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INTRODUCTION

A metaphor is a figure of speech in which a subject is symbolic of another unrelated object.
In the present study, we examined neural patterns associated with both novel unfamiliar
and conventional familiar metaphoric processing, and how these patterns are modulated
by affective valence. Prior to fMRI scanning, participants received a list of word pairs (novel
unfamiliar metaphors as well as conventional familiar metaphors) and were asked to denote
the valence (positive, negative, or neutral) of each word pair. During scanning, participants
had to decide whether the word pairs formed meaningful or meaningless expressions.
Results indicate that participants were faster and more accurate at deciding that positively
valenced metaphors were meaningful compared to neutral metaphors. These behavioral
findings were accompanied by increased activation in the medial prefrontal cortex (mPFC),
posterior cingulate cortex (PCC), and the right inferior parietal lobe (RIPL). Specifically,
positively valenced novel unfamiliar metaphors elicited activation in these brain regions in
addition to the left superior temporal gyrus when compared to neutral novel metaphors.
We also found that the mPFC and PCC mediated the processing of positively valenced
metaphors when compared to negatively valenced metaphors. Positively valenced con-
ventional metaphors, however, elicited different neural signatures when contrasted with
either neutral or negatively valenced conventional metaphors. Together, our results indicate
that positively valenced stimuli facilitate creative metaphoric processes (specifically novel
metaphoric processes) by mediating attention and cognitive control processes required
for the access, integration, and selection of semantic associations via modulation of the
mPFC. The present study is important for the development of neural accounts of emotion-
cognition interactions required for creativity, language, and successful social functioning in
general.
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An alternative metaphoric model, the sequential metaphoric

A metaphor is a figure of speech that describes a subject by stating
that it is comparable to another unrelated object (i.e., Her eyes were
glistening jewels). Metaphors are pervasive in everyday life; they
are universal and ubiquitous across cultures and are essential for
successful communication and social interactions (Gibbs, 1994).
Metaphoric comprehension is considered a type of creative cog-
nition which involves at least two processing stages, unlike literal
utterances which involve only one stage (Giora, 2007). According
to the standard pragmatic model (Grice, 1975), when trying to
derive meaning from metaphors, the literal interpretation is first
computed and rejected as inappropriate, and is then replaced with
a non-literal figurative meaning. Thus, metaphoric comprehen-
sion involves distinct higher-order processes of understanding and
experiencing one thing in terms of another (i.e., in the example
above, eyes are experienced as jewels).

model of Grice (1975) and Glucksberg (2003), suggests that dur-
ing metaphoric comprehension, the literal meaning does not have
unconditional priority over the figurative metaphoric interpre-
tation and that the figurative meanings can be computed in the
same manner as literal meanings. In other words, metaphors (e.g.,
that fighter is a lion) are taken literally as categorical assertions by
inclusion of the topic (i.e., fighter) as a member of a superordinate
category exemplified by the vehicle (lion). A different approach
highlights the similarity between metaphors and analogies, both
of which are based on structural mapping (Gentner, 1983). Gen-
tner’s (1983) structural mapping model assumes that the common
properties of the topic and the vehicle terms are identified and
extracted and are then exhaustively checked against one another
so that the properties that “match” can serve as the foundation for
the metaphor.
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According to a third model, the Gradient Salience Hypothesis
(Giora, 1997,2003), metaphoric processing is modulated by mean-
ingsalience, which is determined by the conventionality, frequency,
and familiarity of the words. Taking all these models into account,
in our prior study, we examined whether metaphoric compre-
hension is computed in a similar manner to literal meanings
or whether metaphoric comprehension involves more complex,
higher-order processing (Subramaniam et al., 2012). Specifically,
we assessed processes related to conventional (familiar) metaphors
(e.g., brain freeze) as well as novel (unfamiliar) metaphors (e.g.,
unfenced idea) (Fraser, 1998). Conventional metaphoric pro-
cessing involves recalling a familiar closely connected meaning
(Amanzio et al., 2008). By contrast, novel metaphoric processing is
a type of creative cognition that involves formulating new mean-
ings from unfamiliar expressions that have not been previously
encountered (Subramaniam et al., 2012). In the case of conven-
tional metaphors in which the metaphorical meaning represents
a familiar salient meaning (Gibbs, 1980; Giora and Fein, 1999a),
it is the figurative meaning that is processed first, without hav-
ing accessed the less salient (literal) meaning (Gibbs, 1980; Giora
and Fein, 1999b). On the other hand, unfamiliar metaphorical
meanings during novel metaphoric comprehension are not lexi-
calized; hence these meanings are non-salient and are only accessed
after the more salient (literal) meanings have been retrieved. Thus,
processing novel metaphors tend to involve greater attention and
cognitive control processes (Grice, 1975; Chiappe and Chiappe,
2007) such that participants need to recognize distant and unfa-
miliar associations between words; to eliminate interpretations
that are meaningless in order to converge upon selecting a coherent
meaningful interpretation.

