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Verifying different sensory modality properties for concepts results in a processing cost
known as the modality-switch effect. It has been argued that this cognitive cost is
the result of a perceptual simulation. This paper extends this argument and reports
an experiment investigating whether the effect is the result of an activation of sensory
information which can also be triggered by perceptual linguistically described stimuli.
Participants were first exposed to a prime sentence describing a light or a sound’s
perceptual property (e.g., “The light is flickering”, “The sound is echoing”), then required
to perform a property-verification task on a target sentence (e.g., “Butter is yellowish”,
“Leaves rustle”). The content modalities of the prime and target sentences could
be compatible (i.e., in the same modality: e.g., visual–visual) or not (i.e., in different
modalities). Crucially, we manipulated the stimuli’s presentation modality such that half
of the participants was faced with written sentences while the other half was faced
with aurally presented sentences. Results show a cost when two different modalities
alternate, compared to when the same modality is repeated with both visual and
aural stimuli presentations. This result supports the embodied and grounded cognition
view which claims that conceptual knowledge is grounded into the perceptual system.
Specifically, this evidence suggests that sensory modalities can be pre-activated through
the simulation of either read or listened linguistic stimuli describing visual or acoustic
perceptual properties.
Keywords: modality-switch effect, property verification, priming paradigm, embodiment, grounded theories of
concepts

INTRODUCTION
Object’s properties can be perceived through diﬀerent sensory modalities. Thus, while detecting
the color of a traﬃc light in a cross-road mainly involves the visual modality, perceiving
the melody of a violin during a classic concert mainly involves the auditory modality.
According to grounded theories of knowledge (Barsalou, 2008; for a recent discussion
see Borghi and Caruana, 2015; Pecher and Zeelenberg, 2015), sensory information is also
active when we process the concepts TRAFFIC LIGHT and VIOLIN 1 . In other words,
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We use uppercase italics for concepts (VIOLIN) and lowercase italics for properties of the concepts (melody) throughout the
whole manuscript.
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the property was true of the concept. Related pairs of property
veriﬁcation sentences alternated throughout the task: a context
sentence (i.e., the one presented ﬁrst) was always followed by a
target sentence. Properties in both context and target sentences
could be in one of six modalities (vision, audition, taste, smell,
touch, and action). The key manipulation consisted in the fact
that each target sentence could be preceded by a sentence with a
property in the same or in a diﬀerent modality. Results showed
that properties were veriﬁed faster and more accurately in samemodality trials than in diﬀerent-modality trials. For instance,
participants were faster and more accurate when verifying the
property pastel for BABY CLOTHES, if they previously veriﬁed
the property yellow for BANANA (both visual) rather than the
property rustling for LEAVES (auditory context – visual target).
This ﬁnding suggests that conceptual processing strongly relies
on perceptual and motor information.
However, two possible criticisms of the study by Pecher et al.
(2003) lay on the fact that (1) their property veriﬁcation paradigm
might have involved less automatic processes compared to those
that a simulation would entail (on the automaticity of simulation
see Pulvermüller, 2005; Jeannerod, 2006); (2) the MSE with
conceptual representations could be explained assuming that
concepts are abstract, amodal symbols rather than grounded in
perception and action systems (see Mahon and Caramazza, 2008
for a discussion).
As to the ﬁrst criticism, indeed, it has been argued that
simulations are fast, implicit and automatic and only involve
exogenous attention. In a recent study, Connell and Lynott
(2012) linked perceptual attention to conceptual processing
(on the relationship between concepts and attention see
also Myachykov et al., 2013). These authors claimed that
while exogenous attentional mechanisms are involved when
incoming stimuli automatically grab attention, endogenous
attentional mechanisms are involved when people consciously
focus attention on a particular modality (see also Connell and
Lynott, 2010). Thus, only exogenous attentional mechanisms
would be at work during a perceptual simulation, inducing,
for instance, the automatic pre-activation of speciﬁc sensory
modalities during reading. Automatically pre-activated speciﬁc
modalities could then interfere with or facilitate the subsequent
processing of semantic information yielding the MSE (see also
Connell and Lynott, 2014). However, Pecher et al. (2003) had
participants performing a double property veriﬁcation task on
each trial, one on the context and one on the target sentence.
In addition, no time limit was provided to carry out the task2 .
Therefore, participants were possibly lead to rely on strategic
processes involving endogenous attention, such as constructing
a mental image of the concept and property described in
the sentences. Although mental imagery can be considered
as “the best known case of [ ] simulation mechanisms, [it]
typically results from deliberate attempts to construct conscious
representations in working memory, [whereas] other forms of
simulation often appear to become active automatically and
unconsciously outside working memory” (Barsalou, 2008, p. 619,

