procedure

Materials, task and procedure were identical to those in
Experiment 1 with the following exceptions. Four context
sounds (i.e., the vowel “a” pronounced in an angry way as
well as the vowel “e” pronounced in a disgusted manner
and their neutral counterparts) were recorded from a female
speaker using an iPhone 8 cellphone. The sounds were cut
to a length of 300 ms and set to the same loudness. We also
ran an auditory test to make sure the emotional and neutral
context sounds were distinguishable. Participants who took
part in the auditory test for Experiment 1 participated in
this test, too. They listened to a random sequence of trials
consisting of sound pairs with either the emotional context
or the neutral context and were required to categorize the
contexts as being emotional or neutral by pressing an appro-
priate key (key F for neutral, key J for emotional). The one-
sample ¢ test showed that the d’ parameter (M = 3.20) was
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Fig.5 Reaction times (upper panel) and error rate (lower panel) as function of trial type, context relation, and context saliency in Experiment 2A
and 2B. Note. The error bars depict the standard errors of the means

Table 4 Statistical analysis results of reaction times and error rate of Experiments 2A and 2B

Experiment Repeated-measure MANOVA analysis Results
Reaction Times Error Rate
F p n,’ F p n,’
Experiment 2A Main Effect Trial Type 84.85 <.001 37 70.34 <.001 .33
Context Relation 0.96 .33 .01 5.46 .02 .04
Context Saliency 0.62 43 <.01 1.20 28 .01
Experiment 2B Main Effect Trial Type 115.65 <.001 44 52.85 <.001 27
Context Relation 1.98 .16 .01 3.88 .05 .03
Context Saliency 0.21 .65 <.01 0.35 .55 <.01
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significantly different from zero, #(15) = 4.94, p < .001.
Therefore, participants could easily distinguish between the
emotional and neutral context sounds.

The four stimulus sounds were assigned to four basic
keyboard keys, with “frog,” “piano,” “drum,” and “bell”
assigned to keys F, V, J, and N, respectively. Participants
were instructed to respond to the frog and the piano sounds
using their middle and index fingers of the left hands, and to
respond to the drum and the bell sounds using their middle
and index fingers of the right hands.

To shorten the experiment for online data collection, the
original 48 trials in the basic set were reduced to 32 trials,
with the restriction that stimuli occurred equally often. The
basic set was repeated four times (two times in the context-
repeated condition and two times in the context-changed
condition), resulting in a set of 128 trials. These 128 trials
were duplicated (once for each of the two saliency condi-
tions), thus there were 256 trials in total, which were pre-
sented in a random sequence.

The experiment was programmed using PsychoPy3 (Pei-
rce et al., 2019), and was hosted on the Pavlovia platform
(https://pavlovia.org). Participants from Prolific received an
invitation to the experiment and were linked to Pavlovia.
Participants were first instructed to use a headphone and to
adjust the loudness to a comfortable level. After being intro-
duced to the task, participants were familiarized with the
four stimulus sounds. The training sessions were similar to
those in Experiment 1, but the criterion to pass each training
was set to 42% correct in 12 trials to reduce the overall task
duration. Timing of the experimental trial was identical to
Experiment 1, with the exception that the intertrial interval
was prolonged to 2,000 ms. The experiment comprised 16
blocks with 16 experimental trials in each, and it took 30 to
45 minutes to finish.

Design and analysis

Experiment 2A comprised a 2 X 2 X 2 within-subjects
design, with trial type (ignored repetition vs. control), con-
text relation (repeated vs. changed), and context saliency
(moderate vs. high) as independent variables. Dependent
variables were averaged reaction times, overall probe error
rates, and, most importantly, probe response frequencies.
The analysis of the categorical response frequencies fol-
lowed the same rationale as in Experiment 1.