Additionally, prior research has also revealed that comprehen-
sion of creative metaphoric expressions is associated with efficient
working memory and cognitive control. For example, Chiappe
and Chiappe (2007) examined the association between the time
required to generate metaphoric interpretations with both work-
ing memory capacity and inhibitory control. The results showed
that working memory capacity and inhibitory control predicted
both the time required to interpret metaphors and the quality of
those interpretations. Furthermore, a recent study showed that
comprehension of both unfamiliar and familiar metaphors cor-
related with working memory capacity and, in particular, with
backward digit span working memory processes (Mashal, in press).
Finally, in our previous paper we revealed that creative solving
required greater attentional and cognitive computations, which
was facilitated by a positive mood and was mediated by the medial
prefrontal cortex/anterior cingulate cortex (mPFC/ACC) (Subra-
maniam et al., 2009). Extending upon these prior findings, in the
present study, we predicted that positively valenced stimuli would
also enhance creative metaphoric-solving processes, via similar
neural mechanisms as a positive mood, by regulating attention
and cognitive control mechanisms within the mPFC/ACC.

In our previous metaphoric fMRI study, we used the repeti-
tion suppression paradigm for the first time to investigate the
neural patterns underlying conventional and novel metaphorical
processes and, in particular, we examined how novel metaphors
became conventionalized in the brain (Subramaniam et al., 2012).
Repetition suppression refers to brain regions that show reduced

neural activity for repeated stimuli presentations. This reduced
activation indicates a facilitation of retrieving the same familiar
information during the second repeated exposure to these stim-
uli when compared to the first. Repetition enhancement, on the
other hand, refers to brain regions that show increased activation
during the second repeated exposure to stimuli when compared to
the first, indicating the formulation of new meaning in the mental
lexicon (Subramaniam et al., 2012).

In this previous metaphoric fMRI study (Subramaniam et al.,
2012), prior to scanning, participants read half of the novel
metaphoric expressions and half of the conventional metaphoric
expressions that they would later view again in the scanner. When
novel metaphors were viewed a second time, we found repeti-
tion enhancement effects (increased activation) in several regions
mediating the formulation of meaning, which included: bilateral
inferior parietal gyri, precuneus/posterior cingulate cortex (PCC),
and mPFC. However, no brain areas showed repetition suppres-
sion effects during the repeated exposure to novel metaphors.
The lack of repetition suppression indicates that meaning had
not yet been formulated during the first exposure in order for
the retrieval of this meaning to be facilitated at the second expo-
sure. As expected, repeated exposure to conventional metaphors
elicited repetition suppression (reduced activation) within the left
superior temporal gyrus (LSTG)/supramarginal gyrus, indicating
facilitation of familiar meaning retrieval from the mental lexicon.
These findings indicate that novel and conventional metaphorical
comprehension involve different neural regions and processes.

We found that during novel metaphoric comprehension,
regions such as the mPFC, PCC, and bilateral inferior pari-
etal/temporal (IPL) cortices support meaning conceptualization
and storage of novel semantic relations (Subramaniam et al,
2012). We now extend upon these prior findings in the present
study. Here, we use fMRI to investigate not just the neural
processes mediating metaphoric processing, but how different
affective processes can modulate metaphoric comprehension in
distinct ways. In other words, we examine whether any affective
valence-modulated changes in neural signal differ between two
types of metaphorical processes (novel unfamiliar metaphors and
conventional familiar metaphors). Specifically, we hypothesized
that stimuli classified as “positive” would enhance creative novel
metaphoric processes by enhancing activation within the regions
that revealed repetition enhancement effects during meaning
formulation (mPFC, PCC, and bilateral IPL).

We know from prior research that a positive mood has been
shown to facilitate creative problem solving across a broad range
of settings (Isen et al., 1987b; Estrada et al., 1994; Ashby et al,,
1999; Isen, 1999; Rowe et al., 2007). In particular, the mPFC/ACC
is known to regulate attention and cognitive control processes in
the frontal cortex (Bush et al., 2000; Botvinick et al., 2004; Kerns
etal., 2004), and is specifically involved in the cognitive regulation
of positive mood and positive stimuli (Subramaniam et al., 2009;
Sass et al., 2012). We, therefore, predicted that positively valenced
stimuli are likely to facilitate creative novel metaphoric compre-
hension by enhancing activity within the mPFC/ACC to enhance
the detection of competing associations during novel metaphoric
meaning formulation. We also know that the PCC mediates visu-
ospatial attention processes (Small et al., 2003) and that positive
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mood states and positively valenced stimuli promote a broader
scope of attention (Gasper and Clore, 2002; Fenske and Eastwood,
2003; Srinivasan and Hanif, 2010). Thus, it is also possible that
positively valenced stimuli may enhance visual attention processes
in the PCC during novel metaphoric comprehension.