processing concepts would imply a re-enactment of previously
recorded and integrated perceptual information concerning
the objects or entities they refer to. Hence, a similar pattern
of neural activation in sensory systems would be preserved
in representation: while processing the concept VIOLIN, for
instance, the auditory system would re-enact states associated
with hearing its sound. This re-enactment is also known as
perceptual simulation.
According to embodied and grounded theories (see also
Glenberg, 1997; Barsalou, 1999, 2003, 2009), the re-enactment
evoked by linguistic stimuli represents a form of simulated
experience. It is worth mentioning that the notion of simulation
varies in detail and depth (Borghi and Cimatti, 2010; for a review
see Decety and Grèzes, 2006). More speciﬁcally two slightly
diﬀerent views are taken into account in the Embodied Cognition
theories. According to the ﬁrst, the notion of simulation is mainly
based on the re-enactment of past sensorimotor experience
(Barsalou, 1999). The second view stresses the predictive aspect
of simulation, suggesting that the automatic simulated reenactment of the observed actions and objects is at the basis
of a direct form of action preparation and comprehension
(e.g., Gallese, 2009). Here we mainly focus on simulation
as a form of multimodal re-enactment of previously sensory
experiences.
A growing number of neuroimaging studies show that
modality-speciﬁc brain areas are active during conceptual
processing (for reviews, see Martin, 2001, 2007; Martin and
Chao, 2001). For instance, when people process color names
(e.g., YELLOW), color areas in the visual cortex become
active (Simmons et al., 2007). Conversely, when people process
concepts for which the auditory modality is important (e.g.,
TELEPHONE), auditory areas become activated (Kiefer et al.,
2008). These results are consistent with the claim that people
simulate concepts in sensory systems.
The behavioral literature oﬀers further evidence in support
of the assumption that perceptual information is engaged in
conceptual processing, showing a cost for performance in terms
of speed and accuracy when two diﬀerent modalities alternate,
compared to when the same modality is presented (Pecher et al.,
2003, 2004; Marques, 2006; Vermeulen et al., 2007; van Dantzig
et al., 2008). This eﬀect, known as the modality-shifting eﬀect or
modality-switch eﬀect (henceforth, MSE) was initially found in a
pure perceptual study by Spence et al. (2001). Participants were
faced with a visual, tactile, or auditory signal that could appear
on the left or on the right. Their task was to detect the location
of the signal (i.e., left or right) as rapidly as possible by pressing
one of two pedals. Performance was faster and more accurate for
trials that were preceded by a same-modality trial (e.g., visual–
visual) than for trials that were preceded by a diﬀerent-modality
trial (e.g., auditory-visual).
Crucially, the MSE was replicated using a conceptual task
(Pecher et al., 2003). Pecher et al. (2003) used a property
veriﬁcation task (see Collins and Quillian, 1969; Conrad, 1972;
Smith et al., 1974; Glass and Holyoak, 1975; Rosch and Mervis,
1975; Solomon and Barsalou, 2001, 2004): participants were
presented with short sentences having a ‘concept can be property’
scheme (e.g., ‘BANANA can be yellow’) and had to verify whether
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in language comprehension was the consequence of a late
post-lexical strategy to imagine objects and objects properties.
Given that recent studies (Trumpp et al., 2013, 2014) showed
that subliminally presented sound and action words can activate
auditory and motor systems, we reasonably hypothesized to ﬁnd
the MSE although no instructed task was required on prime
sentences presented for a limited amount of time. The second
key diﬀerence is that we used prime sentences that made a
linguistic description of the pure perceptual stimuli used in
Spence et al. (2001) and in van Dantzig et al. (2008) studies so
that to exclude connections between amodal symbols as a possible
explanation of the eﬀect. Given that language comprehension
involves the construction of a perceptual simulation (Barsalou,
1999; Zwaan, 2004), and that perceptual simulations only involve
exogenous attentional mechanisms, it is likely that reading or
listening to a linguistic description of a pure perceptual stimulus
could pre-activate speciﬁc sensory modalities, which could then
facilitate or interfere with the processing of subsequent semantic
information.
Moreover, in order to avoid any possible semantic association
between prime and target sentences, concepts were either
semantically unrelated or low semantically related. In Appendix
A we report a norming study that we have conducted to assess
the semantic relatedness of our stimuli (see also Marques, 2006
on the eﬀects of semantic relatedness). Our participants were
ﬁrst presented with a prime sentence describing a LIGHT or
a SOUND’s perceptual property (e.g., “LIGHT is flickering”;
“SOUND is echoing”) and then with a target sentence (e.g.,
“BUTTER is yellowish”, “BRUSHWOOD crackle”) upon which a
property veriﬁcation judgment was to be made.
Finally, we also included a further manipulation by
introducing neutral prime stimuli, that is, prime stimuli
which did not convey any sensory information. Our purpose
was to compare performances on target sentences preceded by
sensory information (i.e., visual and auditory prime sentences)
with performances on target sentences that were not preceded
by sensory information (i.e., neutral prime sentences). Since
neutral prime items were not expected to trigger a perceptual
simulation, that is, they were not expected to involve any
attentional mechanisms which could pre-activate a speciﬁc
sensory modality, we either predict neither facilitation nor
interference due to the fact that participants were unable to
pre-activate a sensory modality.
We ran an Experiment in which prime and target sentences
conveying both visual and auditory contents were presented
either visually or aurally. We predicted to ﬁnd the MSE even with
this modiﬁed property veriﬁcation paradigm. In other words, we
expected to ﬁnd a better performance when prime and target
sentences share the same modality compared to when they do
not.

