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a b s t r a c t

In several domains of psychology it has been shown that mood influences the way in which we process
information. So far, little is known about the relation between mood and processes of language com-
prehension. In the present study we explore, whether, and if so how, mood affects the processing of
syntactic anomalies in real time by recording event-related potentials (ERPs). To this aim we compared
the P600 effect to subject–verb agreement errors relative to correct sentences while ERPs were recorded
and mood was manipulated by presenting happy or sad film clips. The prediction was that if emotional
state affects processes of language comprehension this should be reflected by an interaction between
mood and P600. The results were as follows: first, the mood induction procedure was effective: partici-
pants were happier after watching happy film clips and sadder after watching sad film clips compared to
baseline. Second, for P600 a mood by syntactic correctness interaction was obtained for the midline and

lateral electrodes. The interaction reflected a broadly distributed P600 effect for the happy mood con-
dition and a strong reduction in P600 effect for the sad mood condition. Correlation analyses confirmed
that the observed changes in P600 effect were accompanied by reliable changes in emotional state. The
present ERP findings demonstrate that mood interacts with processes of language comprehension. Three
possible explanations for the mood by syntactic correctness interaction are discussed; one in terms of
syntactic processing, one in terms of heuristic processing, and one in terms of more general factors like

ion.
attention and/or motivat

. Introduction

Daily experience reveals that mood colours our perception,
hinking and decision making. Surprisingly, little is known about
hether, and if so how, mood affects language. The goal of this

rticle is to shed light on the interplay of mood and the processes
f language comprehension. Mood is defined as generalized affec-
ive states that are not directed at any particular object or event
Isen, 1993).
Research from different domains of psychology has shown that
ood influences how we process information. In particular, a happy

elative to a neutral or sad mood, facilitates, (1) creative problem
olving (e.g., Estrada, Young, & Isen, 1994; Green & Noice, 1988), (2)
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stereotyping (e.g., Fiedler, 2004; Isbell, 2004), (3) schema-guided
memory (e.g., Bless et al., 1996), (4) recall of materials from memory
(e.g., Isen, Shalker, Clark, & Karp, 1978), and (5) semantic priming
(Hanze & Hesse, 1993).

What is generally agreed upon is the notion of mood-dependent
processing styles. A positive mood is characterized by cognitive
flexibility and the ability to evaluate, using alternative cognitive
perspectives (Ashby, Turken, & Isen, 1999). Positive moods vali-
date accessible cognitions and lead to a more global, category level
of processing of information, that is, relating incoming information
to what is already known based on our world knowledge includ-
ing schemas and stereotypes (e.g., Gasper & Clore, 2002; Kimchi
& Palmer, 1982). Negative mood, on the other hand, invalidates
accessible cognitions and is characterized by local, item specific

processing, with closer attention to details (e.g., Schwarz, 2002).
In a recent review on the effects of emotion on cognition, Clore
and Huntsinger (2007) propose that many extensively studied phe-
nomena in cognitive science such as semantic priming, the global
superiority effect and false memories occur when people are in a

dx.doi.org/10.1016/j.neuropsychologia.2010.08.001
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:cvissers@ggznml.nl
dx.doi.org/10.1016/j.neuropsychologia.2010.08.001
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ositive mood, but do not arise or occur in a reduced form, when a
egative mood is present.

In line with this inclination towards global processing in a happy
ood and local processing in a sad mood, it has been shown that

appy people are more likely than sad people to use heuristics when
rocessing information. In the field of decision making, a heuris-
ic is a mental shortcut that allows people to solve problems and

ake judgments more quickly and efficiently. Heuristics are parsi-
onious because they exploit the typical environmental structure

nd only require the use of a small proportion of the available infor-
ation. As a consequence, they are fast because information search

s less computationally demanding (Gigerenzer & Goldstein, 1996;
igerenzer, Todd, & ABC Research Group, 1999). Positive mood has
een shown to increase the use of judgement heuristics. In a persua-
ion context, for instance, people in a happy mood are moderately
ersuaded by both strong and weak arguments, while people in a
ad mood are strongly persuaded by strong arguments, but not by
eak arguments (Schwarz & Clore, 2007; Schwarz, Bless, & Bohner,

991). In a similar vein, in a situation that activates a schema, peo-
le in a happy mood are more likely than those in a sad mood, to
se the schema and rely on their general knowledge structures to
ll in the blanks, when recalling the details of the situation (Bless
t al., 1996). Interestingly, even the perception of a happy emo-
ional face expression evokes top-down heuristic processing styles
n observers. Communicators with sad facial expressions, on the
ther hand, are likely to evoke a bottom-up, systematic processing
tyle in the observer (Ottati, Terkildsen, & Hubbard, 1997).

In summary, research on the interface between affect and cogni-
ion has established that sad moods promote the use of systematic,
etail oriented, bottom up strategies (which are usually very adap-
ive for problem solving), while happy moods result in more
op-down, heuristic processing styles which rely on pre-existing
nowledge structures and can lead to biases (see Bless & Schwarz,
999 for a review).

In psycholinguistics, heuristic processing implies that language
sers do not always take into account all relevant information; as
or example both syntactic as well as semantic information. Clear
upport for the use of heuristics comes from the fact that the mean-
ng people derive from a sentence often does not reflect its true
ontent. Therefore, Ferreira and colleagues (Christianson, Luke, &
erreira, 2010; Ferreira, 2003; Ferreira & Patson, 2007; Ferreira,
ailey, & Ferraro, 2002) have claimed that current models of lan-
uage are missing an architectural component that explains cases
n which strategies are exploited or heuristic processing engaged,
hat may give rise to inaccurate interpretations. In line with this, the
erm heuristics in the present article means that in some situations
anguage users do not take all relevant information into account,
yntactic as well as semantic information, but only a specific part.
s we will point out below, this part may be word order, or the
eaning of the set of lexical items, or syntactic expectation (see

lso: Van Herten, Kolk, & Chwilla, 2005; Vissers, Chwilla, & Kolk,
007).