The current experiment contained fewer trials in each of
the 2 X 2 X 2 (Trial Type X Context Relation X Context
Saliency) conditions as compared with Experiment 1 (i.e.,
16 trials vs. 24 trials). Sample-size calculations followed the
rationale of Experiment 1: To detect the contextual modula-
tion of a similar effect size (i.e., ® = .03), given desired lev-
els of a = .05 and 1 — 3 = .80, probe response data had to be
collected from 136 participants. The final sample comprised
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143 participants (i.e., 9,152 trials), so the power was slightly
larger (.82) than originally planned for.

Results
Analysis of reaction times and overall error rates

A 2 (trial type: ignored repetition vs. control) X 2 (context
relation: repeated vs. changed) X 2 (context saliency: moder-
ate vs. high) repeated-measures MANOVA was applied to
reaction times (see Table 4 for the main statistical results as
well as Fig. 5 for an overview of the descriptive finding).
The main effect of trial type was significant, F(1, 142) =
84.85, p <.001, np2 = .37; the probe responses were slower
in ignored repetition trials (Mg = 963 ms) than in control
trials (Mzr = 878 ms), revealing a significant negative prim-
ing effect in reaction times. However, neither context rela-
tion nor context saliency affected reaction times—for the
former, F(1, 142) = 0.96, p = .33, nP2 = .01, for the latter,
F(1,142) =0.62, p = .43, npz < .01. None of the interaction
effects was significant, all Fs < 0.35, ps > .55.

The same MANOVA on error rates revealed a significant
main effect of trial type as well, F(1, 142) = 70.34, p <
.001, np2 = .33; probe responding in ignored repetition trials
(M pror rate = -23) comprised more errors than that in control
trials (M or raie = -16), showing a negative priming effect in
error rates. The main effect of context relation was signifi-
cant, F(1,142) =5.46,p = .02, np2 = .04, with a higher error
rate when context was repeated (Mo, rare = -20) than when it
was changed (Mo, rae = -19), which replicates the findings
in Experiment 1. The main effect of context saliency was not
significant, F(1, 142) = 1.20, p = .28, np2 = .01. None of the
interaction effects reached the significance level, either—all
Fs <292, ps > .08.

Multinomial analysis of categorical response frequencies

Estimated prr parameters are depicted in Fig. 6. Statisti-
cal results are summarized in Table 5. First, it was tested
whether the repetition of the prime distractor stimulus
induced the retrieval of the prime response, suggesting that
a binary binding between prime distractor and response
had been formed. Results of the goodness-of-fit tests of the
baseline model with the restriction prriy = prr showed evi-
dence for the binary binding between prime distractor and
response when context saliency was high, no matter whether
the context was repeated, G*(1) = 4.40, p = .04, ® = .03,
or changed, Gz(l) =6.25, p = .01, » = .04. However, when
context saliency was moderate, increased retrieval of the
prime response due to repetition of the prime distractor stim-
ulus was only found in the context-repeated condition, G*(1)
=4.53, p = .03, ® = .03, but not in the context-changed
condition, G*(1) = 0.77, p = .38, ® = .01.
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Fig.6 Probability estimates for the model parameters representing
the probability of prime-response retrieval (prr) as a function of trial
type, context relation, and context saliency in Experiment 2A and 2B.
Note. The error bars depict the standard errors of the means. Annota-

Table 5 MPT model analysis results of Experiments 2A and 2B

tion shows significant comparisons indicating configural and binary
binding of the context. The symbols “*” and “**” indicates p < .05
and p < .01, respectively

Experiment Model Restriction Goodness-of-fit test results
Moderate saliency High saliency
Gy p ® G  p o
Experiment 2A Baseline DIy = Pricy 4.53 .03 .03 4.40 .04 .03
PRy = PITcy 0.77 .38 .01 6.25 .01 .04
DITey = Pricy 0.64 42 01 5.86 .02 .03
Reparametrized PITR| — PITcy = PRy — PITco 7.82 <.01 .03 0.37 54 .01
Experiment 2B Baseline PITR| = PIicy 5.29 .02 04 4.49 .03 .03
PITRy = PITco 1.80 18 .02 5.03 .02 .03
prrcy = Pprics 0.51 A7 .01 4.04 .04 .02
Reparametrized PriRy — P¥Yrey = Prigps — Prres 4.66 .03 .02 0.18 .67 <.01

Note. In the restriction equation of each model, 1 means context repetition, 2 means context change.

