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Picturing meaning: an ERP study on the integration of left or right-handed
first-person perspective pictures into a sentence context
Jacqueline A. de Nooijera, Liselotte Gootjesa, Tamara van Goga, Fred Paasa,b and Rolf A. Zwaana

aInstitute of Psychology, Erasmus University Rotterdam, P.O. Box 1738, 3000 DR Rotterdam, The Netherlands; bEarly Start Research Institute,
University of Wollongong, Wollongong, Australia

ABSTRACT
Verbal and pictorial information are often processed together. Therefore, knowing how and when
information from these modalities is integrated is important. In this ERP study we investigated
integration of pictorial information into a sentence context. Right-handed participants heard
sentences containing manual action verbs (e.g. “You are slicing the tomato”), while seeing a
picture of a manual action. Pictures matched or mismatched the sentence content and the
participants’ handedness (i.e. pictures showed a left or right-handed perspective). Results
showed a larger N400-amplitude for content-mismatching than for content-matching sentence-
picture pairs. The N400-amplitude was not larger when the picture mismatched the participants’
handedness. However, participants responded faster to right than to left-handed perspective
pictures. This study suggests that with a sentence context, pictures are integrated with verbal
information, but mental simulations either do not play a role in this process or this role might be
too small to be visualised in the N400.
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Deriving meaning from the integration of multiple
sources of information is an essential part of language
comprehension. Many researchers have searched for
ways in which integration of verbal elements can be
investigated. In the 1980s it was first shown that the dif-
ficulty to integrate two semantic constructions, becomes
manifest in the ERP waveform by a negative going peak
around 400 ms after a mismatch occurs (Kutas & Hillyard,
1980). For example, the word “cry” in the sentence “the
pizza is too hot to cry”, is difficult to integrate with the
rest of the sentence, which results in an N400-effect
with a centro-parietal maximum. Although there is
some debate as to what stage in language processing
the N400 reflects, lexical selection (i.e. word level) or
lexical integration (i.e. discourse level), the account of
lexical integration seems to be favoured (Salisbury,
2004). According to this account the N400 is an index
of semantic processing that reflects the neural mechan-
isms of semantic integration into a context (Brown &
Hagoort, 1993). Initially, studies on this semantic inte-
gration and the N400 have investigated integration of
verbal elements into a sentence context (e.g. Connolly
& Phillips, 1994; Hagoort, Hald, Bastiaansen, & Petersson,
2004; Kutas & Hillyard, 1980) or broader discourse (e.g.
Nieuwland & Van Berkum, 2006; Salmon & Pratt, 2002;
Van Berkum, Hagoort, & Brown, 1999). More recently,
however, researchers have started to focus on the

question of how information from other modalities,
such as visual information (e.g. pictures), is integrated
into a verbal context. It is very common to simul-
taneously encounter pictorial and verbal information,
for example when reading a magazine or browsing the
internet. Therefore, an interesting question is how infor-
mation from these two sources is integrated. Concerning
this type of integration, it was suggested that the
language system incorporates semantic information
coming from linguistic and extralinguistic domains over
a similar neural time course and by recruitment of over-
lapping brain areas (Willems, Özyürek, & Hagoort, 2008).
Thus, when we refer to integration of verbal and pictorial
information, we mean the processing of information
from two modalities into one coherent whole. This
view of how integration works is in line with the one-
step model of language comprehension. According to
this model every source of information, whether linguis-
tic or extralinguistic, immediately (i.e. as soon as the
information from two modalities becomes available)
constrains the interpretation of an utterance (e.g.
Hagoort & Van Berkum, 2007; Tanenhaus & Trueswell,
1995). The visual (pictorial) context can, therefore, influ-
ence word recognition at the earliest moments during
language processing (e.g. Spivey-Knowlton, & Sedivy,
1995; Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy,
1995).
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This integration of verbal and pictorial information
was investigated at the word level. For example, when
participants were first presented with a verbal object
name at the categorical (e.g. dog) or specific (e.g.
collie) level and then with a black and white picture
that either matched or mismatched the object name,
an N400-effect was found for both a basic and a subordi-
nate mismatch (Hamm, Johnson, & Kirk, 2002). In a
similar vein, when acoustically presenting 19-month
olds and adults with words at the categorical level that
were either congruent or incongruent with a picture
content, both groups showed an N400-effect (Friedrich
& Friederici, 2004; see also: D’Arcy & Connolly, 1999).
However, a mismatch between verbal and pictorial infor-
mation not only leads to difficulties with the integration
of information at the word level but such difficulties
might also occur at the sentence or discourse level.
Several studies have investigated the integration of pic-
torial information into a sentence context. In some
studies on sentence-picture integration, pictures were
not presented simultaneously with the sentence, but
with the picture as a replacement of a word in the sen-
tence (e.g. Ganis, Kutas, & Sereno, 1996; Nigam,
Hoffman, & Simons, 1992), where an N400-effect was
found when a sentence was completed with a context
inappropriate picture, implying that when the picture
was congruent, the information from both modalities
could be integrated (For similar results see: Knoeferle,
Urbach, & Kutas, 2011; Wassenaar & Hagoort, 2007).
Behavioural results have also shown that replacing
words with pictures does not disrupt sentence proces-
sing (Potter, Kroll, Yachzel, Carpenter, & Sherman,
1986). However, also when the pictures only offer
additional information, for example when participants
were presented with short stories while simultaneously
seeing a line drawing of an object that is congruent or
incongruent with the context, an N400-effect for con-
gruency was found (Willems et al., 2008). The finding
that the N400-amplitude was larger for the incongruent
items suggests that semantic integration was more diffi-
cult for the incongruent than for the congruent items.
This shows that people even attempt to integrate infor-
mation gleaned from pictures that offer additional infor-
mation into the larger sentential context.

