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Abstract In this study, we addressed how the particular
context of stimulus congruency influences audiovisual interactions. We combined an audiovisual congruency task with
a proportion-of-congruency manipulation. In Experiment 1,
we demonstrated that the perceived duration of a visual
stimulus is modulated by the actual duration of a synchronously presented auditory stimulus. In the following experiments, we demonstrated that this crossmodal congruency
effect is modulated by the proportion of congruent trials
between (Exp. 2) and within (Exp. 4) blocks. In particular,
the crossmodal congruency effect was reduced in the context with a high proportion of incongruent trials. This effect
was attributed to changes in participants’ control set as a
function of the congruency context, with greater control
applied in the context where the majority of the trials were
incongruent. These data contribute to the ongoing debate
concerning crossmodal interactions and attentional processes.
In sum, context can provide a powerful cue for selective
attention to modulate the interaction between stimuli from
different sensory modalities.
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Audition . Congruency context . Multisensory processing
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Research in the field of cognitive control has been tightly
linked to the study of stimulus congruency. The present
research aimed to study the interplay between audiovisual
interactions and attentional control processes driven by
changes in context—that is, the relative proportions of congruent and incongruent trials.
In a typical congruency task (e.g., a Stroop task), two
stimulus dimensions, one task-relevant and one taskirrelevant, can be congruent (triggering the same response)
or incongruent (triggering incompatible responses). For example, in the Stroop task, the colour word and the colour in
which the word is written can be congruent (e.g., red written in
red) or incongruent (e.g., red written in blue). The difference
in performance between congruent and incongruent trials (i.e.,
faster response times [RTs] and higher response accuracy on
congruent trials) is called the congruency effect. It is argued
(e.g., Botvinick, Cohen, & Carter, 2004; Egner & Hirsch,
2005) that the size of the congruency effect reflects the level
of control that the participant exerts to avoid the interference
of irrelevant information while making a fast and accurate
response. According to this view, the larger the size of the
congruency effect, the more interference has occurred, and
thus, the less control was exerted.
A number of studies have shown that the congruency
effect can vary as a function of the proportion of congruent
trials. In a seminal study, Logan and Zbrodoff (1979) manipulated the proportions of congruent and incongruent
trials presented in a Stroop task, finding a decreased congruency effect in those blocks of trials with a higher proportion of incongruent items. The authors (see also Lindsay
& Jacoby, 1994) concluded that this proportion-congruent
effect was due to changes in word-reading strategies in
response to changes in the likelihood of congruency.
Crump, Gong, and Milliken (2006), using the same rationale as the above-mentioned studies, manipulated the
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proportions of congruent items presented in a consecutivetrial variant of the Stroop task. A colour-word prime was
presented in white at fixation and was followed by a coloured
rectangle target that appeared above or below fixation. The
colour of the target either matched (i.e., was congruent with)
or mismatched (i.e., was incongruent with) the meaning of the
preceding colour-word prime. The participants’ task was to
identify the colour of the rectangle. Unlike previous experiments, the coloured rectangle targets were presented in either
of two different contexts (above or below a central fixation
point), mixed at random within blocks of trials. One of these
contexts/locations was associated with a high proportion of
congruent trials (75%), and the other was associated with a
low proportion of congruent trials (25%). Participants in
Crump et al.’s (2006) study could not predict which
proportion-congruent context the current trial belonged to
until the onset of the coloured target itself. Hence, participants
could not take advantage of preparatory strategies prior to the
onset of the prime word that would facilitate or inhibit word
reading in accord with the proportion of congruency.
Nonetheless, the results of Crump et al. (2006) showed that
the proportion-congruent context, even when manipulated
randomly at target onset within a block of trials, modulated
the Stroop interference in accordance with previous studies:
a significantly reduced congruency effect on the low-proportion-congruent context relative to the high-proportioncongruent context. They proposed that these context-sensitive
control effects reflected learning of associations between the
context (e.g., location) and the likelihood of congruency, giving
rise to context-specific proportion-congruent (CSPC) effects.
Crump et al. (2006) suggested that attentional processes
were responsible for the CSPC effects obtained in their
study. On the one hand, selective attention was necessary
in order to associate a proportion of congruency with a
particular context (see Crump, Vaquero, & Milliken, 2008,
Exp. 3). On the other hand, this association implied that a
particular context triggered attentional adjustments to select
the suitable incoming information (Crump & Milliken, 2009).
The critical question addressed in our study was whether
CSPC effects can also be obtained when congruency refers
to a stimulus dimension shared between inputs from two
sensory modalities. The manipulation of congruency using
multisensory stimuli allows for the testing of mechanisms of
crossmodal interaction (Calvert, Spence, & Stein, 2004). In
particular, when inputs from two sensory modalities are
incongruent, performance can reveal whether an input from
one sense is able to affect the perception of inputs in the
other sensory modality. In effect, both behavioural (e.g.,
Sanabria, Spence, & Soto-Faraco, 2007) and neuroimaging
(e.g., Alink, Singer, & Muckli, 2008; Watkins, Shams,
Josephs, & Rees, 2007) research has shown that crossmodal
congruency effects can reflect interactions at the perceptual
level of information processing prior to attentional
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deployment, in contrast with unimodal congruency effects,
such as the Stroop effect, that occur at higher, postperceptual
levels of information processing.
Relevant here is the study by Shore and Simic (2005),
who showed a modulation of the visuotactile congruency
effect by the relative proportions of congruent and incongruent trials. The authors manipulated the proportions of
congruent and incongruent trials between blocks, obtaining
a reduced congruency effect for errors in blocks of trials
with 25% congruent trials, with respect to blocks of trials
with 75% congruent trials. However, this effect was only
obtained when the visual distractor was presented 100 ms
prior to the tactile target. The authors concluded that visuotactile integration was immune to top-down influences, and,
if present, these influences could be exerted only when the
two sensory inputs were presented asynchronously.
Therefore, the questions remain unresolved whether CSPC
effects could be obtained in the crossmodal domain when
the two sensory inputs are presented in synchrony (i.e.,
maximising the crossmodal interaction process) and, moreover, whether CSPC effects could be shown when two
different contexts of congruency are manipulated within
the same block of trials, as in Crump et al.’s (2006) study.
The congruency manipulation in our study would produce
more accurate responses on congruent trials and more errors
on incongruent trials, with respect to a baseline unimodal
visual condition. A significant difference in accuracy was also
predicted between congruent and incongruent trials. Crucially,
in line with Crump et al.’s (2006) argument about the implication of attentional processes in CSPC effects, we expected
a larger congruency effect in the high- than in the lowproportion-congruent context, supporting the idea that audiovisual interactions depend on the deployment of attentional control, in line with relevant empirical evidence from
behavioural (e.g., Sanabria, Soto-Faraco, & Spence, 2007),
ERP (e.g., Talsma, Doty, & Woldorff, 2007), and neuroimaging studies (e.g., Fairhall & Macaluso, 2009) that have
demonstrated these top-down influences.
In Experiment 1, we developed an audiovisual task that
resulted in a congruency effect whereby the perceived duration of a visual stimulus was modulated by the synchronous presentation of an auditory stimulus of the same
(congruent) or different (incongruent) duration (see Klink,
Montijn, & van Wezel, 2011, for a somewhat similar procedure). The data showed more accurate performance on congruent than on incongruent trials, revealing a congruency
effect similar to the one reported in previous studies (e.g.,
Fairhall & Macaluso, 2009). Signal detection theory (SDT)
analyses have revealed that visual inputs influenced auditory perception at a perceptual level of processing (see
Sanabria, Spence, & Soto-Faraco, 2007; Watkins et al.,
2007). In Experiments 2–4, we associated the audiovisual
stimuli with two different contexts, with regard to the
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likelihood of congruency. The particular context of congruency was manipulated both between blocks of trials (Exp. 2)
and within blocks of trials (Exp. 3 and 4). On the basis of the
findings of Crump and colleagues (Crump et al., 2006;
Crump & Milliken, 2009; Crump et al., 2008), we expected
to find a reduced crossmodal congruency effect in the context with more incongruent trials than in the context with a
higher proportion of congruent trials.
The combination of Crump et al.’s (2006) paradigm and
crossmodal congruency constitutes a novel approach, which
allows for an innovative way of studying the role of attention in crossmodal interaction. Our findings would then shed
new light on the interplay between attentional processes and
crossmodal interactions (see Talsma, Senkowski, Soto-Faraco,
& Woldorff, 2010, for a review).