Prior research indicates that the right hemisphere (RH) is acti-
vated when participants process distantly related meanings and
performs more “coarse semantic coding” (Jung-Beeman, 2005).
Converging evidence from brain damaged patients (Brownell etal.,
1984), behavioral divided visual field (DVF) studies (Faust and
Mashal, 2007; Mashal and Faust, 2009), Transcranial Magnetic
Stimulation (TMS) (Pobric et al., 2008), and fMRI studies (Mashal
et al., 2005, 2007) all attribute a special role to the RH during
the processing of novel metaphors. Therefore, another putative
explanation as to how positively valenced stimuli may facilitate
meaningful formulation from non-salient metaphors is through
enhancing integration of distantly related associations via right
temporal/parietal activation. Finally, novel metaphoric compre-
hension also requires the left hemisphere (LH) to perform more
fine semantic coding (Jung-Beeman, 2005) during the integration
and selection of more closely connected meanings from the non-
salient metaphors (Geschwind, 1965; Binder et al., 2009; Bambini
etal., 2011).

Taken together, we hypothesized that positively valenced stim-
uli may modulate some, or all, of the regions that show repetition
enhancement effects during novel metaphoric meaning formu-
lation. This may be done initially via modulation of the right
temporal/parietal cortex during more coarse semantic coding
required for the integration of distant word pair associations.
Next, mPFC/PCC modulation would be required in order to reg-
ulate attention and cognitive control processes. Increased control
exerted by the mPFC would likely facilitate fine semantic coding
supported by the left temporal/parietal cortex required for the
formulation of closely connected more salient meanings.

It must be noted that we are not stating that positive mood and
positively valenced stimuli will always unconditionally enhance
creative performance. Rather, consistent with Kaufmann and Vos-
burg (1997) findings, we find that mood effects on creativity are
task-specific. Indeed, prior studies have shown that while a positive
mood can broaden attention on creative tasks, it can also impair
selective attention, leading to increased distractibility (Dreisbach
and Goschke, 2004; Rowe et al., 2007). In the present study, we
predicted that the effects of positive mood and positively valenced
stimuli can impair or enhance cognition depending on whether
task performance is enhanced by a broadening of attention, or
impaired by a global scope of attention. Specifically, we hypothe-
sized that when participants viewed novel unfamiliar metaphors,
they would need to have broader attention/increased semantic
access to detect multiple possible word pair interpretations, which
would be facilitated by positively valenced stimuli. Additionally,
in the present study, participants had a very short time to decide
the meaningfulness of each word pair (maximum time=3.5s).
Thus, the current predictions are also consistent with the Kauf-
mann and Vosburg (1997) findings that positive moods and stim-
uli enhance creativity for tasks that fulfill a satisficing criteria
(i.e., tasks which have limited response times facilitating cognitive
satisfaction rather than cognitive elaboration and optimization).

Taking into account the evidence from prior findings, we pre-
dicted that positively valenced stimuli would enhance signal within
the regions that showed repetition enhancement effects for novel
metaphoric processes (i.e., mPFC, PCC, left, and right tempo-
ral/parietal regions). No studies to date have been conducted
on how negatively valenced stimuli may modulate metaphoric
processes. As such, in order to generate novel findings and to
minimize Type II error and miss true signal in regions other
than those consistent with our a priori hypothesis, we also con-
ducted the below exploratory whole-brain analyses. The whole-
brain analyses enabled examination of how different types of
affective valence could modulate neural activity associated with
metaphoric processes in common and dissociable ways. The
whole-brain analyses also allowed investigation throughout the
brain, of whether any valence-modulated changes in neural sig-
nal differed between the two types of metaphors (novel versus
conventional). Our goals were:

To identify the brain regions that are modulated by posi-
tively valenced stimuli in general (both conventional and novel
metaphors) when compared to neutral and negatively valenced
stimuli, as well as to identify brain regions that are modulated by
negatively valenced stimuli when compared to neutral stimuli.
To identify all brain areas that demonstrate signal change for pos-
itively valenced novel metaphors versus neutral novel metaphors
(PosNM versus NeutNM), as well as for positively valenced
conventional metaphors versus neutral conventional metaphors
(PosCM versus NeutCM).

To identify all brain areas that demonstrate signal change for neg-
atively valenced novel metaphors versus neutral novel metaphors
(NegNM versus NeutNM), as well as for negatively valenced
conventional metaphors versus neutral conventional metaphors
(NegCM versus NeutCM).

To identify all brain areas that demonstrate signal change for
positively valenced novel metaphors versus negatively valenced
novel metaphors (PosNM versus NegNM), as well as for positively
valenced conventional metaphors versus negatively valenced
conventional metaphors (PosCM versus NegCM).

MATERIALS AND METHODS

PARTICIPANTS AND PROCEDURE

Fourteen undergraduate subjects (mean age=25.5, SD =8.16,
seven males), participated in the study. All 14 participants were
neurologically healthy, right-handed, and native speakers of Eng-
lish. After giving informed consent, 14 participants completed an
emotional valence questionnaire outside the scanner, and then
performed a semantic judgment task in the scanner. Data from
one participant was excluded from the analysis due to poor fMRI
signal.