see also Kiefer and Pulvermüller, 2012; Kiefer and Barsalou,
2013). For instance, Pulvermüller et al. (2000) showed that
semantic activation in the sensorimotor cortex in passive reading
tasks was present ∼ 200 ms after word onset which would
reﬂect stimulus-triggered early lexico-semantic processes (i.e.,
simulation) rather than post-lexical processes (i.e., imagery, see
also Pulvermüller, 2005; on the generation of mental images
see Farah et al., 1989). Since in Pecher et al.’s (2003) paradigm
participants had to perform a property veriﬁcation task also on
the context sentence and each sentence was presented until a
response was given, one could reasonably argue that post-lexical
processes involving endogenous attentional mechanisms could
explain the MSE.
As to the second criticism, van Dantzig et al. (2008)
sought evidence for the involvement of sensory information in
conceptual processing that could not be explained by amodal
symbols. According to amodal symbols accounts of concepts
(Collins and Quillian, 1969; Smith and Medin, 1981; Barsalou
and Hale, 1993), modal representations are turned into abstract,
amodal symbols that represent knowledge about experience.
Although being amodal, these symbols might still be organized
so that to reﬂect their modality. The MSE with conceptual
representations (Pecher et al., 2003) could hence hinge on
connections between these symbols. van Dantzig et al. (2008)
investigated the eﬀect of a perceptual task such that of Spence and
colleagues on a conceptual task such that of Pecher et al. (2003).
More speciﬁcally, the authors asked participants to perform a
perceptual left/right spatial discrimination task followed by a
conceptual property veriﬁcation task, with the latter used as the
target task. On each trial, participants ﬁrst detected left/right
visual, auditory or tactile signals (i.e., a light ﬂash, a tone or a
vibration), as in Spence et al. (2001), and then judged whether
a visual, auditory or tactile property was true of a concept, as
in Pecher et al. (2003). Results indicate that participants were
faster at verifying whether a property was true of a concept if that
property was in the same sensory modality as the immediately
preceding perceptual signal. Hence, participants, for example,
were faster at verifying that BABY CLOTHES are pastel if they
previously detected a light ﬂash rather than a tone or a vibration.
This ﬁnding provides evidence that pure perceptual processing
(i.e., perceiving stimuli without any semantic meaning) aﬀects
the activation of conceptual processing. Since no meaningful
relationship existed between the perceptual signals of the ﬁrst task
and the concepts of the second task the authors could conclude
that the MSE cannot be explained by amodal symbols.
The present study aims at investigating whether the MSE
is the result of the activation of sensory information when
exogenous attentional mechanisms are involved. To this end,
we introduced two key modiﬁcations of Pecher et al. (2003)
and van Dantzig et al.’s (2008) studies. First, we implemented
a priming paradigm in which context sentences required no
task and were presented for a limited amount of time (from
now on we will refer to these sentences as “prime sentences”).
By using such a priming paradigm we aimed at preventing
participants from deliberately drawing upon strategic processing
for comprehending prime sentences. Our aim was to rule out
the possibility that the involvement of sensory information
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Sixty-four students from the University of Bologna (43 females;
mean age: 20.26, SD: 1.58) participated in this study in return for
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remaining 24 ﬁller sentences had a false property that did not
belong to any modality (e.g., “the BED is sleepy”). This latter type
of ﬁllers was used in order to avoid participants from basing their
answers on a superﬁcial word-association strategy, rather than on
deeper conceptual-processing (see also Solomon and Barsalou,
2004).
For both the visual and auditory condition, each participant
was presented in total with 96 prime sentences (48 modal and 48
neutral) followed by 96 target sentences (48 critical and 48 ﬁller)
throughout the experimental session. Prime and target items were
randomly combined to form same, diﬀerent and neutral modality
conditions. Each target sentence appeared in the same, diﬀerent,
and neutral modality conditions, counterbalanced across lists.
This resulted in a comparable distribution of semantic relatedness
and stimulus size measures across experimental conditions. To
sum up, the critical targets could be combined with: (1) a
neutral prime item (neutral modality); (2) a same-modality prime
sentence (visual–visual; auditory–auditory, same modality) or (3)
a diﬀerent-modality prime sentence (visual-auditory, auditoryvisual, diﬀerent modality).

course credits. All participants were Italian native speakers, had
normal or corrected-to-normal vision and hearing by self-report,
and were naïve as to the purpose of the experiment. Participants
were randomly assigned to one of the two between-subjects
conditions (visual vs. auditory). The experiment was approved by
the Psychology Department’s ethical committee of the University
of Bologna. Written informed consent was obtained from all
individual participants included in the study. Minors did not take
part in this study.