Then, to investigate whether it is solely the repetition of
context that induced retrieval of the prime response (indi-
cating evidence of binary binding between the context and
the prime response), a restricted model with equivalent
prrc parameters in the context-repeated and the context-
changed conditions was tested. Results revealed a signifi-
cant misfit of the restricted model in the high-saliency
condition, Gz(l) = 5.86, p = .02, ® = .03, but not in the
moderate-saliency condition, G*(1) = 0.64, p = 42, ® =
.01. This suggests that the context of high saliency was
involved in a binary binding with the response, whereas
the context of moderate saliency was not.

Finally, a reparametrized model was used to test the
configural binding hypothesis. With the restriction of

equivalence of the prime-response retrieval effect (i.e., prrg
— prre) between context-repeated and context-changed tri-
als, the goodness-of-fit tests showed a significant misfit in
the moderate-saliency condition, G2(1) =782,p<.0l,0
= .03, but not in the high-saliency condition, Gz(l) =0.37,
p = .54, ® = .01. These results indicate that the context
of moderate saliency was involved in a configural binding
with the prime distractor stimulus and the prime response,
whereas the context of high saliency was not.

Discussion

Experiment 2A demonstrates that the repetition of a
highly salient context per se significantly increases the
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probability of retrieving the prime response as compared
with a condition without context repetition. In contrast,
the repetition of a context of moderate saliency did not
retrieve the prime response on its own but increased the
prime-response retrieval effect induced by the repeti-
tion of the prime distractor stimulus as compared with a
changed context.

The results of Experiment 2A replicate the findings from
Experiment 1, again revealing evidence of configural binding
among the moderately salient context, the prime distractor,
and the response. Furthermore, the results provide evidence
for a binary binding between the highly salient context and the
response (for which only a tendency was found in Experiment
1). In sum, results from Experiment 2A underline the conclu-
sion from Experiment 1 that the specific binding between con-
text and other elements of an episode is determined by context
saliency. Specifically, a context of high saliency is involved
in a binary binding with the response, whereas a context of
moderate saliency is involved in a configural binding among
several elements (stimuli and response).

Experiment 2B
Method
Participants

Among the 150 German-speaking participants (66
females), 30 of whom were students of the University
of Passau, the remaining participants were from the
Prolific platform. Data sets of three participants had to
be excluded because of exceeding error rates (>.5) in
ignored repetition and control conditions (as compared
with the average of around .11), which suggests either
unwillingness or inability to follow the instruction. The
remaining 147 participants whose data sets entered into
the analysis ranged in age from 18 to 41 years (M =
26, SD = 5.62). Students from the University of Passau
received course credit for their participation, whereas par-
ticipants from the Prolific platform received 3.30 pounds
monetary reward.

Materials, task, procedure, and design

Materials, task, procedure and design were identical to those
in Experiment 2A. To detect the contextual modulation of a
similar effect size as in Experiment 2A (i.e., ® = .03), given
desired levels of a = .05 and 1 — § = .80, probe response
data had to be collected from a sample of 136 participants.
The final sample comprised 147 participants (i.e., 9,408
trials), so the power was slightly larger than what we had
planned for (1 — = .83).
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Results
Analysis of reaction times and overall error rates