Several lines of evidence support the existence of heuristic pro-
essing in language. A famous example in healthy participants is
he “Moses illusion” reported by Erickson and Matteson (1981).

hen participants were asked “How many of each type of animal
id Moses take on the ark?” most people responded ‘two’ with-
ut realizing that the preposition was false in that it was Noah
nd not Moses who saved the animals from the flood. Likewise,
arton and Sanford (1993) have shown that most participants do
ot notice an anomaly in a sentence like “Bury the survivor” (for a

etailed discussion of incomplete more shallow processing of lan-
uage meaning see Ferreira & Patson, 2007). Work with aphasic
atients (Saffran, Schwartz, & Linebarger, 1989) reveals that these
atients have great difficulty (as reflected by performing at chance

evel) in rejecting simple active sentences like “the painting dis-
ologia 48 (2010) 3521–3531

liked the artist”, a sentence type they have little difficulty with in
other tests.

The starting point of this article is that in language comprehen-
sion simple processing heuristics are used in addition to syntactic
algorithms (e.g., Christianson et al., 2010; Ferreira et al., 2002;
Ferreira & Patson, 2007; Van Herten, Chwilla, & Kolk, 2006; Vissers,
Chwilla, & Kolk, 2006). An important question is how these heuris-
tics and parsing systems are coordinated. Following Van Herten et
al. (2006) (see also Vissers et al., 2006) we propose that the two
routes – that is, bottom-up algorithmic syntactic processing and
top-down heuristics run in parallel and are largely independent
from one another.

In the present article we explore whether, and if so how, a par-
ticipant’s mood influences processes of language comprehension,
in particular syntactic processes and heuristics, in real time. This
was accomplished by comparing the ERP signatures to standard
syntactic anomalies (i.e., subject–verb agreement errors) to their
syntactically correct counterparts under different mood conditions
(happy vs. sad mood) using a between-subject design. The focus is
on a language-relevant ERP component, the P600, which has been
shown to be sensitive both to syntactic well-formedness and to the
use of heuristics. This is reflected by the presence of P600 effects
(i.e., an increase in P600 amplitude to syntactically incorrect words
vs. correct words) to several kinds of syntactic anomalies and as
has been shown more recently, also to semantic anomalies in syn-
tactically unambiguous sentences (Kim & Osterhout, 2005; Kolk,
Chwilla, Van Herten, & Oor, 2003; Van Herten et al., 2006; Vissers et
al., 2007 and see for reviews: Kuperberg, 2007; Van de Meerendonk,
Kolk, Chwilla, & Vissers, 2009).

In this study we presented sentences with or without
subject–verb agreement, such as (2) to different participants in a
happy mood vs. participants in a sad mood,(2)De ouders die over
hun dochter spraken’ (correct)The parents who about their daugh-
ter talked [plural] (word-by-word translation)De dochter die over
haar ouders spraken’ (incorrect)The daughter who about her par-
ents talked [plural] (word-by-word translation)

Note that the scenarios described in these sentences are equally
plausible (parents talking about their daughter vs. daughter talking
about her parents). Subject–verb agreement errors were chosen,
because these errors have been shown to reliably elicit a P600 effect
(see for a review Vos, Gunter, Kolk, & Mulder, 2001).

In experimental mood manipulation research it has been shown
that presentation of films with explicit instructions is among the
most effective means of inducing both positive and negative mood
states [see Westermann, Spies, Stahl, & Hesse (1996) who compar-
atively evaluated 11 mood induction procedures by meta-analytic
procedures]. Therefore, in the present study we manipulated par-
ticipants’ mood by presenting film clips displaying sequential
fragments from either a happy film (the animated Warner Broth-
ers’movie “Happy Feet”) or from a sad film (a drama depicting the
plight of a Polish mother during and after the second world war,
“Sophie’s Choice”).

Based on the ERP literature we predict a P600 effect to the
syntactically anomalous sentences compared to the syntactically
correct sentences (e.g., Friederici, Pfeifer, & Hahne, 1993; Hagoort,
Brown, & Groothusen, 1993; Münte, Heinze, Matzke, Wieringa, &
Johannes, 1998). The crucial question is whether the P600 effect to
syntactic anomalies is modulated by mood. If the mood manipula-
tion is successful, we can address whether a participant’s emotional
state affects online processes of language comprehension. If mood
alters processes of language comprehension, this should be indi-

cated by interactions between syntactic correctness and mood
as tapped by P600. Based on the dual-route account sketched
above, different scenarios could give rise to a mood by syntac-
tic correctness interaction. First, mood could modulate language
comprehension by increasing or decreasing the contribution of
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yntactic processing. Second, mood could modulate language com-
rehension by enhancing or decreasing the use of heuristics. As
e will argue in the discussion section, heuristic processing can be

ased on semantic expectancies, but also on syntactic expectan-
ies. With regard to the predicted direction of the P600 effect for
he second scenario, based on the emotion literature, we predict
n increase of heuristic processing for the happy mood condition
elative to the sad mood condition. Third, mood could modulate
anguage comprehension by enhancing or decreasing more general
rocesses, in particular attention and/or motivation.

. Methods

.1. Participants

Participants included 32 females,1 all were students of the Radboud University
mean age = 22 years; age range = 18–31). Inclusion criteria were as follows: only
hose participants were selected that reported no drug abuse, neurological, mental,
r chronic bodily diseases, or medication for any of these. All were native speakers of
utch, had no reading disabilities, were right-handed and had normal or corrected-

o-normal vision. Hand dominance was assessed with an abridged Dutch version of
he Edinburgh Inventory (Oldfield, 1971). Sixteen participants reported the presence
f left-handedness in their immediate family. One participant had to be excluded
rom the analyses because of excessive eye-movement artifacts.