Experiment 1
Method
Participants The participants were 19 undergraduate students (13 females; age range 17–43 years old, mean age
19 years) who received course credits in exchange of their
participation. All of the participants in this study reported
normal hearing and normal or corrected-to-normal vision,
and they gave their informed consent to participate in the
study, which was conducted in accordance with the ethical
standards laid down in the 1964 Declaration of Helsinki.
Apparatus and stimuli The experiment was conducted on an
Intel Core 2 Duo PC with a 17-in. LCD monitor. E-Prime
software was used for both stimulus presentation and response
collection (Schneider, Eschman, & Zuccolotto, 2002).
The visual stimuli consisted of a white cross that served
as the fixation point and a target white circle (3.01° in
diameter). Two loudspeakers, positioned on each side of
the computer screen, were used to present the auditory
stimulus, which consisted of a white-noise burst (60 dB[A]
measured at ear level).
Procedure Participants sat in a comfortable chair approximately 57 cm from the computer monitor in a dark room.
Fig. 1 Schematic illustration of
the setup used in Experiments
1–3 (a) and Experiment
4 (b)
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They were asked to discriminate the duration (short or long)
of a central white circle displayed below (4.52° from the
centre of the circle) the fixation point for either 40 or 120 ms,
while ignoring the synchronous presentation of a white-noise
burst that could last for 40 or 120 ms. This manipulation gave
rise to congruent trials (the visual stimulus was of the same
duration as the auditory stimulus) and incongruent trials (the
visual stimulus was of a different duration than the auditory
stimulus).
At the beginning of each trial, participants were presented
with a fixation cross displayed in white against a black
background for a random duration between 350 and
1,250 ms that remained present for the whole trial (see
Fig. 1 for the trial sequences of all experiments). The circle
target was then presented for either 40 or 120 ms, accompanied
by the white-noise burst, which could be congruent or
incongruent in duration. The short and long stimuli had
the same probabilities of appearance. This was also true
for congruent and incongruent trials. Accuracy, rather
than response speed, was stressed, so participants had
no response time pressure. Half of the participants were
told to press the “C” key if the circle was short in
duration and the “N” key if the circle was long in
duration, and the reverse stimulus–response mapping
was used for the remaining participants. Feedback about
response accuracy was provided to the participant, and
the next trial began 1,000 ms after the feedback.
The experiment began with a unimodal discrimination
task (the visual target stimuli were presented in the absence
of auditory distractors) in which participants completed
8 unimodal practice trials, followed by a block of 40 (20 short
and 20 long) unimodal experimental trials. The unimodal
block was followed by the crossmodal discrimination task,
in which participants completed 8 crossmodal practice trials
and four blocks of 40 crossmodal trials each.
Results
The data for 1 participant were removed from the analysis
because her performance did not reach 60% accuracy on the
baseline condition. The remaining 18 participants (12
females; age range 17–43 years old, mean age 19 years)
were included in the complete data analysis.
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The mean response accuracy1 for each participant and
condition were analysed using pair-wise two-tailed t tests.
There was a significant difference between congruent and
incongruent trials, t(17) 0 10.98, p < .001 (see Fig. 2).
Responses on congruent trials (83% correct) were more
accurate than responses on incongruent trials (45% correct).
The comparison between each type of trial and the baseline (unimodal condition) reached statistical significance:
t(17) 0 3.17, p 0 .005, and t(17) 0 8.78, p < .001, for
congruent and incongruent trials, respectively.
Sensitivity (d') and criterion (c) indexes were assessed in
the baseline, short auditory, and long auditory conditions for
each participant on the basis of the proportions of hits
(correct short visual target detections in short-target trials)
and false alarms (incorrect short visual responses in longtarget trials).
Hypothesis-driven pair-wise two-tailed t tests revealed
differences in d' between the baseline unimodal (1.51) condition and both crossmodal conditions (short [0.89] and long
[0.89] auditory)—t(17) 0 3.55, p 0 .002, and t(17) 0 3.19,
p 0 .005, respectively—revealing a higher sensitivity in the
unimodal condition. The difference in d' between the two
crossmodal conditions was not significant, t < 1. The differences in c between the baseline condition (0.32) and the
two crossmodal conditions (0.69 for short and 0.52 for
long), along with the difference between the two crossmodal
conditions themselves, were significant, all ps < .003. The
data revealed a bias towards responding “short duration” for
the circle when it was presented with a short auditory
stimulus, and towards responding “long duration” when
the duration of the auditory stimulus was long.
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Fig. 2 Percentages of correct responses for unimodal versus crossmodal (congruent and incongruent) trials in Experiment 1. Error bars
represent the standard errors of the means across participants