MATERIALS
Prime Items
We used 96 prime items. Forty-eight consisted of 24 visual
and 24 auditory concept-property pairs. The concepts presented
were always “LIGHT” and “SOUND” and the properties were
adjectives associated with them (e.g., “flickering/echoing”, for
the visual and auditory concepts, respectively). Twenty-four
properties were used, 12 for the visual and 12 for the
auditory prime sentences. These properties were repeated once
throughout the experiment. Twenty properties out of 24 were
taken from the norming study by Lynott and Connell (2009),
who classiﬁed several object’s properties along a unimodality –
multimodality continuum. The twenty properties we selected
from their pool were all unimodal, being mainly perceived
either through the sense of sight or through the sense of
hearing. Lynott and Connell (2009) found indeed that using
unimodal properties instead of multimodal ones leads to a
markedly larger MSE. Since our experimental design needed
24 properties, following Lynott and Connell’s (2009) combined
criterion, we selected four further properties after 50 Italian
adjectives had been rated by 22 participants (see Appendix B).
For an overview of the visual and auditory prime sentences see
Appendix C.
The other 48 prime items consisted of neutral stimuli, that
is, for the visual condition a meaningless strings of symbols
(e.g., # ◦ ˆ ? ∗ ) and for the auditory condition a white noise. Both
served to create a neutral modality compared to the same and
diﬀerent ones.

Procedure
The experiment took place in a dimly lit room. Participants sat
in front of a computer screen, at a distance of about 60 cm.
For the visual condition, each trial started with the presentation
of a ﬁxation cross (0.5 cm × 0.5 cm) for 500 ms. Immediately
after the ﬁxation, the prime sentence appeared in the middle of
the screen for 1500 ms. Then, the target sentence was displayed
on the center of the screen until a response was given or until
3000 ms had elapsed. Prime and target sentences ranged from
5.9 to 17.3 cm (from 9 to 29 characters) which resulted in a
visual angle range between 5.6◦ and 16.5◦ . All words were bold
lowercase Courier new 18. These measures were the same across
all conditions. Participants were instructed to read the prime and
target sentences and then to judge, as quickly and accurately as
possible, whether in each target sentence the property was true
of the concept. Participants underwent a short practice session of
24 stimuli (diﬀerent from those used in the experimental blocks),
during which a feedback was given about their response. For the
auditory condition, the procedure was the same, except that (1) a
“bip” sound was presented in alternative to the ﬁxation cross in
order to announce the beginning of a new trial; (2) the prime and
the target sentences were presented aurally, through headphones,
for 2000 ms and 4000 ms, respectively. In both the visual and the
auditory condition, half of the participants pressed the “s” and “k”
keys of a “qwerty” keyboard when the property was, respectively,
true and false of the concept, that is, when the target was a critical
or a ﬁller sentence, respectively. The other half of the participants
was assigned to the reverse mapping.
In order to control for sequence eﬀects, we avoided to present
the same modality for more than two consequent trials. For
example, a prime sentence in the visual modality could be
followed by another visual prime sentence only once. Then an
auditory or neutral prime had to be shown. The same rule held
for the target sentences. Two diﬀerent sequences, composed
of the same 192 concept-property pairs, were built. In both
visual and auditory conditions, the sequence presentation was

Target Sentences
We used 96 target sentences: 48 critical target sentences, consisted
of half visual and half auditory concept-property pairs taken
from the van Dantzig et al.’s (2008) study. In these critical pairs
the property was always true of the concept (e.g., “BUTTER is
yellowish”, “BRUSHWOOD crackles”). Each pair was used only
once in both the visual and auditory condition of the experiment.
Two properties were repeated once across the pairs, although
paired with diﬀerent concepts (i.e., “a BEE buzzes”, “a FLY
buzzes”; “BROCCOLI is green”, “SPINACH is green”). For an
overview of the visual and auditory target sentences see Appendix
C. The remaining 48 stimuli were ﬁller sentences, always taken
from van Dantzig et al. (2008). In the ﬁller sentences the property
was always false of the concept. Twelve ﬁller sentences had a
false visual property (e.g., “the WATER is opaque”), 12 had a
false auditory property (e.g., “the COMB sings”), whereas the
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balanced across participants, such that half of the participants
was presented with one sequence and the remaining ones with
the other.
Participants underwent two blocks of 48 prime sentences
followed by 48 target sentences each (24 critical and 24 ﬁller)
and could take a short break between them. The experiment
lasted ∼ 20 min.