A 2 (trial type: ignored repetition vs. control) X 2 (context
relation: repeated vs. changed) X 2 (context saliency: mod-
erate vs. high) repeated-measures MANOVA was applied
to reaction times and error rates. The main effect of trial
type was significant in reaction times, F(1, 146) = 115.65,
p < .001, np2 = .44, and in error rates, F(1, 146) = 52.85,
p < .001, np2 = .27. The probe responses were slower and
more error prone in ignored repetition trials (Mg = 883
ms, M = .13) than in control trials (Myy = 805 ms,

error rate
M ror rare = -09), revealing a negative priming effect in both
dependent measures. The manipulation of context (i.e.,
context relation or context saliency) did not affect reaction
times, whereas a marginally significant main effect of con-
text relation was found in error rates, F(1, 146) = 3.88, p
= .05, np2 = .03, with a relatively higher error rate when
the context was repeated (M, rae = -12) than when it was
changed (M, e = -11). None of the interaction effects was

significant, all F's < 3.74, ps > .05.
Multinomial analysis of categorical response frequencies

Firstly, the prime-response retrieval effect induced by
the repetition of the prime distractor stimulus was inves-
tigated. With the restriction prrig = prr¢, the restricted
model had to be rejected when the context saliency was
high, regardless of whether the context was repeated,
G*(1) =4.49, p = .03, ® = .03, or changed, G*(1) = 5.03,
p = .02, ® = .03. When context saliency was moderate,
the restricted model had to be rejected only when the
context was repeated, G2(1) =5.29, p = .02, o = .04,
but not when the context was changed, G2(1) =1.80,p
=.18, ® = .02.

Then, the prime-response retrieval effect induced by
the repetition of the context per se was investigated. To
this end, a restricted model with equivalent prr. parame-
ters in the context-repeated and the context-changed con-
ditions was tested. Results revealed a significant misfit
of the restricted model in the high-saliency condition,
G%(1) = 4.04, p = .04, ® = .02, but not in the moderate-
saliency condition, Gz(l) =0.51, p = .47, ® = .01. This
suggests that the context of high saliency was involved in
a binary binding with the response, whereas the context
of moderate saliency was not.

Finally, a reparametrized model was used to test the
configural binding hypothesis. With the restriction of
equivalence of the prime-response retrieval effect (i.e.,
prrr — prre) between context-repeated and changed tri-
als, the goodness-of-fit tests showed a significant misfit
in the moderate-saliency condition, G2(1) =4.66, p =
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.03, ® = .02, but not in the high-saliency condition, G*(1)
=0.18, p = .67, < .01. These results indicate that the
context of moderate saliency was involved in a configural
binding with the prime distractor stimulus and the prime
response, whereas the context of high saliency was not.

Discussion

With a different sample of participants, Experiment 2B
showed the identical results pattern as in Experiment 2A.
Specifically, the prime-response retrieval effect induced
by the repetition of the context per se was significant
in the high-saliency condition, but not in the moderate-
saliency condition. However, the contextual modulation
of the prime-response retrieval effect induced by the rep-
etition of the prime distractor stimulus was significant
in the moderate-saliency condition, but not in the high-
saliency condition. Together, results in Experiment 2B
show again, that the context of high saliency is involved
in a binary binding with the response, whereas the con-
text of moderate saliency is involved in a configural
binding together with the prime distractor stimulus and
the response.

General discussion

The goal of the current study was to elucidate the
integration of context in a stimulus—response episode,
with a focus on the role of saliency. To this end, the
saliency of an auditory context was manipulated by
changing its loudness (Experiment 1) and emotional
valence (Experiments 2A and 2B). Despite the differ-
ent ways of the saliency manipulation, the results of
all experiments showed a similar pattern of results in
the moderate-saliency condition: the prime-response
retrieval effect induced by the repetition of the prime
distractor stimulus was larger when the context was
repeated than when it was changed, but the context
repetition alone did not retrieve the prime response.
This constitutes a replication of the findings reported
by Mayr et al. (2018). More importantly, in the high-
saliency condition, results from Experiments 2A and
2B show that the repetition of the context did not
increase the prime-response retrieval effect induced
by the repetition of the prime distractor stimulus, but
it retrieved the prime response on its own. Note that in
the high-saliency condition of Experiment I, results
only revealed a tendency of such a direct response
retrieval induced by context repetition, presumably due
to insufficient context saliency. On the other hand, the
repetition of the highly salient context in Experiment 1
boosted the prime-response retrieval effect induced by