& Shimojo, 2000, 2002), suggests that the auditory stimulus
altered the perception of the visual stimulus when the two
synchronously presented stimuli were incongruent in duration.
SDT analyses suggest that this modulation occurs at both
perceptual (d') and decisional (c) levels of information processing (see Sanabria, Spence, & Soto-Faraco, 2007).
Crucially, the d' effect on crossmodal trials (as compared
to the baseline, unimodal condition) did not depend on
whether the auditory stimulus was short or long in duration.
In Experiment 2, we investigated whether the congruency
effect found in Experiment 1 could be modulated by the
likelihood of congruent trials. To this end, the multisensory
stimuli were presented in two contexts with different frequencies of congruent trials. SDT analyses were conducted
for each congruency context in order to study the level of
processing at which the modulation by context occurred.

Discussion

Experiment 2

Experiment 1 showed that participants committed more
errors on incongruent than on congruent trials in the visual
temporal discrimination task. This result, in accordance with
previous studies (e.g., Klink et al., 2011; Shams, Kamitani,

Method

1
In contrast to the majority of studies using congruency tasks, which
have focused on RTs, accuracy was our main dependent variable. We
believe that accuracy was the more suitable dependent variable for the
following reasons: (1) Temporal pressure in our study would have
resulted in an even greater number of errors, which would have
prevented us from obtaining enough correct responses to analyze the
RT data. (2) The focus of interest here was response precision, not
response speed. (3) Since participants in the task used in our study
committed errors even without temporal pressure, accuracy was considered to be a very informative variable of audiovisual interactions,
given that those errors were not committed due to response pressure.
Note also that other studies using tasks similar to ours have also
used accuracy as their main dependent variable (e.g., Klink et al., 2011;
Shams, Kamitani, & Shimojo, 2002). In any case, the analyses on the
RT data from Experiments 1–4 did not reveal any statistically significant
effect.

Apparatus, stimuli, and procedure These were the same as
in Experiment 1, except in the following respects: In
Experiment 2, we included two different congruency contexts. For half of the experimental blocks (high-congruency
context), 80% of the trials were congruent and the remaining
20% of trials were incongruent. The reverse was true for the
remaining half of the blocks (low-congruency context).
Participants performed eight blocks of 40 trials, four in
each of the high- and low-congruency-context conditions.
Half of the participants performed four blocks of trials in the
high-congruency-context condition followed by the four
blocks of trials in the low-congruency-context condition.
The reverse order of presentation of the congruency context

Participants The participants were 32 undergraduate students (20 women; age range 17–39 years old, mean age
19 years) who volunteered in exchange for course credit.
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conditions was used for the remaining half of the participants. After the first four blocks of trials, participants were
informed that they had completed half of the crossmodal
discrimination task. At the end of the experiment, participants completed a questionnaire to evaluate whether they
had been aware of the congruency manipulation. They were
asked whether they perceived any difference between the
two halves of the crossmodal discrimination task and what
that difference might be. They were also asked regarding the
reliability of the feedback information (i.e., whether they
believed that the information provided by the feedback was
in accordance with their response).