In addition to the study of integration of verbal andpic-
torial information, several studies investigated the inte-
gration of two sources of pictorial information.
Interestingly, even without the presentation of verbal
information, pictures themselves can lead tomismatches,
resulting in integration difficulties. When the content of
pictures is incongruent with world knowledge, an N400-
effect arises, for example, when presenting participants
with coloured pictures of people performing simple

incongruent actions, (e.g. a woman cutting bread with a
saw; Proverbio & Riva, 2009), tools shown in a false orien-
tation (e.g. a screwdriver held horizontally where the
screw is shown vertically; Bach, Gunter, Knoblich, Prinz,
& Friederici, 2009), incorrect tool use (e.g. using a screwdri-
ver to open a lock; Bach et al., 2009), inappropriate
passing-receiving pictures (e.g. seeing a hand in a grasp-
ing position, for both the passing and receiving action;
Shibata, Gyoba, & Suzuki, 2009) or when stories in the
form of a series of pictures have an incongruent picture
ending (West & Holcomb, 2002; see also: Mudrik, Lamy,
& Deouell, 2010). These action-elicited N400 waves
resemble the shape and timing of linguistic N400 waves,
suggesting that the same neural mechanisms are
involved in linguistic integration, as well as integration
of information from the visual modality (Amoruso et al.,
2013).

The research described above seems to suggest that
verbal information and visual information can easily be
integrated with one another, on a word, sentence or dis-
course level and even when two sources of information
from the visual modality have to be integrated with
each other, this is easily done. Even though language
and sensorimotor processes seem to be integrated
during the comprehension of everyday actions, it is still
unclear how this happens in the brain (Amoruso et al.,
2103). One factor that might be involved in the inte-
gration of information is the mental simulation created
when processing information, as is stipulated in theories
of embodied, or grounded, cognition. It has been
suggested that the N400 can be understood within an
embodied cognition framework (e.g. Hald, Marshall,
Janssen, & Garnham, 2011), meaning that motor infor-
mation can modulate meaning-related processes indi-
cated by the N400 (Amoruso et al., 2013). Mental
simulations also elicit (pre)motor activity (e.g. Aziz-
Zadeh, Wilson, Rizzolatti, & Iacoboni, 2006) and might
therefore influence the integration process. These
mental simulations are evoked by both verbal and
visual information. Studies have shown that motoric
information is automatically activated when seeing an
object or a picture of an object (Borghi et al., 2007;
Sumner et al., 2007). Also, when reading an action
word, the motor system becomes active (Hauk, Johns-
rude, & Pulvermüller, 2004). Reading and seeing the
same (manual) action should, therefore, in part lead to
the same activation patterns in the brain which might
facilitate integration.

If the mental simulation, that is, “the reenactment of
perceptual, motor, and introspective states acquired
during interactionwith theworld, body, andmind” (Barsa-
lou, 2008, p. 618), evoked by the verbal information and
the picture are congruent, this might facilitate the
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integration of verbal and pictorial information. However,
pictures mismatching the mental simulation might
hinder the integration of the picture in the sentence
context. According to the body-specificity hypothesis
hearing about an action leads to the creation of a body-
specific mental simulation of that action. For example,
when hearing the sentence: “You are stirring in the pot”
right-handers would make a right-handed mental simu-
lation (Casasanto, 2009). Therefore, seeing a left-handed
picture perspective might provide a mismatch with the
mental simulation and hinder integration of the picture
in the sentence context, which could be reflected in the
N400-component. Behavioural studies have shown that
both memory and learning can be hindered when a per-
spective shown mismatched the participants’ perspec-
tive. For instance, a recent study showed that motor
activation induced by seeing pictures influenced
memory performance (Apel, Cangelosi, Ellis, Goslin, &
Fischer, 2012). Right-handers could remember more
instructions when an object’s handle was oriented to
the right and actions also had to be performed with the
right-hand. Also, research has shown that when learning
new words coupled to a picture of a left or a right-
handed picture perspective, right-handers recall fewer
word definitions, when the picture seen during learning
mismatches the right-handed mental simulation evoked
by the verbal definition (De Nooijer, Van Gog, Paas, &
Zwaan, 2013). Behavioural results can, however, reflect
later processes than those reported from ERP data. If the
effects of handedness on memory and learning tasks as
reported above result from early processing, then a mis-
match between the (right-handed) mental simulation
evoked by the action verb and the left-handed picture
will be reflected in the N400. If it is the result of slower-
acting processes, it might be reflected in longer post-sen-
tential reaction times to these items.