The same fMRI scanning procedure was used here as in our
previous study (Subramaniam et al., 2012); however, the study
objectives, fMRI analyses, and results are entirely different. The
present study is a follow-up metaphorical study in which we exam-
ine how different affective processes can modulate metaphoric
comprehension in distinct ways, and is informed from the find-
ings of our previous paper (Subramaniam et al., 2012). In this
prior study, we revealed different and distinct neural mechanisms
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underlying conventional and novel metaphors when viewed for
the first time. We also revealed how novel metaphors seen for
the first time had been processed like unrelated words but when
viewed again became conventionalized in the brain, revealing sim-
ilar neural patterns to conventional metaphors (Subramaniam
etal., 2012).

STIMULI

Stimuli included 136 two-word English metaphoric expressions,
and 34 unrelated word pairs (see Appendix for examples). The
two words formed one of three types of semantic relations
(conditions): conventional metaphoric (heated debate), novel
metaphoric (caged cry), or unrelated (devastated snow) word pairs.
Two pretests were performed in order to determine the degree
of plausibility and the degree of familiarity of each metaphoric
expression. The aim of the first pretest was to determine the type
of each two-word expression (metaphoric or unrelated). Twelve
judges (who did not participate in the experiment) were pre-
sented with a list of two-word expressions and were asked to decide
whether each expression was metaphorically plausible or not plau-
sible. Expressions that were rated by at least 75% of the judges as
either metaphorically plausible or not plausible were selected as
metaphoric expressions or unrelated word pairs, respectively.

In order to distinguish between novel metaphors and con-
ventional metaphors, another group of 10 judges were presented
with a list of only the plausible metaphors from the first pretest.
They were asked to rate their degree of familiarity on a five-point
familiarity scale ranging from 1 (highly non-familiar) to 5 (highly
familiar). Metaphoric expressions which were scored lower than
3.25 on the familiarity scale were selected as novel metaphors (rat-
ing average 2.73), whereas those that were scored higher than four
on this scale were selected as conventional metaphors (rating aver-
age 4.84) for the present study. The novel metaphoric expressions
were rated as significantly less familiar than the conventional ones
(£(67) =41.15, p < 0.0001].

Stimuli were then balanced between conditions according to
word frequency. The novel metaphors, conventional metaphors,
and the unrelated word pairs did not differ in terms of average
word frequency per million, F <1 (Kucera and Francis, 1967).
In addition, stimuli were balanced between conditions accord-
ing to syntactic form. The second word of each expression was
always a noun, whereas the first word was either a noun or adjec-
tive. Grammatical category was counterbalanced across the four
types of word pairs. Thus, each condition contained equal num-
bers of nouns and adjectives. Complete methodological details on
metaphoric ratings of frequency and familiarity are also described
in our previous paper (Subramaniam et al., 2012).

METAPHOR PARADIGM

Prior to fMRI scanning, participants received a list of word pairs
which consisted of novel unfamiliar metaphors and conventional
familiar metaphors that they would later view again in the scan-
ner. Participants were instructed: “the following expressions are
either familiar (e.g., shady character) or unfamiliar (e.g., solitude
shards) metaphors. Please denote the valence of each of the fol-
lowing expressions.” Participants had to mark an X in the column
they selected for word pairs with positive connotations, negative

connotations, or neutral connotations. For example, conventional
metaphors such as “beautiful mind,” “visual field,” and “sour
grapes” were typically classified as having positive, neutral, and
negative connotations, respectively. Similarly, novel metaphors
such as “joy bits,” “memory phantoms,” and “caged cry” were
also typically classified as having positive, neutral, and negative
connotations.

We used fMRI to measure brain activity associated with each
participant’s individual subjective ratings of the six different
types of meaningful metaphors: positive novel metaphors, neg-
ative novel metaphors, neutral novel metaphors, positive conven-
tional metaphors, negative conventional metaphors, and neutral
conventional metaphors. During scanning, participants were pre-
sented with word pairs and had to decide whether the word pairs
formed meaningful or meaningless expressions. Participants were
informed that some of the word pairs were metaphorical expres-
sions, which had a figurative meaning beyond the literal meaning
of the individual words whereas other word pairs were completely
devoid of any meaning (unrelated words). Participants were given
34 novel metaphors, 34 conventional metaphors, and 34 unrelated
word pairs in the scanner. For conventional metaphors, such as
“lion heart” and “steel convictions,” participants understood and
processed these expressions rapidly, similar to literal expressions.
By contrast, for novel metaphors such as “unfenced idea” and “joy
bits,” participants needed to engage additional cognitive processes
to form meanings for these novel unconventional word pairs, com-
pared to conventional metaphorical expressions. Unrelated pairs
included words such as “cheek brains” which were completely
devoid of meaning. fMRI signal corresponding to unrelated word
pair processing is reported in our prior paper (Subramaniam et al.,
2012) but not in the present study because participants did not
pre-classify unrelated words into positive, negative, or neutral cat-
egories prior to scanning. Therefore, the objective of the present
study was to examine affective valence-modulated changes during
meaningful conventional and novel metaphoric processes rather
than during unrelated words.