Results indicated that the main eﬀect of Modality,
F(2,124) = 58.32, MSE = 13302.62, p < 0.001, η2p = 0.485, was
signiﬁcant. Paired-sample t-tests showed that decision latencies
for same modality targets (M = 2000 ms, SD = 502.73 ms)
were shorter than for diﬀerent modality targets (M = 2070 ms,
SD = 535.67 ms) t(63) = 5.7, p < 0.001, and decision latencies
for neutral modality targets (M = 2216 ms, SD = 616.95 ms)
were longer than for both same and diﬀerent modality targets
t(63) = 8.1, p < 0.001, t(63) = −6.4, p < 0.001.
The main eﬀect of Condition, F(1,62) = 320.32,
MSE = 146787.41, p < 0.001, η2p = 0.838, resulted as signiﬁcant,
showing that the auditory condition was slower than the visual
one (2590 ms vs. 1600 ms, respectively). However, it is worth
mentioning that this result is due to a technical speciﬁcation
in the procedure: aurally presented prime and target sentences
lasted longer than the visual ones, considering that spoken
sentences need to be listened to until the end before participants
could be able to release a response, while visually presented
sentences were completely available at once.
The interaction between the Modality and Condition factors
was signiﬁcant, F(1.4,87.1) = 7.88, MSE = 18941.26., p < 0.001,
η2p = 0.113.
Paired-sample t-tests in the visual condition showed that
decision latencies for same modality targets were faster than for
diﬀerent modality targets t(31) = 3.2, p < 0.01, whereas decision
latencies for neutral modality targets were slower than for both
same and diﬀerent modality targets t(31) = 6.5, p < 0.001,
t(31) = −4.1, p < 0.001. Similarly, paired-sample t-tests in
the auditory condition showed that decision latencies for same
modality targets were faster than for diﬀerent modality targets
t(31) = 4.9, p < 0.001, whereas decision latencies for neutral
modality targets were slower than for both same and diﬀerent
modality targets t(31) = 6.5, p < 0.001, t(31) = −5.4, p < 0.001.
In order to investigate the diﬀerence between the magnitude
of the MSEs found, we run an additional Univariate ANOVA
with the magnitude of the MSEs as dependent variable and the
Condition as the only between-subjects factor. The magnitude of
MSEs was computed by subtracting the mean RT for the same
modality from the mean RT for the diﬀerent modality. Results
showed that the MSE found for the visual condition (50 ms)
did not diﬀer from the one found for the auditory one (90 ms),
F(1, 62) = 2.8, p = 0.10, η2p = 0.043.
In order to exclude a speed accuracy trade-oﬀ, mean of
the incorrect responses and omissions were submitted to an
ANOVA with the same factors as those of the RTs analysis.
As to the incorrect responses, neither the main eﬀects, nor the
interaction were signiﬁcant, F s < 2, ps > 0.74, η2p < 0.004.
As to the omissions, results indicated that the main eﬀect of
Modality F(2,124) = 11.32, MSe = 36.22, p < 0.001,η2p = 0.155
was signiﬁcant. In addition, the interaction between Modality
and Condition was signiﬁcant, F(2,124) = 4.31, MSe = 51.35,
p < 0.05, η2p = 0.065. Paired sample t-tests showed that
in the visual condition participants made more omissions in
the neutral modality (3.7%) than in the diﬀerent one (1.4%),
t(31) = 2.5, p < 0.05. While in the auditory condition all
the comparisons resulted signiﬁcant showing that participants
made less omissions in the same modality (1.3%) than in the

RESULTS
Responses to ﬁller sentences were discarded. Omissions (3.74%),
Incorrect responses (17.90%) and RTs faster/slower than the
overall participant mean minus/plus 2 SD (3.61%) were excluded
from the analyses.
Mean Response Times (RTs) of the correct responses were
submitted to a Repeated Analysis of Variance (ANOVA) with
Modality (same vs. diﬀerent vs. neutral) as the within-subject
factor and Condition (visual vs. auditory) as the between-subjects
factor3 (see Table 1 and Figure 1 for the results).
3
In order to control for items variability, we conducted a Univariate ANOVA with
Target (i.e., critical concept-property pairs) as a ﬁxed factor and Modality as a
random factor. Crucially, for both the visual and auditory conditions, the Target
x Modality interaction was not signiﬁcant, F s < 1.1, ps > 0.28, η2p < 0.062. Since
these results ruled out the possibility that the eﬀect was due to some particular
target among the others, we decided to report and discuss the ANOVA in the main
text.

TABLE 1 | Mean Response Time (RTs) (in Milliseconds) with Standard
Deviations in parenthesis, as a Function of Modality (same, different,
neutral) for both visual and auditory conditions.
Visual Condition

Auditory Condition

Same

1538 (178.3)

2462 (202.2)

Different

1588 (206.5)

2552 (245.4)

Neutral

1676 (222.2)

2756 (349.1)

50∗

90∗

MSE

The MSE is computed by subtracting RTs in the same modality from RTs in the
different modality. Asterisks denote significant differences.

FIGURE 1 | Mean Response Times (RTs) (in Milliseconds) as a Function
of Modality (same, different, neutral) for both visual and auditory
conditions. Bars are standard Errors.
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diﬀerent one (3.2%), t(31) = 2.3, p < 0.05, whereas omissions
in the neutral modality (7.6%) outreached omissions in both
diﬀerent and same modalities, t(31) = 2.6, p < 0.05, t(31) = 3.3,
p < 0.05.

