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Abstract

The effects of transient mood states on semantic memory organization and use were investigated using event-related
potentials. Participants read sentence pairs ending with (1) the most expected word, (2) an unexpected word from the
expected semantic category, or (3) an unexpected word from a different (related) category; half the pairs were read under
neutral mood and half under positive mood. Under neutral mood, N400 amplitudes were smallest for expected items
and smaller for unexpected items when these came from the expected category. In contrast, under positive mood, N400
amplitudes to the two types of unexpected items did not differ. Positive mood seemed to speci®cally facilitate the
processing of distantly-related, unexpected items. The results suggest that transient mood states are associated with
dynamic changes in how semantic memory is used on-line. q 2001 Elsevier Science Ireland Ltd. All rights reserved.
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Empirical research concurs with the everyday intuition

that our moods in¯uence our thinking, judgment, and

perceptions. Transient, mild positive mood has been

shown to increase integrative decision-making and subjec-

tive risk assessment and to facilitate ¯exibility of thinking

and problem solving [8]. For example, Isen et al. [9] found

that participants who viewed a humorous as opposed to an

affectively neutral videotape were more successful at

solving items from Mednick's [14] remote associates test

(RAT). In this test, participants see a series of three words

(e.g. `widow, board, cat') and must ®nd a single word

related to all of them (e.g. `black'). Isen et al. [9] proposed

that positive mood increases access to remote category

associates, thereby extending the breadth of information

available for processing.

Kirson [10] extended Isen's et al. ®nding with the RAT

using two established semantic memory tasks, sentence

veri®cation and lexical decision. Subjects in both experi-

ments saw an amusing videotape (the positive mood induc-

tion) or a neutral videotape (rated as `boring' by college

students). In the sentence completion task, subjects were

shown true and false sentences that described category-

exemplar relationships (e.g. `A robin/coin is a bird.').

True sentences contained both exemplars that were a near

associate of the category word and those with a more distant

association (e.g. `A robin/parrot is a bird.'). As expected,

sentences depicting a close relationship were veri®ed as true

in less time than those describing a distant relationship. This

difference was smaller, however, with positive mood induc-

tion, as positive mood speci®cally shortened participants'

time to verify the distant sentences (Fig. 1). These ®ndings

were replicated using lexical decision. Taken together the

two experiments support the notion that the `semantic

distance' between distant exemplars and their categories

was functionally shortened in the positive mood condition.

The present study builds on the notion that transient mood

states can cause dynamic organizational changes in memory

and cognitive processing. We use event-related brain poten-

tials (ERPs) to examine when and how mood in¯uences

memory retrieval in the context of language processing.

Event-related potentials track processing from early sensory

analysis and attentional ®ltering through decision-making

and response preparation. One component in particular, a
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negativity peaking around 400 ms (N400), is highly sensi-

tive to semantic relationships, both within a local context

and in long-term semantic memory more generally (see Ref.

[6]). Changes in the organization of semantic memory as a

function of mood would thus be expected to show up elec-

trophysiologically as changes in the amplitude of the N400.

If mood's effects on cognitive processing are mediated,

instead, by more general changes in arousal or motivation,

qualitatively different electrophysiological effects would be

predicted.

Stimuli were those used by Federmeier and Kutas [6] to

examine semantic memory use during sentence processing.

132 sentence pair contexts (e.g. `They wanted to make the

hotel look more like a tropical resort. So, along the driveway

they planted rows of... ') ended with (1) the most expected

ending, as determined by cloze probability ratings

(`expected exemplars'; e.g. `palms'), (2) an unexpected

item (cloze probability , 0:05) from the expected semantic

category (`within category violations'; e.g. `pines'), or (3)

an equally unexpected item from a different, though related,

semantic category (`between category violations'; e.g.

`tulips'). Twenty-four right-handed, monolingual English-

speaking volunteers (half female; mean age 20) read these

sentences, plus 44 congruent ®llers, for comprehension.

Context sentences appeared in full on a CRT. Target-

containing sentences were then presented word by word

(two words per second) in the center of the screen, target

words for a duration of 500 ms. Participants saw each target

item and context only once, but, across participants, target

words appeared in all conditions.

Mood was manipulated using photographs from the Inter-

national Affective Picture system [3,11]. Thirty `happy'

photos (e.g. cute animals, smiling people) had a highly posi-

tive mean valence rating (7.89 on a 9 point scale; range

7.61±8.34), with a neutral arousal rating (mean 5.15 on a

9 point scale). Thirty `boring' photos (e.g. household

objects, people with neutral expressions) had a neutral

mean valence rating (4.85; range 4.69±4.98), and a some-

what calm arousal rating (mean 2.88). Each participant

viewed ®ve blocks of sentence pairs under each mood-

induced state; order of mood state and association with

experimental stimuli were counterbalanced. Mood induc-

tion at experiment start and at the half-way point involved

exposing participants to 18 mood-appropriate photos; mood

was maintained by showing three additional photos between

each experimental block. Participants were not informed

about the mood induction but instead were asked to view

the photos to later judge their `appropriateness for experi-

mental use'. The effectiveness of the mood state induction

was assessed with a written questionnaire asking partici-

pants to report how much they liked the pictures from

each set, to compare their feelings about the two sets, and

to indicate whether they felt that viewing the pictures had

in¯uenced their reading of the experimental sentences.