Results
Accuracy measures The data from 8 of the participants were
removed from the analysis because their performance did
not reach 60% accuracy in the baseline condition. We set
this criterion to make sure that participants understood the
task at hand. The remaining 24 participants (14 females; age
range 17–39 years old, mean age 19 years) were included in
the complete data analysis.
The mean accuracy for each participant and condition
were submitted to a 2 (Congruency: congruent, incongruent)
× 2 (Proportion congruent: high, low) ANOVA, which
revealed a significant main effect of congruency, F(1, 23)
0 64.88, MSE 0 2.59, p < .001, ηp2 0 .74: Responses on
congruent trials (80% correct) were more accurate than
responses on incongruent trials (47% correct). The main
effect of proportion congruent was not significant, F < 1.
Crucially, the interaction between congruency and proportion congruent was significant, F(1, 23) 0 42.96, MSE 0
0.57, p < .001, ηp2 0 .65. The size of the congruency effect
(percent correct on congruent trials – percent correct on
incongruent trials) was smaller for the low-proportioncongruent context (17%) than for the high-proportioncongruent context (48%). A priori comparisons revealed
that this difference was due to lower accuracy on congruent
trials (15.3%), F(1, 23) 0 23.72, MSE 0 0.28, p < .001, and
higher accuracy on incongruent trials (15.5%), F(1, 23) 0
Table 1 Mean correct responses
(in percentages), and standard
errors, for Experiments 2–4

Experiment

2
3
4

12.35, MSE 0 0.29, p < .001, in the low-proportioncongruent context with respect to the high-proportioncongruent context (see Table 1). Participants performed
more accurately on congruent than on incongruent trials in
both proportion-congruent conditions: F(1, 23) 0 95.53,
MSE 0 2.8, p < .001, and F(1, 23) 0 15.21, MSE 0 0.36,
p < .001, for the high- and low-proportion-of-congruency
contexts, respectively.
To investigate whether the CSPC effect depends on the
learned association between the context and the likelihood
of congruency, as suggested by Crump et al. (2006), we
compared participants’ performance in Experiment 1 between the first two blocks and the last two blocks of each
context. The mean accuracy for each participant and condition was submitted to a 2 (Congruency: congruent, incongruent) × 2 (Proportion congruent: high, low) × 2 (Block:
first half, second half) ANOVA. The first 10 trials of the first
block were considered part of the training phase and were
excluded from the analysis.
Critically, the three-way interaction between congruency,
proportion congruent, and block was significant, F(1, 23) 0
10.38, MSE 0 0.099, p < .005, ηp2 0 .31 (see Fig. 3). While
accuracy on incongruent trials was significantly higher in
the low-proportion-congruent context with respect to the
high-proportion-congruent context in the second half of
each context, F(1, 23) 0 19.47, MSE 0 0.57, p < .001, that
difference did not reached statistical significance in the first
half of each context, F(1, 23) 0 1.68, MSE 0 0.58, p 0 .21.
The short and long auditory conditions were pooled for
each congruency context (high and low) to obtain sensitivity
(d') and criterion (c) indexes. Pair-wise two-tailed t tests
showed nonsignificant differences on d' and c between the
high- and low-proportion-congruent contexts [t < 1 and
t(23) 0 1.24, p 0 .22, respectively].
Questionnaire measures Regarding the congruency manipulation, only half of the participants (46%) noticed a difference
between the two proportion-congruent conditions, although
none of them appeared to be aware of the proportion manipulation (see Table 2). Instead, those who noted a difference
between the two halves of the experimental session offered

Proportion Congruent

High
Low
High
Low
High
Low

Congruent

Incongruent

M

SE

M

SE

87.60
72.27
82.94
81.59
77.57
77.03

1.83
3.54
2.24
2.78
2.21
2.38

39.32
54.85
53.65
52.65
53.82
57.18

4.08
3.46
3.40
3.41
2.64
2.64
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Fig. 3 Percentages of correct responses as a function of congruency,
proportion congruent, and block in Experiment 2. Error bars represent
the standard errors of the means across participants

Fig. 4 Percentages of correct responses as a function of congruency,
proportion congruent, and context difference in Experiment 2. Error
bars represent the standard errors of the means across participants

comments like “the first part was easier due to tiredness”
or “I made fewer mistakes on the second part of the
experiment, presumably due to practice.”
To determine whether the performance of participants
who noticed a difference between the two congruency contexts differed significantly from the performance of participants who did not, a 2 (Congruency: congruent,
incongruent) × 2 (Proportion congruent: high, low) mixed
design ANOVA with Context Difference (difference, no
difference) as a between-participants factor was conducted.
The three-way interaction of congruency, proportion congruent, and context difference was significant, F(1, 22) 0
4.66, MSE 0 .053, p < .05, ηp2 0 .17 (see Fig. 4). Although
both groups of participants showed a significant interaction
between congruency and proportion congruent [F(1, 10) 0
9.74, MSE 0 0.117, p < .002, ηp2 0 .49, and F(1, 12) 0
45.92, MSE 0 0.508, p < .001, ηp2 0 .79, for the difference
and no-difference groups, respectively], the difference in the
sizes of the congruency effect between contexts was larger
for participants who did not notice any difference between
the two contexts (39.54%) than for those who did notice a
difference (20.60%). In both cases, the CSPC effects were
driven by changes in accuracy on incongruent trials, which
were more pronounced in the group of participants who did
not notice a difference between the two contexts (8% and
21% for participants who noticed a difference and those who
did not, respectively).
The majority of the participants (83%) considered the
feedback information unreliable (see Table 3). At the end