upon target sentences. However, in the current experiment
participants could not carry out a superﬁcial processing
of stimuli, using only word-level representations, for at
least two reasons. First, the semantic domains across
prime and target sentences were very distant to allow for
a word association strategy (see also Marques, 2006): while
target sentences described perceptual properties of objects,
prime sentences described properties of two perceptual
categories (i.e., light and sound), hence no main semantic
association was available across them. Second, in order
to avoid participants using the word association strategy,
we drew upon highly associated concepts and properties
on false trials (i.e., ﬁllers). Indeed, previous studies (Smith
et al., 1974; James, 1975; McCloskey and Glucksberg, 1979)
showed that manipulating the diﬃculty of false trials varies
the depth of processing on true trials (see also Solomon and
Barsalou, 2004). Therefore, rather than have participants reject
unassociated false properties for concepts in the ﬁller trials
(e.g., unripe for BED), we had participants reject associated
ones (e.g., sleepy for BED). For associated false properties,
participants could not respond “false” on the basis of the
word association strategy because the concept and the
property were actually somehow associated (i.e., sleepy
people go to bed). Thus, in order to determine whether the
property was true of the concept, participants must access
conceptual knowledge for BED and sleepy and realize, for
instance, that rather than being sleepy a bed is used by sleepy
people.
Overall, the results of the present study boost and broaden
previous ﬁndings which showed a signiﬁcant MSE during
an on-line perceptual task (Spence et al., 2001), a property
veriﬁcation task (Pecher et al., 2003) and across perceptual
and conceptual tasks (van Dantzig et al., 2008). More
broadly, our results support the accounts of the role of
perceptual attention on conceptual processing (Connell
and Lynott, 2010, 2012, 2014) showing that exogenous
attentional mechanisms are at work during perceptual
simulation and are responsible for the MSE. Although we
cannot completely rule out that the MSE we found is due to
strategic or imagery processes, the use of a standard priming
paradigm represents an important diﬀerence compared
to previous work. Indeed, while in previous studies the
sensory modality was likely to be strategically activated
when performing the task on the context sentence, in our
experiment we found a MSE even though participants were
not required to perform any task on the prime sentences.
That is, in our experiment it was completely unnecessary
to directly and explicitly pre-activate a speciﬁc sensory
modality, therefore the MSE we found is likely to be
due to an implicit and indirect pre-activation of sensory
modalities. Ultimately, we showed that the MSE also
occurs when participants are prevented from drawing upon
strategic processing, furthering the hypothesis that the MSE
arises from a simulation process during which exogenous
attention operates. In addition, we showed that not only
a perceptual stimulus (van Dantzig et al., 2008) but also
a perceptual linguistically described stimulus triggers the

DISCUSSION
The goal of the current study was to investigate whether the
MSE is the result of the activation of sensory information
due to exogenous attentional mechanisms. We used a diﬀerent
paradigm from previous studies in order to exclude strategic
processing and amodal symbols accounts of concepts as possible
explanations of the eﬀect. In line with the hypotheses, our
ﬁndings showed a robust MSE, that is, a facilitation for the
processing of those target sentences the modality of which
was formerly primed by a linguistically described perceptual
stimulus. In other words, participants were faster when they
responded to a target sentence in the same modality as
the previous prime sentence rather than diﬀerent. These
results conﬁrm that when the target’s modality correspond
to the one pre-activated by the content of the prime
sentence, RTs are speeded, while when these modalities do not
correspond the time needed to complete the task is slowed
down.
It is worth noting that our ﬁndings also showed slower
RTs and a higher percentage of omissions for the neutral
modality compared to the diﬀerent modality. One might
argue that the diﬀerent modality could be expected to be
the slowest modality. Indeed, activating information that does
not correspond with what has to be processed later (i.e.,
diﬀerent modality) should interfere with the processing of
subsequent information and, thus, should require longer RTs
overall. However, the slowest performances observed with the
neutral modality were possibly due to the fact that in this
case the prime items (i.e., meaningless strings of symbols or
white noise) were perceptually non-informative. Unlike the visual
and auditory prime sentences, the neutral prime did not preactivate any speciﬁc sensory modality, neither correspondent
nor non-correspondent. If the account for the MSE and
the hypothesis that a neutral prime do not pre-activate any
sensory modality are correct, we could assume that the neutral
prime did not trigger any perceptual simulation. Since no
perceptual simulation took place with neutral prime items,
participants could not take advantage of a general activation
of the sensory system and this consequently resulted in an
overall delay and a higher occurrence of omissions in the
processing of the target sentences. This result is in line with a
recent study by Connell et al. (2012), in which the conceptual
processing of non-manipulable objects (e.g., cars or windmills)
was not inﬂuenced by either a prior tactile or proprioceptive
stimulation, showing that perceptually informative stimuli
implied no facilitation eﬀect but rather slowed down the RT
needed to complete a task on perceptually non-informative
stimuli.
A potential concern is that participants could rely on a word
association strategy to perform the property veriﬁcation task
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simulation.

ACKNOWLEDGMENTS
Many thanks to: the members of the EMCO group, HuCog
group (http://www.hucog.unimore.it/site/home.html) and Prof.
James Hampton for helpful comments and discussions, and Prof.
Roberto Bolzani for a signiﬁcant help in data analysis and results
discussion. This work was supported by Ricerca Fondamentale
Orientata (RFO) funds, University of Bologna, delivered to the
last author.

SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found
online at: http://journal.frontiersin.org/article/10.3389/fpsyg.
2015.01668

REFERENCES

Decety, J., and Grèzes, J. (2006). The power of simulation: imagining one’s own and
other’s behavior. Brain Res. 1079, 4–14. doi: 10.1016/j.brainres.2005.12.115
Farah, M. J., Weisberg, L. L., and Monheit, M. (1989). Brain activity underlying
mental imagery: event-related potentials during mental image generation.
J. Cogn. Neurosci. 1, 302–316. doi: 10.1162/jocn.1989.1.4.302
Gallese, V. (2009). Motor abstraction: a neuroscientiﬁc account of how action goals
and intentions are mapped and understood. Psychol. Res. 73, 486–498. doi:
10.1007/s00426-009-0232-4
Glass, A. L., and Holyoak, K. J. (1975). Alternative conceptions of semantic
memory. Cognition 3, 313–339. doi: 10.1016/0010-0277(74)90002-X
Glenberg, A. M. (1997). What memory is for. Behav. Brain Sci. 20, 1–19; discussion
19–55. doi: 10.1017/S0140525X97470012
James, C. (1975). The role of semantic information in lexical decisions. J. Exp.
Psychol. Hum. Percept. Perform. 104, 130–136.
Jeannerod, M. (2006). Motor Cognition: What Actions Tell the Self. Oxford: Oxford
University Press.
Kiefer, M., and Barsalou, L. W. (2013). “Grounding the human conceptual system
in perception, action and internal states,” in Action Science: Foundations of An
Emerging Discipline, eds W. Prinz, M. Beisert, and A. Herwig (Cambridge: MIT
Press), 381–407.
Kiefer, M., and Pulvermüller, F. (2012). Conceptual representations in mind and
brain: theoretical developments, current evidence and future directions. Cortex
48, 805–825. doi: 10.1016/j.cortex.2011.04.006
Kiefer, M., Sim, E. J., Herrnberger, B., Grothe, J., and Hoenig, K. (2008). The
sound of concepts: four markers for a link between auditory and conceptual
brain systems. J. Neurosci. 28, 12224–12230. doi: 10.1523/JNEUROSCI.3579-08
.2008
Lynott, D., and Connell, L. (2009). Modality exclusivity norms for 423
object properties. Behav. Res. Methods 41, 558–564. doi: 10.3758/BRM.41.
2.558
Mahon, B. Z., and Caramazza, A. (2008). A critical look at the embodied cognition
hypothesis and a new proposal for grounding conceptual content. J. Physiol.
102, 59–70. doi: 10.1016/j.jphysparis.2008.03.004
Marques, J. F. (2006). Specialization and semantic organization: evidence for
multiple semantics linked to sensory modalities. Mem. Cogn. 34, 60–67. doi:
10.3758/BF03193386

Barsalou, L. W. (1999). Perceptual symbol systems. Behav. Brain Sci. 22, 577–660.
doi: 10.1017/S0140525X99532147
Barsalou, L. W. (2003). Situated simulation in the human conceptual system. Lang.
Cogn. Process. 18, 513–562.
Barsalou, L. W. (2008). Grounded cognition. Annu. Rev. Psychol. 59, 617–645. doi:
10.1146/annurev.psych.59.103006.093639
Barsalou, L. W. (2009). Simulation, situated conceptualization, and prediction.
Philos. Trans. R. Soc. 364, 1281–1289. doi: 10.1098/rstb.2008.0319
Barsalou, L. W., and Hale, C. R. (1993). “Components of conceptual representation:
from feature lists to recursive frames,” in Categories and Concepts: Theoretical
Views and Inductive Data Analysis, eds I. Van Mechelen, J. Hampton,
R. Michalski, and P. Theuns (San Diego, CA: Academic Press), 97–144.
Borghi, A. M., and Caruana, F. (2015). “Embodiment theory,” in International
Encyclopedia of the Social & Behavioral Sciences, 2nd Edn, ed. J. D. Wright
(Oxford: Elsevier) 7, 420–426.
Borghi, A. M., and Cimatti, F. (2010). Embodied cognition and beyond:
actiong and sensing the body. Neuropsychologia 48, 763–773. doi:
10.1016/j.neuropsychologia.2009.10.029
Collins, A. M., and Quillian, M. R. (1969). Retrieval time from semantic memory.
J. Verbal Learn. Verbal Behav. 8, 240–247. doi: 10.1016/S0022-5371(69)80069-1
Connell, L., and Lynott, D. (2010). Look but don’t touch: tactile disadvantage
in processing modality speciﬁc words. Cognition 115, 1–9. doi:
10.1016/j.cognition.2009.10.005
Connell, L., and Lynott, D. (2012). When does perception facilitate or interfere with
conceptual processing? The eﬀect of attentional modulation. Front. Psychol.
3:474. doi: 10.3389/fpsyg.2012.00474
Connell, L., and Lynott, D. (2014). I see/hear what you mean: semantic activation in
visual word recognition depends on perceptual attention. J. Exp. Psychol. Gen.
143, 527–533. doi: 10.1037/a0034626
Connell, L., Lynott, D., and Dreyer, F. (2012). A functional role for modalityspeciﬁc perceptual systems in conceptual representations. PLoS ONE 7:e33321.
doi: 10.1371/journal.pone.0033321
Conrad, C. (1972). Cognitive economy in semantic memory. J. Exp. Psychol. 92,
149–154. doi: 10.1037/h0032072

Frontiers in Psychology | www.frontiersin.org

7

October 2015 | Volume 6 | Article 1668

Scerrati et al.