Almost all subjects (11 female/9 male) indicated a prefer-

ence for the `happy' over the `neutral' pictures. Eighteen of

these (11 female/7 male) reported a difference in their

emotional response to the two picture sets, and twelve (8

female/4 male) indicated that these feelings might have

in¯uenced how they read the sentences.

The electroencephalogram (EEG) was recorded from

twenty-six tin electrodes embedded in an Electro-cap, refer-

enced to the left mastoid (see icon in Fig. 2). Blinks and eye

movements were monitored via electrodes placed on the

outer canthus and infraorbital ridge of each eye. EEG was

ampli®ed with a bandpass of 0.01±100 Hz and continuously

digitized at 250 Hz. Data was re-referenced off-line to the

algebraic average of the left and right mastoids. Trials

contaminated by eye movements, excessive muscle activity,

or ampli®er blocking were rejected off-line; blink-contami-

nated trials were rejected where these were rare or, in six

participants, were corrected via a spatial ®lter algorithm [4].

ERPs were computed from 100 ms before stimulus onset to

920 ms after and averages of artifact-free trials were calcu-

lated for each target type in each mood condition after

subtraction of the pre-stimulus baseline.

Fig. 2 shows grand-average ERPs obtained under each of

the mood conditions. The pattern for neutral mood (Fig. 2,

left) replicates that previously reported by Federmeier and

Kutas [6] with no mood manipulation. Mean amplitude
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Fig. 1. Reaction times to verify true sentences as a function of the
semantic distance between exemplar and category label and the
participant's mood state during the task. Error bars indicate stan-
dard errors.

Fig. 2. ERPs to the three types of sentence endings when read
under neutral mood (left) or positive mood (right). The scalp
positions of the electrode sites shown are enlarged on the
small head icon. Negative is plotted up.



N400 responses between 250 and 500 ms were subjected to

an ANOVA with three levels of Ending Type and 26 levels

of Electrode (P-values are reported after Huynh-Feldt

correction for repeated measures with greater than one

degree of freedom). There is a main effect of Ending Type

(F�2; 46� � 17:76; P , 0:001): planned comparisons reveal

that expected exemplars are more positive than within cate-

gory violations (5.60 vs. 3.60 mV; F�1; 23� � 14:04;

P � 0:001) and within category violations more positive

than between category violations (3.60 vs. 2.58 mV;

F�1; 23� � 6:90; P � 0:015). Ending Type interacted with

Electrode for both comparisons (F�25; 575� � 3:28; P �
0:015 and F�25; 575� � 3:42; P � 0:01), so data were

normalized [13] and subjected to an ANOVA on two levels

of ending type (expected vs. within and within vs. between),

two levels of hemisphere (left vs. right), two levels of later-

ality (lateral vs. medial), and four levels of anteriority

(prefrontal vs. frontal vs. central vs. occipital). There were

no distribution effects in the normalized data; thus, once

amplitude differences have been controlled for, the data

provide no reason to believe that the spatial con®guration

of underlying neural sources varies across ending types.

For positive mood (Fig. 2, right), there is also an overall

effect of Ending Type (F�2; 46� � 14:85; P , 0:001).

However, in this case, while expected exemplars are again

more positive than within category violations (5.51 vs. 3.57

mV; F�1; 23� � 35:2; P , 0:001), within category viola-

tions and between category violations do not differ (3.57

vs. 3.22 mV; F�1; 23� � 0:63; P � 0:43). The difference

between expected exemplars and within category violations

interacted with Electrode (F�25; 575� � 4:79; P � 0:001),

while there was no interaction for the violation type compar-

ison (F�25; 575� � 1:15; P � 0:34). Again, normalized

distribution analyses revealed no signi®cant differences.

The mood-related difference in ending type pattern is

especially pronounced for the twelve female participants.