of the experiment, they would report that the “incorrect
response” feedback display appearing at the end of some
trials (presumably incongruent trials) was not in accordance
with their performance on those trials. For instance, a participant in a visual short (40 ms)–auditory long (120 ms)
trial would respond “long,” getting an “incorrect response”
feedback display. However, he or she would believe that his/
her response was correct. Therefore, the information provided
by the feedback in that case was considered unreliable by the
participant. This points to the idea that the crossmodal effect
reported here can be considered an audiovisual illusion,
whereby the perceived duration of the visual event was
driven by the actual duration of the auditory stimulus
(cf. Soto-Faraco, Spence, & Kingstone, 2004).

Table 2 Percentages of participants who noticed or did not notice any
difference between the two congruency contexts in Experiments 2–4

Table 3 Percentages of participants who considered the feedback
information as reliable or unreliable in Experiments 2–4

Experiment

Difference

No Difference

Experiment

Unreliable

Reliable

2
3
4

45.83
16.67
16,67

54.17
83.33
83,33

2
3
4

83.33
79.17
66.67

16.67
20.83
33.33

Discussion
Three primary results were obtained in Experiment 2. First,
we replicated the congruency effect described in Experiment
1. Second, and more importantly, this congruency effect was
modulated by the congruency context. Specifically, the congruency effect was reduced in the low-proportion-congruent
context relative to the high-proportion-congruent context.
This contrasts with the results reported by Shore and Simic
(2005), who failed to show a modulation of the visuotactile
congruency effect by the proportion-of-congruency manipulation when the two inputs were presented in synchrony. Third,
the modulation of the congruency effect was emphasized on the
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second half of each context, presumably due to the learning of
the association between the context of congruency and the
proportion of congruent trials. SDT results did not show any
effect on either the d' or the c index.
The results of the questionnaire used to assess whether
participants were aware of the proportion-congruent
manipulation appeared to indicate no evidence of participants’
explicit knowledge of the congruency manipulation. What is
more, participants who reported having noticed a difference between the two congruency contexts (whatever
that difference was) showed a reduced CSPC effects
with respect to those participants who did not notice a
difference. This suggests that the different performance
for the two contexts was not due to voluntary control,
but rather to some form of cognitive control that was
involuntarily cued by the context.
Crump and colleagues (Crump et al., 2006; Crump &
Milliken, 2009; Crump et al., 2008) obtained their results
using a within-blocks congruency manipulation, while the
data from Experiment 2 came from a between-blocks congruency manipulation. We conducted Experiment 3 to test
whether the same results could be obtained when the proportion of congruency was manipulated within blocks of trials.

Experiment 3
Method
Participants The participants were 36 undergraduate students
(25 women; age range 18–30 years old, mean age 20 years)
who received course credit in exchange for their participation.
Apparatus, stimuli, and procedure These were the same as
in Experiment 2, with the exception that the two congruency
contexts were presented within the same block of trials. The
two halves of the computer screen (top/bottom) defined the
two congruency contexts. As such, the white circle (3.01° in
diameter) was presented below or above the fixation
point (4.52° from the centre of the circle). The fixation
point was presented in the centre of the screen, 15%
lower with respect to Experiment 2, in order to define
both contexts symmetrically. For half of the participants, the
top context was associated with a high proportion of congruent
trials (75%) and the bottom context was associated with a low
proportion of congruent trials (25%). The reverse was true for
the remaining half of the participants.
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reach 60% accuracy in the baseline condition. The remaining
24 participants (16 women, age range 18–30 years old, mean
age 20 years) were included in the complete data analysis.
The mean accuracy for each participant and condition was
submitted to a 2 (Congruency: congruent, incongruent) × 2
(Proportion congruent: high, low) ANOVA, which
revealed a significant main effect of congruency, F(1,
23) 0 99.22, MSE 0 2.04, p < .001, ηp2 0 .81. Responses on
congruent trials (82% correct) were more accurate than
responses on incongruent trials (53% correct). The main
effect of proportion congruent was not significant, F < 1.
In contrast with Experiment 2, the Congruency × Proportion
Congruent interaction did not reach statistical significance,
F < 1. The sizes of the congruency effects were almost
identical in the two contexts (28.9% and 29.3% in the lowand high-proportion-congruent conditions, respectively; see
Table 1).
To examine any learning effect of the association
between context and likelihood of congruency, the data
in Experiment 2 were divided into two groups: the first four
blocks and the last four blocks. The first 10 trials of the first
block were again considered as part of the practice and were
removed from the analysis. A 2 (Congruency: congruent,
incongruent) × 2 (Proportion congruent: high, low) × 2
(Block: first half, second half) ANOVA showed that the
three-way interaction of congruency, proportion congruent,
and block did not reach statistical significance, F(1, 23) 0
1.27, MSE 0 .006, p 0 .27, ηp2 0 .05 (see Fig. 5).
Neither the d' [t(23) 0 1.46, p 0 .16] nor c [t(23) 0 1.27,
p 0 .22] indexes differed between the high- and lowproportion-congruent conditions.
Questionnaire measures Only 4 (17%) of the participants
noticed that one of the contexts differed from the other, but
no participants were specifically aware of the context
manipulation (see Table 2). Instead, the difference between
the two contexts was attributed to chance or to the fact that
one of the locations was simply easier to respond to than the