To summarise, we asked two questions. First, can we
replicate the finding that pictorial information canbe inte-
gratedwith verbal information that is conveyed in a single
sentence?We hypothesised on the basis of the current lit-
erature that pictures that mismatch the content of the
sentence would evoke a larger N400-amplitude than pic-
tures that match the sentence content, given that the
mental simulations created by verbal and pictorial infor-
mation are integrated with each other into a single sen-
tence context.

Second, if pictorial information can be integrated with
verbal information, is integration then facilitated when
the handedness perspective of the picture matches that
of the participant? Here we hypothesised that the N400-
effect would be modulated by the hand perspective,
where the largest N400 should occur for sentence-
picture pairs that mismatch both in content and hand

perspective (i.e. a left-handed picture). When both
content information and handedness perspective mis-
match, the integration process might be hindered. This
effect might be strengthened by using sentences that
are formulated in the second-person perspective, such
as “you are stirring in the pot”, (e.g. Sato & Bergen,
2013), combined with using first-person picture perspec-
tives, which prime an actor’s perspective.

Finally, on a sentence-picture verification task, longer
response times are expected on the left-handed perspec-
tive items. In line with previous research (e.g. Apel et al.,
2012; De Nooijer et al., 2013) we only expected this effect
for right-handers, which is why we conducted the EEG
experiment only with right-handers. To foreshadow, we
did not find a perspective effect on ERPs, only on behav-
ioural data. Based on a suggestion by an anonymous
reviewer, however, we decided to test whether indeed
only right-handers were influenced by handedness per-
spective in our sentence-verification task (which is differ-
ent from tasks used in prior research on handedness
effects). Therefore, this task was subsequently also inves-
tigated with left-handers, for whom we did not expect to
find any differences in reaction times as a function of left-
or right-handed perspective pictures (e.g. Apel et al.,
2012; De Nooijer et al., 2013).

By investigating these questions, this study might con-
tribute to answering the larger question of how language
and sensorimotor processes are integrated during the
comprehension of everyday actions, given that it is still
unclear how this happens in the brain (Amoruso et al.,
2013). With this study, we try to unravel one factor that
might be relevant in this issue, namely the creation of
mental simulations, by investigating whether pictures
that mismatch the viewer’s mental simulation hinder the
integration process. Moreover, to move theories on
grounded cognition forward, it is necessary to focus
more on when we need or use grounded symbols and
mental simulations and to try to understand the nature
of these mental simulations (Dale, Dietrich, & Chemero,
2009; Dove, 2009; Zwaan, 2014). This study might contrib-
ute to answering such questions, as it can provide insight
into whether mental simulations influence the integration
of verbal and pictorial information, on which no infor-
mation is available thus far.

Method

Participants

Twenty-five (16 female) undergraduate psychology stu-
dents with a mean age of 23.2 years (SD = 3.2) partici-
pated in this study as part of an EEG tutorial.
Participants were naïve to the experimental questions.
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The experiment lasted approximately 10–15 min. All par-
ticipants were native speakers of Dutch, had normal or
corrected-to-normal vision and no neurological disorders.
To avoid influencing participants during the experiment,
we did not ask them about their handedness until after
the experiment. One participant turned out to be left-
handed and could therefore not be included in the analy-
sis, leaving 24 participants. Data of another 3 participants
were not of good enough quality (i.e. fewer than 20 seg-
ments remained in each condition after artefact rejection)
leaving 21 participants for the final analyses.

In addition, 25 left-handers (16 female), of whom 24
were confirmed to be left-handers according to the Edin-
burgh Handedness inventory (meaning that one was
ambidextrous and was therefore not included in the
sample), participated in the sentence-picture verification
task. These 24 participants had a mean age of 20.5 years
(SD = 2.0) and received either course credit or a small
monetary reward for participation.

Materials

Material consisted of 40 Dutch sentences and pictures.
Sentences always consisted of the same four elements;
the second-person pronoun “you” followed by a manual
action verb, a definite article and an object (e.g. “Jij
snijdt de tomaat” meaning “You are slicing the tomato”).
Given that Dutch is an SVO language, the verb always
appeared in the second position. Verbs had an average
of 5.1 phonemes (SD = 1.39) and a mean log frequency
of 1.0 (SD = 0.7). All sentences were recorded in a
sound-attenuated room, spoken at a normal rate by a
native Dutch female speaker. For all sentences we
created a picture that matched the meaning of the sen-
tence. In the picture a handwas shown that was executing
the denoted action. The pictures were all taken from a
first-person perspective and afterwards mirrored horizon-
tally to create an otherwise identical right- and left-
handed perspective. In addition, we made sure that all
the hands depicted in the pictures were as neutral as
possible (no rings, long nails, nail polish, etc.). The hands
could, therefore, not be easily identified as being either
male or female. This was done because handedness
effects could possibly be greater in cases where the
depicted hand has greater resemblance to the partici-
pant’s hand. For an example of the stimuli see Figure 1.