.2. Materials

A total of 68 Dutch subject-relative sentences with center-embedded relative
lauses were presented. For each sentence, both an acceptable and an unacceptable
entence were created, yielding a total set of 136 sentences. In the unacceptable
entences, the verb ending the relative clause did not have the same grammatical
umber as its subject. This type of error is referred to as subject–verb agreement
rror.2 These sentences were derived from syntactically acceptable sentences by
witching two noun phrases. For example, in the syntactically correct sentence
De ouders die over hun dochter spraken’ (The parents who about their daughter
alked[plural]), the head of the relative clause (‘de ouders’, or ‘the parents’) and the
oun phrase in the relative clause (‘de dochter’ or ‘the daughter’) were switched. This
witch rendered the verb grammatically incorrect, because the two noun phrases
lways differed in number. In this manner, acceptable and unacceptable sentences
id not differ at the verb critical position. Half of the sentences started with a plural
oun phrase, and half started with a singular noun phrase. In addition, the grammat-

cal number of the noun phrases was crossed with sentence grammaticality. Only
hose verbs in which the past tense plural inflection involved the addition of one syl-
able (e.g., ‘sprak’ [‘talked’, 3 singular], vs. ‘spraken’ [talked, 3 plural]) were selected.
n this way, maximum discriminability between plural and singular verb-forms was
nsured, while holding the length across conditions constant.

The two versions of each sentence were counterbalanced across two lists.
ach list contained 34 subject-relative acceptable sentences and 34 subject-relative
nacceptable sentences. Sixty-eight filler sentences were added to each list: 17
cceptable right-branching sentences (e.g., ‘De soldaten vertelden over de aanval
ie zo noodlottig afliep’ — ‘The soldiers told about the attack that so fatally ended’),
7 right-branching sentences with a subject–verb agreement error at the verb end-

ng the sentence (e.g., ‘De badmeester gebaarde naar de zwemmers die te ver ging’ —
The bath superintendent gestured to the swimmers who too far went [3 singular]’),
7 acceptable conjunctions (e.g., ‘De rover sprong voor de reizigers en versperde hen
e weg’ — ‘The robber jumped in front of the travellers and barred them the way’),
nd 17 conjunctions with a subject–verb agreement error at the verb right after the
onjunction (e.g., ‘De klant snauwde tegen de verkoopsters en verlieten kwaad de
inkel’ — ‘The client snapped at the salesgirls and left [3 plural] angrily the shop’).

or each of the two lists, the experimental and filler sentences were mixed in the
ame pseudo-random order with the conditions evenly distributed over lists.

.3. Procedure
Participants were seated in an enclosed room. Sentences were presented in serial
isual presentation mode at the center of a PC monitor. Word duration was 345 ms
nd the stimulus-onset asynchrony (SOA) was 645 ms. Sentence final words were
ollowed by a full stop. The inter-trial interval was 2 s. Words were presented in black
apitals on a white background in a 9 cm by 2 cm window at a viewing distance

1 The reason for choosing female participants was that a previous ERP study sug-
ested that females are more sensitive to mood-induction than male participants
Federmeier, Kirson, Moreno, and Kutas, 2001).

2 These sentences were also used in Kolk et al. (2003) paper, where these
ubject–verb agreement errors are shown to reliably elicit a centroparietally dis-
ributed P600 effect.
ologia 48 (2010) 3521–3531 3523

of approximately 1 m. Each sentence was preceded by a fixation cross (duration
510 ms) followed by a 500 ms blank screen.

Participants were instructed to attentively read each sentence for comprehen-
sion. To make sure that the participants would actively read the sentences, they were
told that questions would be asked about the sentences at the end of the experiment.

The list was split up into 3 blocks; with a pause between blocks, during which
booster film fragments were presented (see Section 2.3.1) and each block was
preceded by two filler items. Because eye movements distort the EEG recording,
participants were trained to make eye movements, e.g., blinks, only in the period
that the prompt was present (stimulus duration was 2295 ms). Prompt offset was
followed after 705 ms by a fixation cross indicating the start of the next trial.

2.3.1. Mood induction procedure
Immediately before the EEG recording, the mood induction procedure was ini-

tiated with the first of affective film clips and explicit instructions to go into and
maintain the experimental mood. New clips were also shown in sequential order
between blocks of the sentence comprehension task. These clips either displayed
fragments from a happy movie or a sad movie (see also Westermann et al., 1996). The
happy movie fragments were cut from the Warner Brothers’ movie Happy Feet; the
sad movie fragments were cut from the second World War movie Sophie’s Choice.
The clips used showed unambiguous, unipolar emotions and affective situations, and
participants were urged to use these to help them enter the specified mood. Partic-
ipants were randomly assigned to either the happy or the sad mood condition. Pilot
work established that these sets of video clips were effective in inducing positive
and negative mood, respectively (Fitzgerald, personal communication). The length
of the film clips varied between 2.48 and 7.27 min, with a mean length of 5.41 min
for the happy mood condition and 5.47 min for the sad mood condition. In total we
presented three film clips to make sure that the induced happy or sad mood would
be maintained throughout the entire experiment. Before and after watching each
of the three film fragments participants rated their own mood on a visual-analogue
scale ranging from ‘extremely sad’ (−10) to ‘neutral’ (0) to ‘extremely happy’ (+10).
Participants indicated their mood rating by moving a cursor on a keyboard to the
level corresponding with their current mood.

There were two reasons why we manipulated mood between subjects: first,
based on our pilot study we were skeptical about switching on and off a positive vs.
negative mood within a single recording session. Second, although it would have
been possible to invite the same group of subjects to a second recording session this
would have resulted in repetition of the critical stimulus materials. As it can take
a long time before stimulus repetition to vanish (Cave, 1997) and given that late
positivities are sensitive to stimulus repetition (Olichney et al., 2006) we preferred
not to present the language materials twice.