Results
Accuracy measures The data from 12 of the participants were
removed from the analysis because their performance did not

Fig. 5 Percentages of correct responses as a function of congruency,
proportion congruent, and block in Experiment 3. Error bars represent
the standard errors of the means across participants
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other. As in Experiment 2, the majority of the participants
(79%) considered the information provided by the feedback
unreliable (see Table 3).

Discussion
In Experiment 3, the congruency effect was not modulated
by the congruency context manipulation, which contrasts
with the results obtained in Experiment 2. One possibility is
that the lack of a significant interaction between congruency
and proportion congruent in Experiment 3 owes to a weak
context manipulation, which prevented the association between the spatial location and the likelihood of congruency.
Note that Crump et al. (2006) suggested that a learned
association between the context in which the stimuli are
presented and the likelihood of congruency is crucial to
obtaining a context-specific proportion-congruent effect.
To test the hypothesis that the context manipulation was
simply too weak to be learned in Experiment 3, the distinction between the two congruency contexts was made more
salient in Experiment 4.

Experiment 4
Method
Participants The participants were 52 undergraduate students
(47 women; age range 18–48 years old, mean age 22 years)
who received course credit in exchange for their participation.
Apparatus, stimuli, and procedure These were the same as
in Experiment 3, but in this experiment the white circle
(3.01° in diameter) was presented 6.02° (from the centre
of the circle) either below or above a central horizontal line,
rather than 4.52° below or above a central fixation point.
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did not reach the 60% accuracy criterion in the baseline
condition. The remaining 36 participants (32 women; age
range 18–48 years old, mean age 22 years) were included in
the complete data analysis.
The mean accuracy for the remaining participants in each
experimental condition was submitted to a 2 (Congruency:
congruent, incongruent) × 2 (Proportion congruent: high,
low) ANOVA. This analysis revealed a significant main
effect of congruency, F(1, 35) 0 46.23, MSE 0 1.71, p <
.001, ηp2 0 .57. Responses on congruent trials (77% correct)
were more accurate than responses on incongruent trials
(56% correct). The main effect of proportion congruent
was significant, F(1, 35) 0 5.53, MSE 0 0.007, p 0 .024,
ηp2 0 .14. Participants performed better for the lowproportion-congruent context (67.1%) than for the highproportion-congruent context (65.7%). Crucially, the interaction between congruency and proportion congruent was
significant, F(1, 35) 0 4.75, MSE 0 0.01, p 0 .036, ηp2 0 .12.
Participants performed more accurately on congruent than on
incongruent trials for both proportion-congruent conditions,
F(1, 35) 0 33.42, MSE 0 0.71, p < .001, and F(1, 35) 0
54.39, MSE 0 1.01, p < .001, for high and low congruency,
respectively. However, in line with the results of
Experiment 2, the size of the congruency effect was smaller
for the low-proportion-congruent context (20%) than for the
high-proportion-congruent context (24%), t(36) 0 2.18, p <
.04 (see Table 1). A priori comparisons revealed that this
difference was due to increased accuracy on incongruent
trials (3.4%), F(1, 35) 0 7.89, MSE 0 0.02, p 0 .008, in
the low-proportion-congruent context relative to the highproportion-congruent context. There was no statistical
difference between the two contexts on congruent trials,
F < 1.
A 2 (Congruency: congruent, incongruent) × 2 (Proportion
congruent: high, low) × 2 (Block: first half, second half)
ANOVA was also conducted for Experiment 4 (see Fig. 6).
The first 10 trials were excluded from the analysis. The
three-way interaction between congruency, proportion

Results
Accuracy measures The data from 16 of the participants2
were removed from the analysis because their performance
2
A 2 (Congruency: congruent, incongruent) × 2 (Proportion congruent:
high, low) ANOVA was conducted on the data from all of the
participants in Experiments 2–4. In Experiment 2, the interaction
between congruency and proportion congruent was significant [F(1,
31) 0 46.14, MSE 0 0.67, p < .001, ηp2 0 .60]. In Experiment 3, this
interaction was not significant [F(1, 35) 0 2.37, MSE 0 0.007, p 0 .133,
ηp2 0 .06]. In Experiment 4, the interaction was marginally significant
[F(1, 51) 0 3.70, MSE 0 0.01, p 0 .06, ηp2 0 .06]. Therefore, the results
from Experiments 2–4 did not change substantially when all of the
participants were included. In any case, we maintained the exclusion
criterion to ensure that our participants understood the task and were
responding above chance in the baseline condition.