Design and procedure

In a within-subjects design, participants were presented
with spoken sentences combined with pictures that
could (mis)match the action verb in two ways: (1) the
content of the verb matched the content of the picture

(i.e. hearing “you are slicing the tomato” and seeing a
hand with a knife “slicing” a tomato) or mismatched
the content (i.e. hearing “you are slicing the tomato”
but seeing a hand “writing” something). (2) The hand
perspective could match or mismatch the right-handed
participants’ hand perspective (i.e. seeing a right-hand
slicing a tomato, vs. a left-hand slicing a tomato). This
resulted in four conditions: (1) content and hand per-
spective match, (2) content match, hand perspective mis-
match, (3) content mismatch, hand perspective match,
and (4) content and hand perspective mismatch.

During the EEG experiment, which was implemented
in E-Prime (Schneider, Eschman, & Zuccolotto, 2002) par-
ticipants were seated in a comfortable chair and were
instructed to minimise movement. They heard the sen-
tences in four blocks, with each sentence being pre-
sented in each block, but coupled with a different
picture, so that each sentence appeared once in each
condition. (This procedure is similar to the one used in
e.g. Bach et al., 2009; Friedrich & Friederici, 2004.) To
prevent participants from guessing what the mismatch-
ing picture would be, we made sure picture-sentence
pairs were never exchanged (e.g. if the mismatching

Figure 1. Example of the materials for four conditions.
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picture for the sentence: “You are writing the report” was
“cutting a tomato”, then the mismatching picture for the
sentence “You are cutting the tomato” would not be
“writing a report”). Blocks were counterbalanced across
lists, resulting in the use of four lists. Sentences were pre-
sented in a randomised order within blocks. Pictures were
displayed for two seconds at the onset of the verb. All pic-
tures were presented in the centre of the screen and were
400 × 400 pixels. The audio file lasted for three seconds
after which the question: “Does the picture match the
content of the sentence?” appeared. Participants were
instructed to indicate as fast as possible whether the
content of the sentence matched the picture by pressing
the “J” (for “ja” = yes) or “N” (for “nee” = no) button on the
keyboard with their dominant hand (the right or left
middle finger and the right or left index finger respect-
ively). The “J” and “N” are placed above each other on
the keyboard, which should prevent an interference
effect of button placement with the left and right-
handed perspective pictures. Reaction times were calcu-
lated counting from the end of the sentence. Triggers
were placed in order to mark the audio onset of the
verb. Before the start of the experiment two practice
trials were presented which contained different critical
words than used in the main part of the experiment. Par-
ticipants were told to attentively listen to and watch the
stimuli and to blink their eyes only in between the sen-
tences when a fixation cross was presented for 500 ms
in the centre of the screen, at the beginning of each trial.

EEG recording

EEG was recorded from 32 electrode sites across the
scalp using active Ag/AgCl electrodes (BioSemi, Amster-
dam, the Netherlands, ActiveTwo amplifier system)
placed in an elastic cap according to the 10/20 system.
Electrodes were placed on standard sites (Fz, Cz, Pz, Oz,
AF3, AF4, Fp1, Fp2, F3, F4, F7, F8, FC1, FC2, FC5, FC6,
T7, T8, C3, C4, CP1, CP2, CP5, CP6, P3, P4, P7, P8, O1,
O2, PO3, and PO4). Eye movements and blinks were
monitored by four additional electrodes. Horizontal eye
movements (HEOG) were measured by placing electro-
des on the left and right outer canthi of the eye. Vertical
eye movements (VEOG) were measured with electrodes
above and below the left eye. Lastly, reference electrodes
were placed on the left and right mastoid. Recordings
were amplified using an ActiveTwo amplifier system
and sampled at 512 Hz.

EEG analysis

EEG data were re-referenced offline to the linked mas-
toids. Segments of 1100 ms were created, including

100 ms before the target word onset (i.e. the action
verb). Epochs were filtered with a 0.01–40 Hz band
filter, and corrected for eye movements using the algor-
ithm of Gratton, Coles, and Donchin (1983). Segments
were only analysed when the correct answer was pro-
vided by the participant. In each condition the
maximum number of data segments per participant
was 40. If fewer than 20 segments remained in each con-
dition after artefact rejection the participant was
excluded from further analysis (3 participants), leaving
21 participants. From the remaining 21 participants on
average 9% of the segments were rejected because of
artefacts (12% in the content match, hand perspective
mismatch, 12% in the content and hand perspective
match, 7% in the content mismatch, hand perspective
match and 6% in the content and hand perspective mis-
match condition). Segments were normalised on the
basis of the 100 ms pre-stimulus baseline. ERPs were cal-
culated for each participant by averaging trials for each
electrode and condition separately.