The session began with a fixation cross that remained on the
screen for 10s. Each trial in the scanner began with a word pair
(i.e., “ebbing fame”) that was presented on the screen for 2100 ms
followed by a blank screen of 1400 ms duration. Participants were
instructed to decide as quickly as possible, whether the expres-
sion was meaningful (i.e., left button-press with their right hand)
or meaningless (i.e., right button-press with their right hand) as
soon as they read each expression. Participants were given a lim-
ited time window (3500 ms) to respond. Thirty four additional
fixation points (each presented for 3500 ms) were randomly inter-
spersed between trials in order to jitter the events and optimize
deconvolution of the fMRI signal from successive events.

IMAGE ACQUISITION

Fourteen fMRI participants performed the metaphorical task dur-
ing scanning, which for all participants occurred in the same
Siemens Trio (3 T) scanner and eight channel head coil, with the
same scanning protocol, at Northwestern’s Center for Advanced
MRI. Head motion was restricted with plastic calipers built into
the coil and a vacuum pillow. The functional imaging sequence
was optimized for detection of the BOLD effect (Ogawa et al.,
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1992) including local shimming and 10 s of scanning prior to data
collection to allow the MR signal to reach equilibrium. Functional
imaging used a gradient echo echo-planar sequence (TR =2s for
38 3-mm slices, TE = 20 ms, matrix size 64 X 64 in 220-mm field
of view). Each functional scan was synchronized with the onset
of the first trial. Anatomical high-resolution images were acquired
in the same plane, with T1-weighted images parallel to the ACPC
plane.

IMAGE ANALYSES
Images were analyzed using Matlab (Mathworks Inc.) and SPM2
software (www.filion.ucl.ac.uk/spm). Images were realigned to
correct for motion artifacts using a six-parameter rigid body affine
transformation. The resulting images were normalized to a stan-
dard stereotaxic space [Montreal Neurological Institute (MNI)
Template] using a 12 parameter affine/non-linear transformation
and spatially smoothed with a 10-mm full-width half maximum
isotropic Gaussian kernel. Data were submitted to a whole-brain
General Linear Model analysis, fitting a reference canonical hemo-
dynamic response function to each event. Image intensity was
scaled to the mean global intensity of each time series.
Whole-brain contrasts of interest were performed on indi-
vidual subject data from correct trials. For each participant, we
compared activity during onsets of each of the six metaphori-
cal conditions that were correctly classified as meaningful: pos-
itive novel metaphors, negative novel metaphors, neutral novel
metaphors, positive conventional metaphors, negative conven-
tional metaphors, and neutral conventional metaphors. Second-
level random-effect one-sample ¢-tests were then conducted for
all participants in the group. Reported results are significant
at a threshold of combining ¢ values (at an alpha p value of
0.001 uncorrected for multiple comparisons), and cluster size
(at least 50 voxels or 400 mm? in volume) in which each voxel
showed reliable signal change across all participants for the spe-
cific contrast of interest (see Table 1). Consistent with our a priori
hypothesis, whole-brain analysis of positively valenced versus neu-
tral novel metaphoric comprehension revealed the same four
brain regions [i.e., mPFC, PCC, LIPL, and right inferior pari-
etal lobe (RIPL)] which also revealed repetition enhancement
for novel metaphoric processing in our previous paper (Sub-
ramaniam et al., 2012). For subsequent analyses, we extracted
mean beta signal for each valence (positive, neutral, and neg-
ative) as well as for each metaphoric condition (conventional
and novel) from the following region of interest (ROI) cen-
troids reported in Subramaniam et al. (2012): mPFC (14, 38,
—12), PCC (—14, —36, 42), LIPL (—42, 8, —26), and RIPL (48,
—38, 42). Mean beta signals for each ROI were then entered
into a 2 x 3 repeated-measures ANOVA in Statistica in order to
examine interaction effects in fMRI signal between metaphor
type x valence.

RESULTS

BEHAVIORAL RESULTS

Reaction times

Participants were asked to decide if each stimulus repre-
sented a meaningful or meaningless expression in the scan-
ner. Reaction times (RT) were collected during scanning on