Fig. 6 Percentages of correct responses as a function of congruency,
proportion congruent, and block in Experiment 4. Error bars represent
the standard errors of the means across participants
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congruent, and block did not reach statistical significance,
F(1, 35) 0 1.79, MSE 0 0.011, p 0 .19, ηp2 0 .048. However,
post hoc analyses showed a significant interaction between
congruency and proportion congruent for the second half of the
experiment, F(1, 35) 0 5.16, MSE 0 0.036, p < .03, ηp2 0 .13,
while this interaction was not significant for the first half of
the experiment, F < 1. A priori comparisons revealed, in line
with the results of Experiment 2, a significant difference
between accuracy on incongruent trials in the second half of
the experiment, F(1, 35) 0 12.02, MSE 0 0.052, p < .002,
with better performance (5.36%) for the low-proportioncongruent context than for the high-proportion-congruent
context. In the first half of the experiment, this difference
was not significant, F < 1.
In contrast to the results of Experiment 2, pair-wise twotailed t tests conducted between high and low proportions
congruent for the d' and c indexes showed that d' was
significantly higher in the low-proportion-congruent condition (2.24) than in the high-proportion-congruent condition
(1.96), t(35) 0 2.35, p 0 .02, while no differences were
obtained for c (0.28 for high, 0.32 for low, t < 1).
Questionnaire measures Only 6 participants (17%) noticed
a difference between the two contexts, although none of them
was aware of the specific proportion-congruent manipulation
(see Table 2). Instead, the perceived difference was
explained with comments related to tiredness and body
position.
To examine differences in performance between the participants who reported any difference between the two contexts and participants who did not, a 2 (Congruency:
congruent, incongruent) × 2 (Proportion congruent: high, low)
ANOVA was conducted for each group separately, taking into
consideration the large disparity in the numbers of participants
who belonged to each group (6 difference and 30 no difference;
see Fig. 7). In line with Experiment 2, the analyses revealed
a significant interaction between congruency and proportion
congruent only for the group who did not report any

Fig. 7 Percentages of correct responses as a function of congruency,
proportion congruent, and context difference in Experiment 4. Error
bars represent the standard errors of the means across participants
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difference between the two contexts, F(1, 29) 0 5.87, MSE
0 0.018, p < .03, ηp2 0 .168, while the interaction did not
reach statistical significant for the group of participants who
did notice differences between the contexts, F < 1. In line
with Experiment 2, a priori comparisons revealed a statistically significant difference between performance on incongruent trials in the low-proportion-congruent context (59%)
relative to the high-proportion-congruent context (55%) for
participants who did not report any difference between the
two contexts, F(1, 29) 0 11.70, MSE 0 0.027, p < .002.
Performance on incongruent trials between the two contexts
did not reach a statistically significant difference in the
group of participants who did report a difference between
the two contexts, F < 1.
Once again, participants’ reports at the end of the experiment
revealed that the feedback information was considered
unreliable by 67% of the participants (see Table 3).
Discussion
Experiment 4 revealed that increasing the spatial separation
between the two congruency contexts relative to Experiment
3 produced the expected result: a larger congruency effect in
the high-proportion-congruent context than in the lowproportion-congruent context. As in Experiment 2, the data
from the questionnaire suggested that the effect was not due
to voluntary, conscious control. Furthermore, given that
observers could not predict whether the oncoming trial would
belong to the high- or the low-proportion-congruent context,
they could not prepare themselves in advance to exert more or
less attentional control. We argue that the particular location in
which the stimuli were presented became associated with a
particular level of congruency, which in turn led to different
control sets being cued in the two contexts.
In Experiment 4, a significant increment in sensitivity (d')
in the low-proportion-congruent context was obtained. This
result suggests that the congruency manipulation modulated
audiovisual interactions at a perceptual level of information
processing when different proportions of congruent and
incongruent trials were presented mixed up in the same
block of trials. This perceptual sensitivity enhancement
could be related to the better performance on incongruent
trials in the low-proportion-congruent condition. However,
given that the same modulation of the d' index was not
obtained in Experiment 2, this result should be taken with
caution. A potential, and speculative, explanation refers to
the trial-by-trial shifts in attentional control set that would be
required in Experiment 4 in contrast to Experiment 2, in
which a constant congruency proportion was presented on
each block of trials. This could explain the differential
influences on the d' index. Importantly, the criterion index
(c) in Experiment 4 was not modulated by the context-ofcongruency manipulation.
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Feedback in Experiments 1–4 was presented on the assumption that it would give information about the proportion of
congruency, facilitating the association between the context
and the likelihood of congruency. However, it is clear that
participants were not aware of the proportion-of-congruency
manipulation in any of the experiments reported in this article.
What is more, once again the majority of participants in
Experiment 4 considered the feedback information to be
unreliable. Therefore, feedback does not seem to have
played a key role in our findings.