This may be because positive pictures with low arousal

generally elicit higher valence ratings in female subjects

(for this set, 8.14 for females versus 7.60 for males; [11]),

and, in fact, females in this study also were more likely to

report being aware of and affected by the mood manipula-

tion. For this group, planned comparisons reveal that posi-

tive mood speci®cally reduced the N400 (300±400 ms) to

between category violations (2.69 mV vs. 0.60 mV;

F�1; 11� � 6:11; P � 0:03) without altering the response

to within category violations (F�1; 11� � 0:04; P � 0:85)

or expected exemplars (F�1; 11� � 0:56; P � 0:47). These

effects did not interact with electrode. Male participants'

responses to the three ending types did not differ between

the two mood conditions (expected exemplars:

(F�1; 11� � 0:00; P � 0:95); within category violations:

(F�1; 11� � 0:83; P � 0:38); between category violations

(F�1; 11� � 0:02; P � 0:89)). There were also no signi®cant

effects of mood in earlier time windows (i.e. 50±150 ms

(N1), 150±250 ms (P2)) for either group. Fig. 3 shows the

pattern of N400 responses as a function of mood state for

male and female participants. Note that the neutral mood

pattern in both groups replicates Federmeier and Kutas [6]:

smaller N400s to expected exemplars than within category

violations (female: (F�1; 11� � 13:65; P , 0:01); male

(F�1; 11� � 5:16; P , 0:05)) and to within than to between

category violations (female: (F�1; 11� � 23:43; P , 0:001);

male: (F�1; 11� � 2:93; P � 0:11) ± the difference for males

alone was also only marginally signi®cant in the Federmeier

and Kutas [6] data).

Thus, we ®nd that the pattern of ERP responses to

precisely the same materials in exactly the same normal

young adults varies as a function of the mood state induced

prior to reading the sentences. In the neutral mood condi-

tion, we observe both a congruency effect, such that

expected items elicit less negativity than unexpected

items, and a category effect, such that unexpected items

which share many features in common with the expected

item elicit less negativity than equally unexpected items

from a different semantic category. This replicates the

pattern found with no mood manipulation [6] and with

initial presentation to the left hemisphere in a visual half-

®eld paradigm [5]. Following a positive mood induction,

however, there is a similar congruency effect, but the cate-

gory effect has been signi®cantly reduced if not eliminated.

Since all other factors were held constant, this difference

must be due to the nature of the pictures that the participant

had viewed just prior to reading the sentences ± and,

presumably, the mood state that these pictures induced.

We also observe that the effect of mood is speci®c, not

general. At least in female participants, we ®nd that positive

mood selectively reduces the N400 to between category

violations without altering the amplitude of the response to

the other two ending types. This is not the pattern one might

predict if mood-related effects were driven by non-speci®c

arousal or motivational factors, which, in general, have not

been found to in¯uence N400 responses (see Ref. [17]).

Furthermore, in this study mood did not signi®cantly affect

earlier ERP components (N1, P2), which are known to vary

with both arousal and attentional allocation (see Refs.

[2,7,17]). Instead, positive mood, relative to a neutral or

`bored' state, seemed to particularly in¯uence meaning

processing, as indexed by the N400. With positive mood,
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Fig. 3. Mean N400 amplitudes (300±400 ms, all channels, all parti-
cipants) for the three ending types as a function of mood state,
for both female (left) and male (right) participants. Error bars
indicate standard errors.



there was facilitated access to more distantly related seman-

tic concepts ± here, those that are not from the same semantic

category but that nonetheless shared some general features in

common with the expected item. Our data thus support

hypotheses developed from behavioral studies [9,10]

suggesting that transient mood states are associated with

dynamic changes in how semantic memory is used on-line.

The in¯uence of positive mood on semantic memory use

may arise, as suggested in a model by Ashby et al. [1],

because of changes in dopamine levels to the anterior cingu-

late and striatum that facilitate the generation and selection

of appropriate semantic properties and allow more ¯uid

switching between cognitive sets. In this study, positive

mood may have (1) allowed participants to predict a richer

set of semantic properties for upcoming items, not only

those shared in common with other category members but

also those shared with items from different but related cate-

gories and/or (2) facilitated participants' ability to ¯exibly

accommodate the unexpected and more distantly related

between category violations. Alternatively, it is possible

that positive mood alters the relative balance of left and

right hemisphere contributions to language processing.

The pattern observed with positive mood is similar to that

obtained with initial presentation to the right hemisphere

([5], though in that study the difference between the hemi-

spheres was driven by the response to within category viola-

tions). This pattern mirrors the plausibility of the items in

the sentence contexts and is thus suggestive of a processing

strategy wherein the ®t of the items to the context itself

(rather than their similarity to a predicted completion) is

key. It is possible that positive mood enhances right hemi-

sphere involvement in processing (see Refs. [12,15,16]),

such that participants adopt this more plausibility-driven ±

as opposed to predictive ± strategy.

Regardless of the precise mechanism involved, however,

these data argue convincingly that mild, transient mood

states in¯uence even well-practiced, everyday tasks like

sentence comprehension. Further, the ERP data reveal that

mood speci®cally in¯uences brain activity associated with

the retrieval and integration of word-related information

from long-term semantic memory, facilitating the proces-

sing of items more distant from those predicted in the

context. Further work will hopefully uncover more details

of the mechanism by which a picture, a smile, or a joke can

change our perceptions of, our reactions to, and our

memories of the world around us.
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