accurate trials for each of the six types of stimuli: posi-
tive novel metaphors, negative novel metaphors, neutral novel
metaphors, positive conventional metaphors, negative conven-
tional metaphors, and neutral conventional metaphors. A 2 x 3
repeated-measures ANOVA with type of metaphor (conven-
tional, novel) and affective valence (positive, negative, neu-
tral) for RT of meaningful responses revealed a main effect
of stimulus type [F(1, 12) =31.60, p=0.0001] (Figure 1A).
Tukey post hoc comparisons revealed that participants made
faster (meaningful) judgments for conventional metaphors
(Mean = 1082 ms, SD = 150) when compared to novel metaphors
(Mean =1312ms, SD=169) (p=0.0003). Although there was
no significant (metaphor type x valence) interaction (p =0.20),
we did find a main effect of valence [F(2, 24)=3.51,
p=0.046]. The main effect of valence was driven by partici-
pants making faster meaningful judgments for positively valenced
metaphors (Mean = 1137 ms, SD = 180) when compared to neu-
tral metaphors (Mean = 1238 ms, SD =229) (p =0.048). No sig-
nificant difference in RT was found between positively valenced
metaphors when compared to negatively valenced metaphors
(Mean=1217ms, SD=176) (p=0.13) or between negatively
valenced metaphors and neutral metaphors (p =0.76).

Accuracy

A 2 x 3 repeated-measures ANOVA with type of metaphor (con-
ventional, novel) and affective valence (positive, negative, neu-
tral) for accuracy was calculated for trials correctly classified
as meaningful in the scanner. The main effect of stimulus
type was significant [F(1, 12)=15.01, p=0.002] (Figure 1B).
Tukey post hoc comparisons revealed that participants correctly
made more meaningful judgments for conventional metaphors
(Mean = 96.68%, SD = 6.62) when compared to novel metaphors
(Mean = 81.34%, SD = 15.05) (p = 0.002). Interestingly, although
there was no metaphor type x valence interaction (p=0.54),
we found a significant main effect of valence [F(2, 24) = 5.40,
p=0.012]. Furthermore, Tukey post hoc comparisons revealed
that participants made more meaningful judgments for positively
valenced stimuli (Mean = 90.82%, SD = 14.07) when compared
to neutral stimuli (Mean = 84.89%, SD=16.17) (p=0.031),
and also made more meaningful judgments (Mean=91.33%,
SD =10.41) for negatively valenced stimuli when compared to
neutral stimuli (p =0.018). No significant difference in accuracy
was found between positively valenced metaphors when compared
to negatively valenced metaphors (p =0.97).

fMRI RESULTS
ROI analyses
In accordance with our a priori hypothesis, we conducted 2 x 3
repeated-measures ANOVAs with metaphor type (conventional,
novel) and valence (positive, negative, neutral) as within subject
factors within the four regions (mPFC, RIPL, LIPL, and PCC) that
showed significant repetition enhancement effects for metaphoric
processes, as described in Subramaniam et al. (2012) (Figure 2).
Results revealed a marginally significant main effect of
valence in mPFC F(2, 24)=2.80, p=0.081. Planned com-
parisons indicated increased mPFC activation for positively
valenced metaphors when compared to negatively valenced
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Table 1 | Whole-brain contrasts showing clusters of activation at a threshold of p < 0.001 uncorrected, and with cluster size of at least 50 voxels
or 400 mm? in volume.

Region BA T-max value Cluster size (voxels) Cluster size (mm3) XY Z(mm)

mPFC/ACC 25, 32 791 374 2992 12, 30, —16
RIPL 40 5.07 192 1536 46, —46, 40
PCC 31 5.5 58 464 —14, —42, 38
RIPL 40 5.24 62 496 32, —42,42
RMFG 1 6.45 57 456 36, 40, —16
Cingulate gyrus 24, 31 8.36 167 1336 —20, —10, 44
mPFC/RSFG 10 4.97 51 408 24,58, 14
mPFC/ACC 10, 25, 32 752 437 3496 14, 38, =12
PCC 31 5.05 108 864 —14, —36, 42
LSTG 21, 38 6.35 81 648 —42,8, -26
RIPL 40 5.21 74 592 48, —38, 42
R. Putamen/insula 13 8.81 102 816 34, -18, -4
RIPL 40 4.98 76 608 52, —44, 32
LSFG 8 5.17 91 728 —6, 36, 54
LMTG 21 4.87 63 504 —64, —38, -6
RIPL 40 5.82 13 904 56, —32, 52
L. Inf. Occipital Gyrus 18 9.05 330 2640 —34, -88, -6
RSPL 7 5.51 119 952 22, —68, 62

LSFG 8 5.63 302 2416 —16, 30, 52
RPHC 36 5.33 51 408 18, =34, —14
mPFC/ACC 10 6.58 50 400 16, 44, —10
RMFG 9 5.29 50 400 30, 10, 42

L. Inf. Occipital Gyrus 18 6.06 56 448 —-30, —82, —12

LFFG 37 5.26 55 440 —46, —64 —22

mPFC/ACC, medial prefrontal cortex/anterior cingulate cortex; RIPL, right inferior parietal lobe;, PCC, posterior cingulate cortex; RMFG, right middle frontal gyrus;
LSFG, left superior frontal gyrus, LMTG, left middle temporal gyrus; RSPL, right superior parietal lobe; RPHC, right parahippocampal cortex; LFFG, left fusiform gyrus.