The modality-switch effect and language processing

Martin, A. (2001). “Functional neuroimaging of semantic memory,” in Handbook
of Functional Neuroimaging of Cognition, eds R. Cabeza and A. Kingstone
(Cambridge, MA: MIT Press), 153–186.
Martin, A. (2007). The representation of object concepts in the brain.
Annu. Rev. Psychol. 58, 25–45. doi: 10.1146/annurev.psych.57.102904.19
0143
Martin, A., and Chao, L. (2001). Semantic memory and the brain: structure
and process. Curr. Opin. Neurobiol. 11, 194–201. doi: 10.1016/S09594388(00)00196-3
McCloskey, M., and Glucksberg, S. (1979). Decision processes in verifying category
membership statements: implications for model of semantic memory. Cogn.
Psychol. 11, 1–37. doi: 10.1016/0010-0285(79)90002-1
Myachykov, A., Scheepers, C., and Shtyrov, Y. Y. (2013). Interfaces between
language and cognition. Front. Psychol. 4:258. doi: 10.3389/fpsyg.2013.0
0258
Pecher, D., and Zeelenberg, R. (2015). “Embodied Knowledge,” in Emerging Trends
in the Social and Behavioral Sciences: An Interdisciplinary, Searchable, and
Linkable Resource (New York, NY: John Wiley & Sons, Inc.), 1–15.
Pecher, D., Zeelenberg, R., and Barsalou, L. W. (2003). Verifying the properties of
object concepts across diﬀerent modalities produces switching costs. Psychol.
Sci. 14, 119–124. doi: 10.1111/1467-9280.t01-1-01429
Pecher, D., Zeelenberg, R., and Barsalou, L. W. (2004). Sensorimotor
simulations underlie conceptual representations: modality-speciﬁc eﬀects
of prior activation. Psychon. Bull. Rev. 11, 164–167. doi: 10.3758/BF0320
6477
Pulvermüller, F. (2005). Brain mechanisms linking language and action. Nat. Rev.
Neurosci. 6, 576–582. doi: 10.1038/nrn1706
Pulvermüller, F., Härle, M., and Hummerl, F. (2000). Neurophysiological
distinction of verb categories. Neuroreport 11, 2789–2793. doi:
10.1097/00001756-200008210-00036
Rosch, E., and Mervis, C. B. (1975). Family resemblance: studies in the
internal structure of categories. Cogn. Psychol. 7, 573–605. doi: 10.1016/00100285(75)90024-9
Simmons, W. K., Ramjee, V., Beauchamp, M. S., McRae, K., Martin, A.,
and Barsalou, L. W. (2007). A common neural substrate for perceiving
and knowing about color. Neuropsychologia 45, 2802–2810. doi:
10.1016/j.neuropsychologia.2007.05.002
Smith, E. E., and Medin, D. L. (1981). Categories and Concepts. Cambridge, MA:
Harvard University Press.

Frontiers in Psychology | www.frontiersin.org

Smith, E. E., Shoben, E. J., and Rips, L. J. (1974). Structure and process in semantic
memory: a featural model for semantic decisions. Psychol. Rev. 81, 214–241. doi:
10.1037/h0036351
Solomon, K. O., and Barsalou, L. W. (2001). Representing properties locally. Cogn.
Psychol. 43, 129–169. doi: 10.1006/cogp.2001.0754
Solomon, K. O., and Barsalou, L. W. (2004). Perceptual simulation in property
veriﬁcation. Mem. Cogn. 32, 244–259. doi: 10.1016/j.cognition.2008.09.004
Spence, C., Nicholls, M. E. R., and Driver, J. (2001). The cost of expecting
events in the wrong sensory modality. Percept. Psychophys. 63, 330–336. doi:
10.3758/BF03194473
Trumpp, N. M., Traub, F., and Kiefer, M. (2013). Masked priming of
conceptual features reveals diﬀerential brain activation during unconscious
access to conceptual action and sound information. PLoS ONE 8:e65910. doi:
10.1371/journal.pone.0065910
Trumpp, N. M., Traub, F., Pulvermüller, F., and Kiefer, M. (2014). Unconscious
automatic brain activation of acoustic and action-related conceptual features
during masked repetition priming. J. Cogn. Neurosci. 26, 352–364. doi:
10.1162/jocn_a_00473
van Dantzig, S., Pecher, D., Zeelenberg, R., and Barsalou, L. W. (2008).
Perceptual processing aﬀects conceptual processing. Cogn. Sci. 32, 579–590. doi:
10.1080/03640210802035365
Vermeulen, N., Niedenthal, P. M., and Luminet, O. (2007). Switching between
sensory and aﬀective systems incurs processing costs. Cogn. Sci. 31, 183–192.
doi: 10.1080/03640210709336990
Zwaan, R. A. (2004). “The immersed experiencer: toward an embodied theory of
language comprehension,” in The Psychology of Learning and Motivation, ed.
B. H. Ross (New York, NY: Academic Press), 44.
Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or ﬁnancial relationships that could
be construed as a potential conﬂict of interest.
Copyright © 2015 Scerrati, Baroni, Borghi, Galatolo, Lugli and Nicoletti. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums
is permitted, provided the original author(s) or licensor are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

8

October 2015 | Volume 6 | Article 1668