the repetition of the prime distractor. As for the low-
saliency condition, results from Experiment 1 show
that repetition of context per se did not retrieve the
prime response, and that repetition of context did not
boost the probability of retrieving the prime response
induced by the repetition of the prime distractor stimu-
lus, either. Taken together, Experiments 1, 2A, and 2B
provide empirical evidence that saliency is a determi-
nant of context integration. Specifically, context of low
saliency is not integrated into a stimulus—response epi-
sode at all, context of moderate saliency is involved in
a configural binding, whereas context of (sufficiently)
high saliency enters into a binary binding with the
response.

The integration of context as a function of saliency
level is consistent with proposed assumptions about
binding principles (Hommel, 2004). Following this
notion, a binary binding between a task-irrelevant stim-
ulus and a response is only formed when the stimulus
is salient enough to pass a certain integration thresh-
old. If this threshold is missed, the stimulus will not be
integrated at all (e.g., Dutzi & Hommel, 2009). This
pattern describes what we found in the (sufficiently)
high-saliency versus low-saliency conditions in the cur-
rent study. However, the findings of configural binding
structures in Experiments 1, 2A, and 2B might extend
this binding principle: If a stimulus passes the basic
integration threshold (and is therefore bound), a sec-
ond saliency threshold will then determine the specific
binding structure (i.e., binary vs. configural). When the
saliency of a stimulus is sufficient to be integrated but
misses the threshold for binary binding, it will enter
into a configural binding. Otherwise, it will be bound
with the response in a binary fashion.

The distinction between binary and configural bind-
ings based on the saliency level may result from the
influence of saliency on the perception of a stimulus—
that is, whether the stimulus is perceived as an individual
object or not. Referring to the figure—ground segmenta-
tion literature, there is evidence that saliency determines
whether a part of a stimulus is perceived as a figural ele-
ment/object or the background of other parts (Hoffman
& Singh, 1997; Wagemans et al., 2012). In essence, with
other properties being equal, the more salient part will be
assigned the status as the “figure” in a display. Transfer-
ring this finding into the auditory modality, it is likely
that the auditory contextual stimulus of high saliency
will be perceived as an individual object, whereas the
stimulus of relatively lower saliency may be perceived
as the background of the other stimuli. Furthermore,
given that the latter is presumably more similar to the
other stimuli (in the sense of saliency level operationally
defined by loudness and emotional valence in the current
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study) than the former, the latter may be more likely to be
perceptually grouped with the other stimuli (Wagemans
et al., 2012), thereby forming a compound.4 Together,
the “figure” object, which is presumably distinguishable
from other stimuli, is more likely to enter a binary bind-
ing with the response (Moeller et al., 2016), whereas the
“background” may be involved in a configural binding
as a part of a compound. This notion fully conforms to
what we found in the current study.

The current findings bear resemblance to findings in
learning—namely, configural and elemental associa-
tions in classical conditioning (for a review, see Pearce
& Bouton, 2001). While the former assumes an associa-
tion between a compound of elements with a reinforcer
(Shanks et al., 1998), the latter assumes unitary associa-
tion between each element and the reinforcer (Rescorla &
Wagner, 1971). Recently, these two types of associations
were found to coexist but to be supported by different
neural systems (for a review, see Honey et al., 2014).
For example, Iordanova et al. (2009) found that healthy
rats could form both elemental and configural associa-
tion, but lesions in the hippocampus left rats reliant on
elemental associations, which means the hippocampus is
involved in configural but not in elemental associations.
For another example, the retrosplenial cortex, which is
involved in contextual fear conditioning, was found to
contribute more to the configural approach (Todd et al.,
2017). Assuming an overlap between the mechanisms
involved in binding and conditioning, the distinction by
the second saliency threshold that decides whether the
context is involved in configural or binary binding might
have a neural basis. With that being said, future stud-
ies are required to investigate the neural basis of our
findings.