2.4. EEG data acquisition and analyses

EEG was recorded with 27 tin electrodes mounted in an elastic electrode cap
(Electrocap International). The electrode positions included standard International
10–20 system locations over the left and right hemispheres at the frontal (F3, F4, F7
and F8), midline (Fz, Cz, Pz, Oz), parietal (P3, P4) and temporal (T5, T6) sites. Eight
extra electrodes were placed at the frontal (F3A, FZA, F4A, F7A, F8A), midline (OZ) and
parietal (P3P, P4P) sites. In addition, eight electrodes were placed at non-standard
electrode positions previously found to be sensitive to language manipulations (e.g.,
Holcomb & Neville, 1990): left and right anteriortemporal sites (LAT and RAT: 50%
of the distance between T3/4 and F7/8), left and right temporal sites (LT and RT:
33% of the interaural distance lateral to Cz), left and right temporoparietal (LTP and
RTP: Wernicke’s area and its right hemisphere homologue: 30% of the interaural
distance lateral to a point 13% of the nasion–inion distance posterior to Cz), and left
and right occipital sites (OL and OR: 50% of the distance between T5/6 and O1/2).
The left mastoid served as reference. Electrode impedance was less than 3 k�. The
electro-oculogram (EOG) was recorded bipolarly; vertical EOG was recorded by plac-
ing an electrode above and below the right eye and the horizontal EOG was recorded
via a right to left canthal montage. The signals were amplified (time constant = 8 s.,
bandpass = 0.02–30 Hz), and digitized online at 200 Hz. Presentation of stimuli and
recording of performance data was accomplished by a Macintosh computer. EEG
and EOG recordings were examined for artifacts and for excessive EOG amplitude
(>100 �V) extending from 100 ms before the onset of the critical verb ending the
relative clause to 1000 ms following its onset. Averages were aligned to a 100-ms
baseline period preceding the critical verb.

Quantification of ERP components: Based on previous studies using the same
or similar materials (Kolk et al., 2003; Van Herten et al., 2005), mean amplitudes
were calculated in the time window of 600–800 ms to capture P600 effects. We also
checked for possible mood by correctness interactions for earlier ERP components
preceding P600. This was determined by performing additional analyses for the P1
and N1 components generally taken to reflect perceptual and attentional process-
ing, respectively (Mangun & Hillyard, 1991; Mangun, 1995). A mood by correctness

interaction for the earlier ERP components (P1 and N1) would support the view that
the mood induction procedure led to differences in early perceptual and/or atten-
tional processes between participants in the happy vs. sad mood condition. The P1
was measured in the standard 125–175 ms time window, and the N1 in the standard
175–225 ms time window. In addition, supplementary analyses were performed for
the N400 (measured in the 300–500 ms time window), highly sensitive to seman-
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Table 1
Mean mood scores (SD) for the baseline measurement and after the first film clip,
for both the happy mood condition and the sad mood condition.

F
s
u

ig. 1. Mean mood rating scores ranging from −10 (indicating “extremely sad”)
o +10 (indicating “extremely happy”) for the three film fragments comprising the

ood induction procedure (MIP) separately for the participants assigned to the two
ood conditions (happy mood condition vs. sad mood condition).

ic processes (e.g., Chwilla & Kolk, 2003; Kutas & Federmeier, 2000), to investigate
hether the mood manipulation affected semantic processing.

The ERP data for all components were analyzed using repeated-measure
NOVAs performed on the mean amplitude of the ERPs relative to a 100 ms pre-
timulus baseline. For all time windows, separately for the midline and the lateral
ites, repeated-measure ANOVAs were conducted with correctness (correct vs.
ncorrect) as a within subject factor and mood (happy vs. sad) as a between sub-
ect factor. For the midline sites the additional factor was site (Fza, Fz, Cz, Pz, Oz).
o further explore the scalp distribution of the ERP effects for the lateral sites we
sed a region of interest (ROI: anterior vs. posterior) by hemisphere by lateral site
F7a/F3a/F7/F3 vs. P3/P3p/T5/OL vs. F8a/F4a/F8/F4 vs. P4/P4p/T6/OR) design. Rel-

vant interactions with site and correctness and mood were followed up by post
oc Newman-Keuls’ tests to assess the significance of contrasts. The multivari-
te approach to repeated measurements was used to avoid problems concerning
phericity (e.g., Dien & Santuzzi, 2004; Vasey & Thayer, 1987).

To test whether the in the present study reported modulations in P600 ampli-
ude by mood (happy vs. sad), were indeed accompanied by changes in emotional

ig. 2. Grand ERP averages for the happy mood condition, time-locked to the onset of the
ites and a representative subset of lateral sites. The dashed rectangles indicate the time w
pwards.
Baseline mood score Mood score after first film clip

Happy mood 4.53 (3.2) 6.40 (2.0)
Sad mood 3.27 (2.4) −1.13 (3.3)

state, supplementary correlation analyses were performed, with size of the P600
effect and mean mood rating (computed over three mood ratings per subject) as
factors.

3. Results

3.1. Effectiveness of the mood induction procedure

As Fig. 1 shows and supported by the statistical analyses
reported below, the Mood Induction Procedure effectively induced
the intended mood. That is, after watching happy film clips, par-
ticipants were significantly happier than after watching sad film
clips (all ps < .05). Similarly, after watching sad film clips, partic-
ipants were significantly sadder, than after watching happy film
clips (all ps < .05). Furthermore, a significant difference in mood
scores between happy and sad mood condition was present after
each of the film clips. See Table 1 for the mean mood scores in the
happy and the sad mood condition after the first film clips, respec-
tively. As evident form Fig. 1, there were no differences in mood
scores before film clips were presented (baseline measurement).