We used two time windows, an N400 time window
(300–550 ms) and a late time window (600–900 ms). A
late time window was included because some studies
have found a broad negativity following the N400 in a
similar design (e.g. Mudrik et al., 2010). We, therefore,
included this time window, to investigate whether our
results were in line with such a finding. On the basis of pre-
vious studies (e.g. Federmeier & Kutas, 2001; Holcomb &
McPherson, 1994; Mudrik et al., 2010) the N400-effect for
sentence-picture integration could be expected to have
a more frontal maximum than the centro-parietal
maximum that is usually reported (e.g. Kutas & Hillyard,
1980), however other studies found a centro-posterior
N400 distribution for picture-sentence integration (e.g.
Friedrich & Friederici, 2004; Knoeferle et al., 2011). To be
able to detect where the N400-effect is strongest, we
created four quadrants plus a midline section to
examine the time windows. All recorded channels are
included in these sections: left anterior (F3, F7, FC1, FC5,
C3 AF3, FP1, and T7), right anterior (F4, F8, FC2, FC6, C4,
AF4, FP2, and T8), left posterior (CP1, CP5, P3, P7, O1,
and PO3) right posterior (CP2, CP6, P4, P8, O2, and PO4),
midline (Fz, Cz, Pz, and Oz).

Statistical analyses

For the behavioural data of the right-handers two
Repeated-Measures analysis of variance (ANOVA) were
conducted; one based on participant variability and
one based on item variability. Both analyses were con-
ducted with content (picture-sentence [mis]match) and
perspective (picture perspective [mis]match) as within-
subjects factors for the reaction times on the sentence-
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picture verification task. Similar analyses were separately
conducted for the data of the left-handers. Only reaction
times to correct answers were analysed. In addition, reac-
tion times faster than 100 ms or slower than 3000 ms
were excluded from analyses. As a result 7.7% of the
reaction time data from the right-handers and 8.3% of
the reaction time data from the left-handers was not
analysed.

For the EEG data of the right-handers a 5 × 2 × 2
Repeated-Measures ANOVA was conducted with region
(quadrants plus midline), content and perspective as
within-subject factors for both the N400 and the late
time window. In addition, to explore whether there are
any differences in how the handedness perspective is
processed by the two hemispheres, we performed an
additional analysis with hemisphere (left, right), content
(congruent, incongruent) and perspective (left, right) as
within-subjects factors. When assumptions of sphericity
are violated, results of Multivariate analyses are reported,
given that these are not limited by the sphericity
assumption (Jennings, Cohen, Ruchkin, & Fridlund,
1987). Only results with a p-value < .05 are interpreted
as significant. When multiple comparisons are made,
results were only considered as significant when they
are Bonferroni-corrected for multiple comparisons.

In addition to classical frequentist Repeated-Measures
ANOVAs, we also used Bayesian Repeated-Measures
ANOVAs. Bayesian statistics allows us to calculate the
probability a hypothesis is true, given the data. Bayes
Factors for the separate effects in the Repeated-Measures
ANOVA were computed with JASP 0.6 (http://jasp-stats.
org). The Bayes Factor used is the inclusion Bayes Factor
(BFinc), which is an average of the likelihood of models
that include the effect. It, therefore, compares all
models with a certain factor against all the models
without that factor. BFinc can be interpreted as follows
concerning the evidence for the alternative hypothesis:
−∞ < B ≤ 0.1 is considered strong evidence against, 0.1
< B≤ (1/3) is substantial against, (1/3) < B < 1 barely
worth mentioning against, 1≤ B < 3 barely worth men-
tioning for, 3 ≤ B ≪ 10 substantial for, 10≤ B <∞
strong for (Jeffreys, 1961). For example, when the BFinc
is .02 this means that given the data, it is 50 times more
likely that the null hypothesis is true, compared to the
alternative hypothesis (i.e. the inverse of the inclusion
Bayes Factor (1/BFinc)).

Results

Behavioural data

Mean accuracy and reaction times on the accurate items
are given in Table 1. Because of the high accuracy

scores (Table 1) we only analysed the reaction times.
The ANOVA for the right-handers showed no significant
effect of content, F(1, 23) = .56, p = .462, h2

p = .16, BFinc
= .23, on the reaction times on the accurate items.
However, there was a significant effect of perspective, F
(1, 23) = 4.46, p = .046, h2

p = .16, BFinc = .41, indicating
that participants were faster to react to the right-
handed than to the left-handed pictures. No significant
interaction between content and perspective was
found, F(1, 23) = .02, p = .881, h2

p = .001, BFinc = .097.
Although we did expect to find an interaction between
these factors, the null hypothesis is, given these data,
over 10 times more likely than the alternative hypothesis
(i.e. the inverse BF), which provides strong evidence for
the null hypothesis. In addition, the item analyses
showed no effect of content, F(1, 39) < 1, p = .687,
h2
p = .004,BFinc = .14. Therewas also no significant inter-

action between content and perspective, F(1, 39) < 1,
p = .688, h2

p = .004, BFinc = .06. Lastly, the effect of per-
spective was not significant, F(1, 39) = 2.90, p = .096,
h2
p = .069, BFinc = .42.
The ANOVA for the left-handers showed a significant

effect of content, F(1, 23) = 4.59, p = .043, h2
p = .166,

BFinc = 4.64, indicating that the participants took longer
to respond to the congruent items, compared to the
incongruent items, which is in line with the accuracy
scores for both left and right-handers, where it seemed
thatmore correct answers were given on the incongruent
items. There was no significant effect of perspective, F(1,
23) < 1, p = .596, h2

p = .012, BFinc = .19 nor a significant
interaction between content and perspective, F(1, 23) <
1, p = .752, h2

p = .004, BFinc = .21. As the analysis for the
left-handers showed no effect of perspective, only an
analysis on participant’s variability and not on item varia-
bility is reported here (Table 1).