General discussion
The purpose of this study was to examine the effect of the
congruency context on the interaction of auditory and visual
stimuli. The audiovisual interaction was measured by means
of a task in which participants had to discriminate the
duration of a visual stimulus while ignoring the duration
(congruent or incongruent) of a synchronously presented
auditory stimulus. The congruency context was manipulated
by varying the relative proportions of congruent and incongruent trials—between blocks in Experiment 2, within
blocks in Experiments 2 and 4.
The results of Experiment 1 showed that our stimuli were
suitable for investigating crossmodal congruency effects
similar to those that have been reported in previous studies
(e.g., Andersen, Tiippana, & Sams, 2004; McGurk &
MacDonald, 1976). Note that the results of Experiment 1
are consistent with the outcome of a recent study reported by
Klink et al. (2011), who showed that the perceived duration
of a visual stimulus depended on the duration of an auditory
stimulus presented synchronously. Accordingly, given that
audition dominates vision in the processing of temporal
information, we argue that perceived visual duration in our
study was biased towards the perceived duration of the
auditory input (e.g., Romei, De Haas, Mok, & Driver,
2011; Shams et al., 2000, 2002; Walker & Scott, 1981).
Our SDT analyses pointed out that the congruency effect
measured here reflects crossmodal interactions occurring at
perceptual and postperceptual levels of stimulus processing,
in accordance with previous accounts (e.g., Sanabria,
Spence, & Soto-Faraco, 2007)
The results of Experiment 2 revealed that the proportion
of congruent trials, manipulated in separate blocks of trials,
influenced the size of the congruency effect. Crucially,
Experiment 4 demonstrated that the proportion of congruency
could influence the congruency effect even when different
proportions were associated with two contexts presented within
the same block of trials. Taken together, these results
suggest that the audiovisual interactions measured by
the congruency effect are prone to top-down attentional
modulations related to the context of congruency, in
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contrast to the findings of previous accounts (see
Shore & Simic, 2005).
The results reported here are in accord with those of
Crump et al. (2006); that is, a larger crossmodal congruency
effect was observed for the context in which most of the
trials were congruent. We suggest that, in terms of cognitive
control, this effect hinges on context-sensitive adjustments
as a function of audiovisual congruency. In our study, for
each location (either above or below the fixation point), the
particular congruency proportion defined whether the auditory
input would share its duration with the visual target input. As
such, we argue that the low-proportion-congruent context
triggered an attentional set for filtering the visual input from
the temporally incongruent auditory input. In contrast, in the
high-proportion-congruent context, the auditory input shared
the same temporal parameters as the visual input on most
occasions, so that attentional filtering was not generally required—or at least, not to the same extent as in the lowproportion-congruent condition. It appears, then, that context
can drive the attentional set that modulates the way in which
audiovisual inputs interact. The outcome of Experiment 4
demonstrated that these shifts in attentional set are highly
flexible and can occur on a trial-by-trial basis.
The results of Experiments 3 and 4 suggest that distinct
location contexts are necessary for learning the association
between those contexts and different congruency proportions. In Experiment 3, it seems likely that the two locations
were not sufficiently distinct to be treated as separate contexts, and instead were processed as one. The greater distinctiveness of the two contexts in Experiment 4 increased
the likelihood that they would be selectively attended to as
separate contexts. Thus, participants were able to learn the
association between location and proportion congruency,
which resulted in the context-specific proportion-congruent
effect observed in Experiment 4 but not in Experiment 3.
The results in Experiments 3 and 4 are consistent with the
idea that implicit learning can depend on attention to the
task-relevant dimensions (e.g., Jiménez & Méndez, 1999).
Jiménez and Méndez showed the difficulty of associating a
shape with a location if the shape was task-irrelevant, given
that attention was not focused on the shape dimension.
Crucially, the distinct location contexts used in Experiment 4
were more likely to require shifts of attention than were
those used in Experiment 3, and thus the association between
location and proportion congruent was also more likely to
be learned in Experiment 4 than in Experiment 3 (see also
Crump et al., 2008). The improvement of participants’ performance on incongruent trials in the low-proportioncongruent condition (with respect to the high-proportioncongruent condition) in the second, as compared to the first,
half of Experiments 2 and 4 strengthens the argument that
the association between context and proportion congruency
has to be learned. The fact that this improvement was absent
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in Experiment 3 bolsters the idea that attentional shifts are
necessary to set this association, not simply experience
within a particular context of congruency. Given that participants were not aware of the association between the location of the stimuli and audiovisual congruency, we argue
that this association occurred implicitly.
The subjective measures collected in our study suggest that
the attentional mechanism responsible for the reduction of the
congruency effect in the low-proportion-of-congruency context was involuntarily triggered by the stimulus characteristics, which entailed rapid shifts after stimulus onset. In fact,
the large majority of participants in Experiments 2 and 4 did
not notice the context manipulation. Moreover, when the
group of participants was split into those who noticed some
difference between the two contexts of congruency and
those who did not, the former showed decreased modulations of the congruency effect. Noticing a difference between
the two contexts (whatever that difference was) might have
resulted in participants using different task strategies for each
congruency context. This would have interfered with the
control mechanism automatically triggered by the onset of
the stimulus in each particular context.
Previous studies have shown that contextual cues can control
selective attention processes during online performance in a fast
and stimulus-driven manner (see Egner, 2008). In line with this
idea, each location in Experiments 2 and 4 might have
constituted a contextual cue that triggered the attentional
control needed to select relevant information. Given that
the location contexts were mixed at random across trials in
Experiment 4, this form of control could not be implemented
prior to stimulus onset, but instead selection of a particular
control set would be cued by the onset of the stimulus in
either one context or the other. By this view, context can cue
control shifts involuntarily during online performance.
In sum, our study shows, for the first time, that the
context of congruency, resulting in shifts in attentional control set, can modulate the outcomes of audiovisual interactions. We propose that this modulation was caused by
selective attentional processes involved in the association
between a context and the likelihood of congruency, presumably in an “automatic”, context-driven manner. Our
study therefore contributes to the ongoing debate regarding
the role of attention in multisensory perception, suggesting a
crucial role for attention in crossmodal processing.
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