3.2. Event-related potentials
The grand mean ERPs to the critical verbs are presented in Fig. 2
for the happy mood condition and in Fig. 3 for the sad mood con-
dition. As can be seen in these figures, the critical verbs elicited
a negativity peaking at about 200 ms (N1) and a positivity peaking
around 250 ms after the critical verb (P2) which were both maximal

critical verb superimposed for the two levels of syntactic correctness for all midline
indow (600–800 ms) in which P600 amplitude was measured. Negativity is plotted
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ig. 3. Grand ERP averages for the sad mood condition, time-locked to the onset of
ites and a representative subset of lateral sites. The dashed rectangles indicate the t
pwards.

t the occipital sites. These components were followed by a broad
egative wave in the 250–500 ms epoch, peaking at about 350 ms,
he N400, which was largest at central and posterior sites. It is well
nown that the N400 component is elicited by each open class word
e.g., Kutas & Van Petten, 1994). Inspection of the waveforms sug-
ests that no N400 effect (i.e., more negative-going amplitudes to
orrect than incorrect verbs) was obtained.

The most distinguishing feature of the waveforms was a slow
ositive shift starting at about 600 ms and extending up to 1000 ms,

argest at central and posterior sites.
In the happy mood condition, the amplitude of this positive

hift seemed to be modulated by correctness, with larger (i.e.,
ore positive) amplitudes for syntactically incorrect verbs than

or syntactically correct verbs. This positivity resembles the P600
licited by syntactic anomalies (e.g., Hagoort et al., 1993; Osterhout
Holcomb, 1992; Osterhout & Mobley, 1995). Visual comparison

f the ERP signature to syntactically incorrect verbs in the happy
ood condition and in the sad mood condition suggests that a P600

ffect is only elicited in the happy mood condition while no or a
trongly reduced P600 effect appears to be present in the sad mood
ondition.

.3. Statistical analyses

About 4% of the trials were excluded from the analyses because
f artifacts; of which 2% belonged to the happy mood condition and
% to the sad mood condition.
.4. P600 window (600–800 ms)

Main effects of correctness for the midline sites (F(1,29) = 7.55,
< .02) and for the lateral sites (F(1,29) = 6.55, p < .02), reflected

hat overall mean amplitudes were more positive for syntactically
itical verb superimposed for the two levels of syntactic correctness for all midline
indow (600–800 ms) in which P600 amplitude was measured. Negativity is plotted

incorrect sentences than for syntactically correct sentences. No
significant main effect of the between-subject factor mood was
obtained (Fs < 1). Most important for our present purposes, how-
ever, a significant correctness by mood interaction was present
for both the midline (F(1,29) = 5.43, p < .03) and the lateral sites
(F(1,29) = 7.33, p < .02). Therefore, separate analyses were per-
formed for the two levels of mood (happy vs. sad).

3.4.1. Happy mood condition
Effects of correctness for the happy mood condition were

obtained for the midline sites (F(1,14) = 9.94, p < .01) and lateral
sites (F(1,14) = 17.05, p < .01). These main effects reflected that
mean P600 amplitude was larger for the syntactically incorrect than
for the syntactically correct verbs (2.96 and 1.18 �V, respectively,
across all sites).

The midline analysis yielded a correctness by site interaction
(F(4,11) = 3.80, p < .05). Follow up single site analyses revealed
larger P600 amplitudes for syntactically incorrect verbs than cor-
rect verbs at all sites (ps < .05), except for Fza.

The lateral analyses revealed interactions between correctness
and hemisphere (F(1,14) = 4.65, p < .05) and between correctness
and site (F(4,11) = 5.10, p < .02). Separate analyses for the two hemi-
spheres, revealed larger P600 amplitudes for incorrect verbs than
for correct verbs for both the left hemisphere (F(1,14) = 17.90,
p < .002) and the right hemisphere (F(1,14) = 15.55, p < .002). Follow
up single site analyses indicated larger P600 amplitudes to incor-
rect verbs than correct verbs at bilateral temporal and posterior
sites (Lt, Rt, Ltp, Rtp, P3, P4, T6, P3p, P4p, Ol and Or, ps < .05) and at

two frontal sites (F3 and F4, ps < .05).

3.4.2. Sad mood condition
No main effects of correctness neither for the midline nor for

the lateral sites were found (Fs < 2: mean amplitude after incorrect
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In different areas of psychology, like in the fields of decision
making and semantic memory, evidence has accumulated that a
participant’s emotional state modulates the style of information
processing. Yet, little is known about whether, and if so how, mood
ig. 4. Pearson correlations on an idealized head, looking down, nose at the top, be
he set of electrodes that showed significant P600 effects.

erbs and after correct verbs were 2.34 �V and 2.31 �V, respec-
ively, across all sites). For the lateral analysis interactions of
orrectness by site (F(4,12) = 3.48, p < .05) and of correctness by
egion of interest (F(1,15) = 9.47, p < .01) were found. Separate anal-
ses for the two regions of interest (anterior vs. posterior), only
evealed a trend towards an effect of correctness for the posterior
ites (F(1,15) = 2.57, p = .13). Follow up single site analyses revealed
he presence of a P600 effect for two posterior sites (P3p and P4p,
s < .05).

.5. Results for early ERP components

To check for possible mood by correctness interactions for ear-
ier components, analyses were also performed for the P1, N1 and
400.

.5.1. P1 (125–175 ms) and N1 window (175–225 ms)
For the P1 and N1 no main effects of correctness [midline

ites (Fs < 1); lateral sites (Fs < 2)] or effects of mood were present
midline sites (Fs < 2); lateral sites (Fs < 1)]. Most importantly, no
wo-way interactions with mood and/or correctness or other inter-
ctions of electrode and/or hemisphere that could have pointed at
ifferences between conditions as a function of mood were present
or the midline (Fs < 2) nor for the lateral sites (Fs < 3.5).