ERP data

In Figure 2 the grand-averaged ERPs for four electrodes
(two frontal and two central electrodes) are shown. We
chose to show these electrodes because, as mentioned
earlier, some studies investigating sentence-picture inte-
gration have found N400-effects with a centro-frontal
maximum (e.g. Federmeier & Kutas, 2001; Holcomb &
McPherson, 1994; Mudrik et al., 2010).

N400 time window (300–550 ms)
In Figure 3, the grand-averaged ERPs are shown for the
four conditions in the four quadrants used. The ANOVA
showed a significant main effect of region, F(4, 17) =
19.71, p < .001, h2

p = .082, BFinc =∞, meaning that
there is a significant difference between the frontal
regions and the posterior and midline regions
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(p < .001). This is, however, not relevant for our hypoth-
eses, so we will not elaborate on these findings. There
was also a significant effect of content, F(1, 20) = 4.49,
p = .047, h2

p = .18, BFinc = 4.37, where we found a
larger N400-amplitude for sentence-picture mismatching
than for matching items. There was no effect of perspec-
tive, F(1, 20) < 1, p = .951, h2

p = .001, BFinc = .048. Given
these data, the null hypothesis of no differences in per-
formance on the perspective factor was about 21 times

(inverse of the inclusion Bayes Factor) more likely than
the alternative hypothesis, which could be described as
strong evidence for the null hypothesis. Lastly, there
was no interaction between content and perspective,
F(1, 20) = 1.49, p = .236, h2

p = .07, BFinc = .057. Given
these data, it is about 18 times more likely that the null
hypothesis is true. It is, therefore, likely that there was
truly no effect of perspective in the ERP data. Lastly,
there was a significant interaction between region and

Table 1. Means (and standard deviations) of accuracy (in %) and reaction times (in ms).
Condition

Content + perspective
match

Content match + perspective
mismatch

Content mismatch + perspective
match

Content + perspective
mismatch

Accuracy
Right-handers 94.3 (10.2) 94.0 (7.6) 99.2 (1.4) 99.2 (2.2)
Left-handers 97.5 (2.7) 97.3 (3.7) 99.5 (1.0) 99.0 (1.5)
Reaction time
Right-handers 498 (136) 519 (175) 488 (157) 505 (156)
Left-handers 424 (153) 426 (145) 397 (118) 404 (103)

Figure 2. Grand-average ERPs for the four conditions at electrodes, F7, Fz, F8, Cz.
Note: Negativity is plotted upwards.
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perspective, F(4, 17) = 4.28, p = .014, h2
p = .50, BFinc

= .005, although Bonferroni-corrected post hoc tests
showed no significant differences between the left and
right-handed perspective picture conditions in the differ-
ent regions (left anterior: F(1, 20) = 1.06, p = .315, BFinc
= .33; right anterior: F(1, 20) = 1.25, p = .28, BFinc = .28;
left posterior: F(1, 20) < 1, p = .839, BFinc = .22; right pos-
terior: F(1, 20) < 1 p = .893, BFinc = .18; midline: F(1, 20) <
1, p = .737, BFinc = .26).

In the design of this study we used a certain amount
of repetition of stimuli, which was necessary, given that
there are only a limited number of manual action verbs.
However, repetition of stimuli can influence the size of
the N400 (Rugg, 1985), therefore we performed a
Repeated-Measures ANOVA on only the first block of
stimuli before any repetition occurred to test for the
effect of repetition. Even though the power of this
analysis is much lower than the overall analysis, it
does not seem to be the case that there is an effect of
perspective anywhere, F(1, 19) < 1, p = .438, h2

p = .03,
BFinc = .13). Given these data, the null hypothesis of
no differences on the perspective factor was about 8
times more likely than the alternative hypothesis,
meaning there is substantial evidence for the null
hypothesis.

Lastly, we conducted a Repeated-Measures ANOVA
with hemisphere (left, right), content (congruent-incon-
gruent) and perspective (left-right) as within-subject
factors, as we were interested in any interactions of
content or perspective with hemisphere. We found a sig-
nificant interaction between hemisphere and perspec-
tive, F(1, 20) = 6.14, p = .022, h2

p = .235, BFinc = .02.

Although it appeared there was a larger negativity for
the left-handed pictures processed in the left hemi-
sphere and for the right-handed pictures processed in
the right hemisphere, than for the left-handed pictures
processed in the right hemisphere and the right-
handed pictures processed in the left hemisphere, both
the Bayes factor (which suggests that the null hypothesis
is 50 times more likely) and follow-up post hoc tests (left
hemisphere: t(1, 20) < 1, p = .546, BFinc = .34; right hemi-
sphere: t(1, 20) < 1, p = .549, BFinc = .35), suggest there is
no effect of perspective in either the left or right
hemisphere.