metaphors (p=0.033). We also found that the two-way stim- effect of stimulus type nor the two-way interaction was significant
ulus type x valence interaction was significant, F(2, 24) =3.65, (all p > 0.05).

p=0.041. Planned comparisons revealed greater mPFC activation The two-way repeated-measures ANOVA in LIPL showed
for positively valenced novel metaphors when compared toneutral a marginally significant main effect of stimulus type [F(1,
novel metaphors (p =0.006), and marginally greater mPFC acti- 12) =4.26, p =0.061]. Planned comparisons revealed marginally
vation when compared to negatively valenced novel metaphors greater LIPL activation for novel metaphors when compared to
(p=0.054). The main effect of stimulus type was not significant conventional metaphors (p=0.061). However, neither the main
(p=0.35). effect of valence nor the two-way interaction was significant (all

Within PCC, we found a main effect of stimulus type p>0.05).

[F(1, 12) =14.07, p=0.002]. Planned comparisons indicated The two-way repeated-measures ANOVA in RIPL showed
increased PCC activation for novel metaphors when compared to a marginally significant main effect of stimulus type [F(1,
conventional metaphors (p=0.002). However, neither the main  12) =4.55, p=0.054]. Planned comparisons revealed marginally
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greater activation within RIPL for novel metaphors when com-
pared to conventional metaphors (p=0.054). The main effect
of valence was significant [F(2, 24) =3.41, p=0.050], indicat-
ing greater RIPL activation for positively valenced metaphors
when compared to neutral metaphors (p =0.017). The two-way
interaction was not significant (p > 0.05).
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FIGURE 1 | Behavioral results. (A) Mean reaction times (SE) for each
condition. (B) Percent of correct responses (SE) for each condition.

Exploratory whole-brain analyses

In order to minimize Type II error and miss true signal in regions
other than those consistent with our a priori hypothesis, we con-
ducted the whole-brain analyses described below. We investigated
whether different types of affective valence-modulated neural
activity associated with metaphoric processes in distinct ways. We
also examined whether any valence-modulated changes in neural
signal differed between the two types of metaphors (novel versus
conventional).

DOES VALENCE MODULATE METAPHORIC PROCESSING IN THE BRAIN?
In order to examine how valence modulates metaphoric processes
in general, we first contrasted positively valenced versus neutral
metaphors, and found increased activation the mPFC, PCC, and
the RIPL. No regions showed deactivation for positively valenced
versus neutral metaphors (Figure 3A; Table 1).

Next, when we contrasted negatively valenced versus neutral
metaphors, we found increased signal change in two regions: the
RIPL and the right middle frontal gyrus (RMFG). There were no
regions that showed deactivation for negatively valenced versus
neutral metaphors (Figure 3B; Table 1).

Finally, we found that the mPFC and PCC were the only
two regions that mediated the processing of positively valenced
metaphors to a greater extent when compared to negatively
valenced metaphors. We did not find any regions that met our sta-
tistical threshold criteria which showed deactivation for positively
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FIGURE 2 | Region of interest (ROI) analyses conducted for the
four regions showing repetition enhancement effects from the
activation centroids, previously described in Subramaniam et al.
(2012). Mean beta signal extracted within each region for each

Posterior Cingulate Cortex

Signal Change
=) oo oo e Y
Ao NMNB®® e

J Pos Neg Neut Pos Neg Neut
CM CM CM NM NM NM

b

Right Inferior Parietal Lobe
1.6

1.4 -
1.2
14
0.8
06 -
04 -
0.2
0 -
0.2 ' Pos Neg Neut Pos Neg Neut
CM CM CM NM NM NM

Signal Change

metaphor condition (conventional, novel) and valence (positive,
neutral, negative) revealed significant interaction effects between
metaphor type by valence in only one region, the medial prefrontal
cortex.
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FIGURE 3 | Continued

valenced versus negatively valenced metaphors (Figure 3C;
Table 1).

Which brain regions show signal change for positively valenced
novel metaphors versus neutral novel metaphors (PosNM versus
NeutNM), and for positively valenced conventional metaphors
versus neutral conventional metaphors (PosCM versus NeutCM)?
In order to investigate where in the brain positively valenced stim-
uli specifically modulated the processing of novel metaphors, we
contrasted positively valenced novel metaphors with neutral novel
metaphors. We found increased activation in several regions such
as the mPFC, the PCC, the LSTG, and the RIPL. There were no
regions that showed deactivation for positively valenced novel
metaphors versus neutral novel metaphors (Figure 4A; Table 1).
Next, in order to find whether positively valenced stimuli
modulated neural signal differently depending on the type of
metaphoric process (novel compared to conventional), we con-
trasted positively valenced conventional metaphors with neutral
conventional metaphors (PosCM versus NeutCM). We found
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FIGURE 3 | Whole-brain activation showing signal change for affective
stimuli modulating metaphoric processes in general: (A) reveals signal
change for positively valenced metaphors versus neutral metaphors,
(B) reveals signal change for negatively valenced metaphors versus
neutral metaphors, and (C) reveals signal change for positively
valenced metaphors versus negatively valenced metaphors. All clusters
are illustrated at a threshold of p <0.001 (uncorrected) combined with a
cluster size of at least 50 voxels or 400 mm? in volume. Mean beta weights
for each condition extracted from the clusters illustrated in the specific
contrasts of interest are revealed in the bar charts.
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positively valenced conventional metaphors versus neutral
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conventional metaphors. All clusters are illustrated at a threshold of

p <0.001 (uncorrected) combined with a cluster size of at least 50 voxels
or 400 mm? in volume. Mean beta weights for each condition extracted
from the clusters illustrated in the specific contrasts of interest are
revealed in the bar charts.