.5.2. N400 window (300–500 ms)
For the N400, no main effects of correctness were present [mid-

ine sites (F < 1.5); lateral sites (F < 1)]. In addition, no main effect
f mood was obtained neither for the midline sites nor for the lat-

ral sites (Fs < 1.5). Above all, no two-way interactions with mood
nd/or correctness or other interactions of these factors with elec-
rode and/or hemisphere that could have pointed at differences
etween conditions as a function of mood were obtained [midline
ites (Fs < 2); lateral sites (Fs < 1.5)].
the size of the P600 effect and the mood ratings, for the happy mood condition for

3.6. Correlation analyses

Correlation analyses for the happy mood condition, revealed sig-
nificant correlations (Rs > . 52, all ps < .05) between the size of the
P600 effect and the mood ratings.3 With correlations ranging from
.52 up to .81, at least 27% up to 66% of the variation in size of P600
is accompanied by variations in emotional state. See Fig. 4 for the
(Pearson) correlations for the happy mood condition for the set
of electrodes that showed a significant P600 effect. These analyses
show that the happier the mood, the larger the P600 effect. See also
Fig. 5 for the modulation of P600 by mood at the vertex (Cz) which
typically shows maximal P600 effects.

In addition, correlation analyses for the sad mood condition
show significant correlations between the size of the P600 effect
and the mood ratings (Rs between .57 and .61, ps < .05). Hence, at
least 33% up to 37% of the variation in size of P600 was accompanied
by variations in emotional state. See Fig. 6 for the (Pearson) corre-
lations for the sad mood condition for the set of electrodes that
showed a significant P600 effect. These correlations reveal that the
smaller the P600 effect, the sadder the mood. See also Fig. 7 for
modulation of the P600 effect by mood at one left posterior site
(P3p).

4. Discussion
3 The size of the P600 effect was computed by the difference in amplitude to
correct verbs and to incorrect verbs; this difference score was computed for every
single electrode and for every subject.
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Fig. 5. The size of the P600 effects was highly correlated with the mean mood
r
t
r

a
m
h
e
2

independent of each other (Van Herten et al., 2006; Vissers et al.,

F
s

atings. The scatter diagram shows strong relations between the P600 effect of syn-
actic correctness and emotional state at the vertex (r = .70, p < .05). The best-fitting
egression line is also plotted.

ffects processes of language comprehension in real time. Recent

odels of language comprehension claim that simple processing

euristics are used next to syntactic algorithms (e.g., Christianson
t al., 2010; Ferreira & Patson, 2007; Van de Meerendonk et al.,
009). Following dual-route models of reading we propose that the

ig. 6. Pearson correlations on an idealized head, looking down, nose at the top, between
et of electrodes that showed significant P600 effects.
Fig. 7. The size of the P600 effects was highly correlated with the mean mood rat-
ings. The scatter diagram shows strong relations between the P600 effect of syntactic
correctness and emotional state at P3p (r = .61, p < .05). The best-fitting regression
line is also plotted.

syntactic algorithm and heuristics run in parallel and are largely
2006).
The main goal of the present article was to test whether

mood affects processes of language comprehension, in partic-
ular syntactic processing and/or the use of heuristics. To this

the size of the P600 effect and the mood ratings, for the sad mood condition for the
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that a conflict between a syntactically correct, expected representa-
tion and a syntactically incorrect, unexpected representation of the
verb triggers reanalysis to filter out possible processing errors. This
reanalysis is reflected by the P600 (see also Van de Meerendonk
528 C.Th.W.M. Vissers et al. / Neur

im, we tested for an interaction between mood and the P600
omponent, which has been shown to be sensitive to both syn-
actic well-formedness and to semantic context (see for a review
uperberg, 2007). We presented participants with standard syn-

actic anomalies (subject–verb agreement errors) and induced
ifferent emotional states (happy vs. sad emotional state) by pre-
enting subsequent short film clips from a happy movie or a sad
ovie. We predicted that, if mood affects processes of language

omprehension this should be indicated by an interaction between
yntactic correctness and mood, as tapped by P600.

The behavioral results of the present study were as follows. First,
s indicated by the analyses of the mood ratings, the intended mood
as successfully induced by presenting happy or sad film clips. Par-

icipants were in a significantly happier mood after watching the
appy film clips and they were in a significantly sadder mood after
atching the sad film clips. These behavioral results demonstrate

hat our mood induction procedure was successful in that it induced
he intended mood.

With these data in hand we can address the question whether
ifferences in emotional state affect syntactic and/or heuristic pro-
essing in language comprehension. The main ERP results were as
ollows. A significant syntactic correctness by mood interaction was
resent for both the midline and the lateral sites. These interactions

ndicate a broadly distributed P600 effect for the incorrect verbs in
he happy mood condition and a strong reduction in P600 effect
fter the same incorrect verbs in the sad mood condition. More
pecifically, in the happy mood condition a P600 effect was present
t temporal, (temporo)parietal, posterior parietal, occipital and two
rontal sites. In contrast, in the sad mood condition, the P600 effect
as only present at two posterior sites.

Correlation analyses were performed to verify whether the
odulations in the size of the P600 effect between the two mood

onditions are accompanied by changes in emotional state. The
esults of the correlation analyses show that the P600 modulation
etween conditions goes together with reliable changes in emo-
ional state. Specifically, these analyses both for the happy mood
ondition and for the sad mood condition reveal significant correla-
ions between the size of the P600 effect and reported mood. In the
appy mood condition the correlations reveal that the happier the
articipant, the larger the P600 effect. The high correlations in the
appy mood induction condition indicate that at least 27% up to 66%
f the variation in the size of the P600 effect was associated with
hanges in emotional state as reflected by the mood scores. Simi-
arly, for the sad mood induction condition the correlations show
hat the sadder the participant, the smaller the P600 effect. The high
orrelations in the sad mood condition indicate that about 35% of
he variation in the size of the P600 was accompanied by variations
n mood scores. In brief, the results of the correlation analyses are
onsistent with our proposal that emotional state is an important
actor and may play a causal role in explaining the different P600
attern as a function of mood reported in the present study.