Late time window (600–900 ms)
The ANOVA showed a main effect of region, F(4, 17) =
36.20, p < .001, h2

p = .90, BFinc = 3.217 × 1015, and a
main effect of content, with a larger negative amplitude
for the sentence-picture mismatching than for the
matching items, F(1, 20) = 13.72, p = .001, h2

p = .41,
BFinc = 3.269 × 108. There was no effect of perspective,
F(1, 20) < 1, p = .991, h2

p = .001, BFinc = .049, nor an
interaction between content and perspective, F(1, 20)
< 1, p = .760, h2

p = .005, BFinc = .035. Similar to the
N400 time window, there was an interaction between
region and perspective, F(4, 17) = 5.14, p = .007,
h2
p = .55, BFinc = .005. As in the N400 time window,

however, Bonferroni-corrected post hoc tests showed
no significant differences between the left and right-
handed picture conditions in the different regions (left
anterior: F(1, 20) < 1, p = .393, BFinc = .30; right anterior:
F(1, 20) < 1, p = .542, BFinc = .23; left posterior: F(1, 20)
< 1, p = .752, BFinc = .23; right posterior: F(1,20) < 1,

Figure 3. Grand-average ERPs for the four conditions for the four quadrants used.
Note: Negativity is plotted upwards.
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p = .763, BFinc = .21; midline: F(1, 20) < 1, p = .778, BFinc
= .22).

Lastly, like in the N400 time window the interaction
between hemisphere and perspective was significant in
the late time window. This analysis showed again a
larger negativity for left-handed perspective pictures
processed in the left hemisphere, and right-handed per-
spective pictures processed in the right hemisphere,
than for right-handed pictures processed in the left
hemisphere or left-handed perspective pictures pro-
cessed in the right hemisphere. Like in the N400 time
window, follow-up t-tests were not significant (left hemi-
sphere: t(1, 20) < 1, p = .667, BFinc = .40; right hemi-
sphere: t(1, 20) < 1, p = .805, BFinc = .30). No other
interactions with the factor hemisphere were significant.

Discussion

In this study we investigated the integration of semantic
information conveyed through sentences and pictures
and the influence of mental simulations herein. Our
results show a larger N400-amplitude for the sen-
tence-picture mismatching than for the matching
items in the N400 time window. This effect was rela-
tively broad in its scalp distribution, given that there
was no interaction between the factors content and
region. Although some studies using daily actions
found a more frontally distributed bias (e.g. Federmeier
& Kutas, 2001; Holcomb & McPherson, 1994; Mudrik
et al., 2010; West & Holcomb, 2002), others do not (Frie-
drich & Friederici, 2004; Knoeferle et al., 2011), which
seems to be more in line with our findings. Given that
the N400-component occurs in response to violations
of semantic expectancy, this study suggests that
people attempt to integrate pictorial information pre-
sented concurrently with verbal information presented
in a single sentence context, where they have more dif-
ficulty with integration when the sentence content does
not match the picture content. This finding is in line
with other studies in the field that have investigated
integration of verbal and pictorial information (e.g.
Ganis et al., 1996; Knoeferle et al., 2011; Nigam et al.,
1992; Willems et al., 2008) and with the one-step
model of language processing according to which
every source of information, whether linguistic or extra-
linguistic can immediately constrain the interpretation
of an utterance (e.g. Spivey-Knowlton, & Sedivy, 1995;
Tanenhaus et al., 1995).

Concerning the results for the late time window (600–
900 ms) we found a larger negativity when the content
of the sentence and picture mismatched. Previous
research showed an N400-effect when presenting par-
ticipants with congruent or incongruent visual scenes,

but also a more broadly pronounced distributed nega-
tivity which the authors attributed to late processes of
semantic evaluation and response preparation (Mudrik
et al., 2010). This would also explain our results, given
that our participants were required to give a response
on whether picture and sentence matched in content.
In other studies on this topic, a response was not
always required (e.g. Willems et al., 2008) and therefore
this late effect might have been less strong in these
studies.

So what can these results tell us about how verbal and
visual information are integrated, what is the underlying
mechanism? One possibility, which we mentioned
before, is that pictures elicit a mental simulation, while
the sentence itself also evokes a mental simulation.
These perceptual representations might be integrated
into a coherent message. The creation of two matching
mental simulations could then facilitate the integration
of pictures in a single sentence context. If mental simu-
lations facilitate the integration of information from
two modalities, we would however expect the inte-
gration to be hindered by pictures that mismatch the
observer’s mental simulation (in this case the observer’s
hand preference), but this was not evidenced by our
results in the N400. Although we used stimuli containing
the pronoun “you” and first-person perspective pictures
which both could have stimulated taking the actor’s per-
spective in the simulation (Sato & Bergen, 2013), and
even though the N400-effect seemed to be the strongest
for the condition where the content and the hand per-
spective mismatched, there were no significant effects
of hand perspective. Given that we did not instruct the
participants on how to interpret the pronoun “you”, par-
ticipants could have taken the perspective of a bystan-
der, which might have affected their expectations
about the handedness perspective. This seems unlikely,
however, because it has been shown that the use of
the second-person pronoun leads to the adoption of
the actor’s perspective, without any instruction on how
to interpret the pronoun (Sato & Bergen, 2013).