Note that the current study did not reveal significant
contextual modulation of the negative priming effect in
reaction times or in overall error rates. This is consistent
with the previous study by Mayr et al. (2018), in which
the prime-response retrieval process was found to be the
only mechanism underlying the negative priming effect
that was sensitive to contextual modulation. However, it
is noteworthy that in the visual modality the contextual
modulation of the negative priming effect has been con-
sistently found (e.g., Chao, 2009; Chao & Yeh, 2008),
reasons for this difference between modalities should be
investigated in future studies.

To sum up, the current study manipulated the sali-
ency property of context to investigate its influence on the

4 We thank an anonymous reviewer for this idea that similarity breeds
perceptual grouping, which may result in a compound of the distractor
stimulus and the response in the so-called configural binding.

@ Springer

integration of context in stimulus—response episodes. Results
show that only contextual stimuli of sufficient saliency can
be integrated into a stimulus-response episode, entering
into either a configural or a binary structure, depending on
the context saliency level. Taken together, the current study
provides detailed insights into the architecture of bindings
between completely task-irrelevant features and actions, and
thus sheds light on how contextual information influences
human behavior.

Appendix

Standard statistical testing procedures of MPT mod-
els only concern testing the equivalence between
model parameters. To analyze interaction effects—in
this case, whether the prime-response retrieval effect
(as the difference between the prr parameters in the
ignored repetition condition, represented by “IR,” and
the control condition, represented by “C”) is larger in
the context repeated than in the context changed con-
dition—requires a so-called reparameterization (see
Knapp & Batchelder, 2004). This process introduces
new parameters to represent certain effects. With these
new parameters, it can be tested whether certain effects
(here: prrig — prre) differ between conditions (here,
the context-repeated vs. the context-changed condi-
tion). The interaction analysis used in the current study
is described in the following.

The reparameterization is applied to the baseline
model introduced by Mayr and Buchner (2006) for test-
ing the prime-response retrieval effect (see Fig. 1 in
the main text). Assuming a joint model of the two con-
text-relation conditions (repeated vs. changed), the prr
parameters in each baseline model can be presented with
the subscript “REP” for the context-repeated condition,
and the subscript “CH” for the context-changed condi-
tion, respectively.

Referring to Knapp and Batchelder (2004), there are
two basic methods to reparametrize MPT models, called
Method A and B, respectively. If we have two param-
eters of interest, 0, and 6, (with the order restriction 0 <
8, <0, < 1) in the original model, according to Method
A, a new parameter o can be introduced to reparametrize
the original model, with a = 6, / 8,. As for Method B,
instead, a new parameter f can be introduced to repara-
metrize the original model, with p = (6, — 0,) /(1 — 0,).
Method A and B can be applied additively if necessary,
as long as the resulting reparametrized model is statisti-
cally equivalent to the original model (i.e., results of the
goodness-of-fit test of these models with the same set
of empirical data should be identical) and the repara-
metrized model itself is identifiable. Both Method A
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and B are used for the current analysis. The procedure
is described in detail in the following.

First, Method B is applied to the joint model to
represent the prime-response retrieval effects (i.e., the
difference between the prriy and the prr- parameters)
with the context repeated (i.e., prrig rgp - P"c_REP)
or changed (i.e., prrig_cy - Prrc_cn)- The resulting
model is called the p-reparametrized model. In the
B-reparametrized model for each saliency condi-
tion, there are two B parameters, one for the context-
repeated condition (f rgp = [prrig rep - P77c repl /
[1 — prrc grepl) and one for the context-changed con-
dition (B cy = [prrir cu - Prrc cul / [1 = prrc cuD).
For empirical data from each saliency condition of
the current experiments, the goodness-of-fit test of
the p-reparametrized model yielded the same result
as the one for the joint model, GZ(O) = 0. The local
identifiability test (repeatedly estimating 1,000 times)
using multiTree (Moshagen, 2010) showed almost no
deviations in any of the parameter estimates (all devi-
ations <0.00001). Similarly, the simulated identifi-
ability test yielded an average deviation smaller than
0.00001. In the p-reparametrized model, the prime-
response retrieval effect in the context-repeated (i.e.,
PrTR rEP — PTPc rep) and context-changed conditions
(i.e., prrr_cy - Pr7c_cn) can be represented as follows:

prrIR_REP — prrC_REP = f_REP - (1 — prrC_REP), (1)
prrIR_CH — prrC_CH = p_CH - (1 — prrC_CH). 2)

To determine whether the prime-response retrieval
effect in the context-repeated condition is different from
that in the context-changed condition, we tested whether
the quotient of (prrig rgp — Pr7c rep) and (PrrR_cy
— prrc_cpy) equals 1. Combining Eqs. 1 and 2, the follow-
ing relation is tested:

B rep . 1 —prre gep
1 —prr C_CH

=1
P cn ®)

If the prre rgp parameter is statistically equivalent
to the prre oy parameter in the joint model, a nested
model with an additional restriction § zgp = p cy can be
built to test whether the  parameters are equal as well.
Note that this nested model is equivalent to a model
with the restriction (prrig_rgp — Pr7c_rep) = (PIT1R_cH
— prrc_cp)- This nested model analysis was applied in
the low-saliency, moderate-saliency, and high-saliency
conditions in Experiment 1 as well as the moderate-sali-
ency condition in Experiments 2A and 2B, because the

restricted model with the restriction prre rgp = prrc cy
did not yield significant misfit with the empirical data
in these conditions.

When the model with the restriction prrc ggp =
prrc_cy has to be rejected for the empirical data, which
is the case in the high-saliency condition of Experiments
2A and 2B, the nested model mentioned above can no
longer test whether Eq. 3 is satisfied or not. Thus, fur-
ther reparameterization is required, which is described
in the following.

An equal transformation of Eq. 3 will be:

B cu _ 1 —prre gep

T - Prrc cu

C)

ﬂ _REP

If Eq. 4 is satisfied, then Eq. 3 is satisfied as well, which
means there is no statistical difference between (prrig ggp
— prrc_gep) and (prrg_cy — prrc_cp)- Instead, if Eq. 4 is
not satisfied, then Eq. 3 will not be satisfied, indicating that
(prrg_rep — Prrc_rep) and (prrg_cy — Prrc_cp) are statisti-
cally different from each other.

To test whether Eq. 4 is satisfied or not, quotients on the
left and right side of Eq. 4 need to be represented by new
parameters, because MPT model analysis does not allow for
directly testing the equivalence of two quotients of model
parameters, but allows for testing the equivalence of two
model parameters. Here, Method A can be applied to the
B-reparametrized model to represent these quotients with
two new o parameters. Specifically, we can get an a_beta
parameter which equals (B ¢y / B rgp), and an o_prr param-
eter which equals (1 — prre gep) / (1 = prre_cp)- Equation 4
can then be represented as:

a_beta = o_prrC. (5)

Now, with these two new a parameters, we get a
fully reparametrized model. This fully reparametrized
model yielded the same model fit as the joint model
for empirical data from the high-saliency condition
in Experiment 2A, G2(0) = 0, and in Experiment 2B,
G?(0) = 0. In addition, the local identifiability test
using multiTree showed almost no deviations in any
of the parameter estimates (all deviations <0.00005).
Similarly, the simulated identifiability test yielded an
average deviation smaller than 0.00001. With this fully
reparametrized model, we can directly test the dif-
ference between (prrig grgp — Prrc rpp) and (prrg_cu
— prrc_cp) by restricting a_beta = a_prrc. Parameter
estimates in the joint and reparametrized models are
displayed in Appendix Tables 6, 7 and 8 for Experiment
1, 2A, and 2B, respectively.
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