To our knowledge this is the first report of a modulation of
he P600 effect to syntactic anomalies by mood. Given that the
600 is sensitive to syntactic well-formedness, to heuristics and to
ore general factors like attention, three different scenario’s could

nderlie the present P600 results.
The first scenario is that mood selectively affected syntactic

rocessing. Manipulations of syntactic structure are well-known
o elicit a P600; the P600 effect is proposed to reflect syntac-
ic reanalysis (Friederici, 1995; Osterhout, Holcomb, & Swinney,
994), syntactic processing as such (Hagoort et al., 1993) or syntac-

ic integration difficulty (Kaan, Harris, Gibson, & Holcomb, 2000).
ccording to this scenario, the reduction in P600 effect for the
ad mood as compared to the happy mood condition could reflect
educed syntactic processing. Another possibility is that happy
ood leads to an increase in syntactic processing.
ologia 48 (2010) 3521–3531

The second scenario is that mood selectively affects the use of
heuristics. According to this scenario, the reduction of the P600
effect in the sad mood condition relative to the happy mood con-
dition could reflect reduced use of heuristics, whereas the increase
in P600 effect for the happy mood could be due to an increased
use of heuristics. In previous ERP studies, we have shown that the
P600 is sensitive to heuristics as it was reliably triggered by seman-
tic reversal anomalies (‘the fox that shot the poacher’: Kolk et al.,
2003; Vissers et al., 2007) and even by right out semantic anomalies
(Kuperberg, Sitnikova, Caplan, & Holcomb, 2003). Another heuris-
tic is the canonical ‘word order strategy’ (Bever, 1970; Bever, Sanz,
& Townsend, 1998; Townsend & Bever, 2001). According to this
heuristic a noun phrase preceding a verb is taken as the subject of
that verb. Similarly, a noun phrase following a verb is taken to be
the object of the verb. Since this order is present in the majority
of sentences in the English language, this is a very advantageous
strategy.

But how could heuristics account for the present modulation
in P600 effect? One functional view on the P600, the monitor-
ing hypothesis, offers a possible answer (see for a review, Van de
Meerendonk et al., 2009). According to the monitoring hypothesis,
when a strong expectation conflicts with what is actually observed,
a reanalysis is triggered to check the input for processing errors
which is reflected by the P600. For example, in semantic anoma-
lies, like ‘The fox that shot the poacher’ heuristics and syntactic
algorithms produce different thematic interpretations. Whereas
the heuristic based on world knowledge leads to the interpreta-
tion that the poachers shot the foxes, the parsing routine leads to the
interpretation that the foxes shot the poachers. This conflict between
the semantically plausible, expected thematic interpretation and
the implausible thematic interpretation makes it necessary for the
brain to re-attend the unexpected linguistic unit to verify its veridi-
cality. Van Herten et al. (2006) reported a P600 effect in response to
these semantic anomalies taken to reflect this process of reanalysis.

The question remains how heuristics could play a role in the
processing of subject–verb agreement errors tested in the present
study. Earlier ERP results provide strong evidence for the claim that
a conflict between an expected representation based on heuristic
processing and an unexpected representation triggers a P600 effect
at the sentence level (Vissers et al., 2007), at the word level (Vissers
et al., 2006) and even at the conceptual level (Vissers, Chwilla, Van
de Meerendonk, & Kolk, 2008). In other words, there is evidence
that the P600 evoked by semantic violations reflects heuristic pro-
cessing based on the degree of semantic expectation set up by the
context (i.e., semantic expectancy; Kolk et al., 2003; Van Herten
et al., 2005, 2006; Vissers et al., 2007). In the present study, we
propose that heuristics can also be based on syntactic expectancy.
The underlying rationale is that a reader’s default expectation is for
sentences to be grammatical (Coulson et al., 1998a, 1998b). After
all, despite that language comprehension and speech are highly
complex processes, grammatical comprehension and speech errors
are very rare.4 Also when reading syntactically incorrect sentences,
based on heuristic processing the expected syntactically correct
interpretations of these sentences is accessed. Based on the expec-
tation for a syntactically correct sentence a conflict will be triggered
when readers encounter an ungrammatical inflection. We propose
4 For instance, Garnham, Shillcock, Brown, Mill, and Cutler (1981) found a total
number of 191 slips of the tongue (including grammatical speech errors) in a text
corpus of 200,000 words; this is no more than about one speech error per thousand
words.
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t al., submitted for publication).5 The observed modulation of the
600 to subject–verb agreement errors by mood, therefore could
e due to the use of heuristics. As pointed out in the Introduction,
ased on the emotion literature, we predicted that happy people
ould be more inclined to rely on heuristics than sad people. More

pecifically, people in a sad mood, process the sentences more sys-
ematically and with a greater focus on detail. It is therefore less
ecessary for participants in a sad mood to reanalyze the sen-
ence after an incorrect verb inflection, which could be reflected
n a strong reduction of the P600 effect. People in a happy mood
n the other hand, are more inclined to use heuristics. Based on
euristics the reader expects a correct verb; a conflict arises when
n unexpected incorrect verb is encountered. This conflict between
he expected and the unexpected verb inflection triggers the brain
o reanalyse the linguistic input, which could be reflected by the
idely distributed P600 effect observed for the happy mood con-
ition.