While the ERP results did not differ for perspective
matches and mismatches, reaction times on the sen-
tence-picture verification task did. This is in line with
other behavioural tasks (i.e. learning and memory
tasks), where an effect of these mental simulations was
found (e.g. Apel et al., 2012; De Nooijer et al., 2013).
Several studies have shown that right-handers’ recall
can have negative effects on memorisation (e.g. Linke-
nauger, Witt, Stefanucci, Bakdash, & Proffitt, 2009) and
learning tasks (e.g. De Nooijer et al., 2013) when seeing
the left-handed perspective, which may suggest that par-
ticipants are influenced by the mismatching perspective
in a conscious task, but not in automatic, fast,
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subconscious processes (as reflected in the N400).
However, it could be the case that the faster reaction
times of the right-handers on the right-handed perspec-
tive pictures are due to a type of motor priming, where
responses with the right-hand were faster to right-
handed perspective pictures. Another factor that could
have played a role here is familiarity with the right-
handed perspective, which might have caused faster
processing of this perspective. Considering familiarity
with the perspective, both left- and right-handers can
be assumed to be more familiar with right-hander’s
actions as we most often observe other people’s
actions with a right-handed perspective (as 90% of the
population is right-handed). However, with pictures
from a first-person perspective, left-handers should be
more familiar with the left-handed first-person perspec-
tive than with the right-handed perspective whereas
they would be more familiar with the right-handed per-
spective when seeing pictures from the third-person per-
spective. If the results on the reaction time task are,
therefore, due to motor priming or familiarity with the
perspective, we would have expected left-handers
(responding with their left-hand) to react faster to the
first-person left-handed perspective pictures. There
was, however, no difference in reaction time between
the left-handed and right-handed perspective pictures,
in left-handers. However, given that we do not have
data on what perspective left-handers are most familiar
with, we cannot entirely rule out that familiarity had
(some) effect in these results.

Lastly, could it be the case that mental simulations (in
the form of a handedness mismatch) do have an influ-
ence in the integration process, but was undetected in
this study? Could, for example, the lack of finding an
effect of perspective be due to the implicit nature of
the task concerning perspective? No explicit mention
was given to the perspective manipulation while partici-
pants did have to judge whether the content of the
picture matched the sentence, which was the other
manipulation. It seems that mental simulations in
essence occur outside of awareness. Any effect of mis-
matching mental simulation on the integration of infor-
mation would, therefore, have been expected when no
attention is drawn to the handedness perspective.
Because of this reason it is unlikely that any handedness
effects were overshadowed by the effects of congruency.
To provide more evidence for this statement, we con-
ducted a Bayesian analysis that suggested that, given
our data, the null hypothesis is 21 times more likely
than the alternative hypothesis, which provides strong
evidence for that hypothesis (Jeffreys, 1961).

Effects of mental simulations on language processes,
as described earlier, were foundwithout explicit attention

to the left-right difference. Therefore, if therewas an effect
of perspective,wewould indeed especially have expected
this to occurwhenno attentionwas drawn to theperspec-
tive manipulation. Another factor one might argue could
have influenced the results is the use of a design in which
the sentences and pictures were presented more than
once. This repetition was necessary because we wanted
to investigate one type of verb, namely object-manipu-
lation verbs that elicit motor activation. Given the
limited number of these types of verbs, a certain
amount of repetition was necessary to obtain enough
power. Although repetition can influence the size of
the N400-effect (Rugg, 1985), this influence has been
found in some tasks (e.g. lexical decision) but not in
others (e.g. word/number discrimination) (Bentin &
McCarthy, 1994). Also, although the sentences and pic-
tures were repeated, they were never repeated in the
same combination, for which reason the correspondence
of the sentence and picture, still had to be evaluated for
each stimulus, which, therefore differs from when the
exact same word in isolation is repeatedly presented
and the same evaluation has to be given by the partici-
pant (as was the case in for example, Rugg, 1990). Lastly,
an analysis of the first block of the experiment, before
any repetition occurred, did not give any indication that
an effect of handperspectivemight have goneunnoticed.
We, therefore, think it is implausible that the null-effect of
perspective is due to a type II error.

To summarise, this study suggests that photographs of
manual actions can quickly be integrated into a single
sentence context. Concerning the hand perspective of
the pictures, there is no neurophysiological evidence
that hand perspective seems to matter for the ease of
integration into the sentence, although it might have
effects on behavioural tasks, involving learning, memory
or comprehension. This study contributes to the literature
on how and when information from different modalities is
integrated. Even in a single context verbal and visual infor-
mation are easily integrated, but in this integration
process mental simulations in the form of a mismatching
hand perspective, might not play a role based on the neu-
rophysiological evidence presented in this study or this
role might be too small to be visualised in the N400.
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