To decide whether syntactic processing, or heuristic processing
r a combination of both, give(s) rise to the interaction between
ood and syntactic correctness observed in the present article,

uture studies are needed. To this aim, the effects of mood (happy
s. sad) on the processing of syntactic violations and the effects
f mood on the processing of heuristic violations (e.g., semantic
eversal anomalies) have to be compared directly. This comparison
ill allow a further determination of the locus of the mood effects

y separating the effects of mood on syntactic processing from the
ffects of mood on heuristic processing.

The third scenario is that mood could have affected the process-
ng of syntactic anomalies via more general factors like attention
nd/or motivation. There are two possibilities: attention could
ither modulate early ERP effects (Mangun, 1995), or later ERP com-
onents, like N400 or P600. With respect to the first possibility the
esults of the supplementary analyses for early ERP components
ensitive to perceptual and attentional processes (the P1 and N1,
espectively) show no differential effects of mood. With respect to
he second possibility the supplementary analyses also indicated
hat the N400, which precedes the P600 and is sensitive to seman-
ic processing, was not modulated by mood. However, the mood by
yntax interaction observed for the P600 could reflect attentional
rocessing, as it has been show that the depth of processing, mod-
lates both the amplitude of the N400 (Chwilla, Brown, & Hagoort,
995) and of the P600 (Gunter & Friederici, 1999). A possible way
o shed light on the influence of attentional factors in bringing
bout the mood effects reported in the present study, would be by
xploiting a levels of processing framework. In particular, one could
ompare the effects of mood on processing of syntactic anomalies
n a shallow processing task with those in a deep processing task
see e.g., Gunter & Friederici, 1999).

Besides attention, motivation could underlie the observed mood
y correctness interaction. In particular, one could argue that differ-
nces in motivation give rise to the observed P600 pattern: people
n a happy mood could be more motivated to read sentences, while
eople in a sad mood could be less motivated to read sentences.
ith the data at hand we cannot tease apart the effects of mood

rom the effects of attention and/or motivation. However, we would

ike to point out that one may expect that motivational differences

ould lead to differences in early attentional processing. Put differ-
ntly, if people are highly motivated it is likely that this enhances
heir attention to the sentences. Support for this general idea comes

5 P600 is not triggered after all syntactic anomalies. According to the monitoring
ypothesis P600 is only triggered after strong violations of expectancy at different

evels of cognitive processing. So, the process of control is not always active but only
ecomes so when bottom-up information signals the presence of a conflict (Van de
eerendonk et al., 2009).
ologia 48 (2010) 3521–3531 3529

from research with monkeys, which shows that both attention and
motivation influence the reaction times of monkeys in response to
visual targets. Although both attention and motivation are assumed
to affect behavior, it is not yet clear how these systems interact
(Engelmann, Damaraju, Padmala, & Pessoa, 2009). Engelmann and
Pessoa (2007) provided evidence that motivation indeed appears
to sharpen exogenous spatial attention; specifically, the results of
this study indicate that elevated motivation leads to improved effi-
ciency in orienting and reorienting of exogenous spatial attention.
In the present study, the absence of a modulation of the early atten-
tional processes by mood, therefore, is taken to speak against a
possible contribution of motivational factors to the present ERP
data. Nevertheless, future studies are clearly needed to tease apart
the effects of mood and attention and or motivation in language
comprehension. One possible way to do this is by manipulating the
factor motivation (no reward vs. financial reward in case of correct
performance), besides the factor mood (happy vs. sad, induced by
video fragments).

More generally we would like to point out that in the emotion
literature it is commonly agreed upon that differences in mood do
not lead to quantitative differences in cognitive processing or to
a general attenuation of cognitive processes. Conversely, there is
firm evidence that differences in mood lead to qualitative differ-
ent strategies and that mood-dependent processing styles exist;
for example, happy people are inclined to global, category level
of processing information while sad people are inclined to local,
item specific processing (e.g., Schwarz, 2002). Hence, sad moods
do not lead to less cognitive processing (e.g., decrease in motiva-
tion) and happy moods do not lead to more cognitive processing
(e.g., increase in motivation).

In the present article we explored the influence of a partici-
pant’s emotional state, in particular of a positive vs. negative mood,
on the comprehension of neutral, nonaffective language (i.e., the
processing of words and sentences), on P600, a late centropari-
etally distributed positivity. Studies on the electrophysiological
responses to emotionally evocative language (affectively positive
or negative words) also reported a late positivity with a centropari-
etal maximum in response to words with affective meanings (see
for example, Kissler, Assadollahi, & Herbert, 2006; Williamsen,
Harpur, & Hare, 1991, and see Fisschler & Bradley, 2006, for a
review). This late positivity has been reported as an index of emo-
tional processing. It has been found to be selectively enhanced only
during the processing of pleasant words compared to neutral and
unpleasant words (Herbert, Kissler, Junghofer, Peyk, & Rockstroh,
2006; Schapin, Gusev, & Kuhl, 2000). In contrast with these results,
the late positivity has also been reported to be larger for neg-
atively valenced words than for positively valenced words (e.g.,
Holt, Lynn, & Kuperberg, 2009; Kanske & Kotz, 2007). The latter
finding is in line with the ‘negativity bias’ hypothesis. Following
this hypothesis, negatively valenced stimuli trigger more cogni-
tive processing than positively valenced information (Ito, Larsen,
Smith, & Cacioppo, 1998). What the present ERP results unveil
is that the participants’ emotional state, in particular being in a
happy or in a sad mood, affects the processing of neutral words
and sentences, as reflected by a late positivity referred to here as a
P600.

5. Conclusion

To our knowledge this is the first study that demonstrates effects

of mood on the online processing of syntactic anomalies as tapped
by P600. We have presented three different explanations for the
modulation of the P600 effect by mood, one in terms of syntactic
processing, one in terms of heuristic processing and one in terms
of more general factors like attention and/or motivation. Future
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tudies are clearly needed to further determine the locus of the
ffects of mood on language comprehension.
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