increased activation for positively valenced versus neutral con-
ventional metaphors in the putamen and the right supramarginal
gyrus/RIPL. We also found deactivation for positively valenced
versus neutral conventional metaphors in the left middle tem-
poral gyrus and the left superior frontal gyrus (Figure 4B;
Table 1).

Which brain regions show signal change for negatively valenced
novel metaphors versus neutral novel metaphors (NegNM versus
NeutNM), and for negatively valenced conventional metaphors
versus neutral conventional metaphors (NegCM versus NeutCM)?
We next examined whether novel metaphoric processes were mod-
ulated differently depending on the specific affective process at
hand. We, therefore, contrasted neural activity associated with
negatively valenced versus neutral novel metaphorical processes
(NegNM versus NeutNM), and found increased signal change
(i.e., less deactivation) in only one region: the RIPL. No brain

areas showed reduced signal change for negatively valenced versus
neutral novel metaphors (Figure 5A; Table 1).

When we contrasted negatively valenced conventional
metaphors with neutral conventional metaphors, we found
increased activation in two regions: the left inferior occipital gyrus
and the right superior parietal lobe. Only one region, the left supe-
rior frontal gyrus, showed deactivation for negatively valenced
versus neutral conventional metaphors (Figure 5B; Table 1).

Which brain regions show signal change for positively valenced
novel metaphors versus negatively valenced novel metaphors
(PosNM versus NegNM), and for positively valenced conventional
metaphors versus negatively valenced conventional metaphors
(PosCM versus NegCM)?

In order to find brain areas that were specifically modulated by
novel metaphors with positively valenced connotations, we also
contrasted positively valenced novel metaphors with negatively
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FIGURE 5 | Continued

valenced novel metaphors (PosNM versus NegNM). We found
increased activation in three regions: the mPFC, the right parahip-
pocampal cortex, and the RMFG. We found increased activation
for negatively valenced novel metaphors when compared to posi-
tively valenced novel metaphors in only one region, the left inferior
occipital gyrus (Figure 6A; Table 1).

In keeping with this approach, to find brain areas that were
specifically modulated by conventional metaphors with positively
valenced connotations, we contrasted positively valenced con-
ventional metaphors with negatively valenced conventional
metaphors (PosCM versus NegCM). No regions showed increased
activation for PosCM versus NegCM, and only one region, the left
fusiform gyrus, showed increased activation for the NegCM versus
PosCM contrast (Figure 6B; Table 1).

DISCUSSION

BEHAVIORAL ANALYSES

When participants viewed positively valenced metaphors (both
conventional and novel), they were more accurate and faster at
correctly identifying that these metaphors were meaningful when
compared to neutral stimuli. The present results are consistent
with findings from prior studies which have shown that both posi-
tive mood states and positively valenced stimuli are more intercon-
nected compared to neutral states and stimuli (Isen, 1985, 1987a;
Ashby et al., 1999; Federmeier et al., 2001; Gasper and Clore, 2002;
Bolte etal.,2003; Friedman et al., 2003; Rowe et al., 2007; Subrama-
niam et al., 2009). Together, our findings suggest that participants
were able to form more meaningful judgments for positively
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FIGURE 5 | Whole-brain activation showing signal change for the
negatively valenced versus neutral metaphoric type-specific contrasts
(A) reveals signal change for negatively valenced novel metaphors
versus neutral novel metaphors and (B) reveals signal change for
negatively valenced conventional metaphors versus neutral
conventional metaphors. All clusters are illustrated at a threshold of

p <0.001 (uncorrected) combined with a cluster size of at least 50 voxels or
400 mm® in volume. Mean beta weights for each condition extracted from
the clusters illustrated in the specific contrasts of interest are revealed in
the bar charts.

valenced stimuli possibly because these stimuli facilitated broader
attention/semantic access (Fenske and Eastwood, 2003; Srinivasan
and Hanif, 2010).

We did not find any accuracy differences between positively
valenced versus negatively valenced metaphors. However, we did
find that participants were more accurate at identifying that neg-
atively valenced metaphors were meaningful when compared to
neutral metaphors. One possible explanation for this difference is
informed by prior research, which has shown that people are more
attentive when processing negative stimuli (Hansen and Hansen,
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FIGURE 6 | Whole-brain activation showing signal change for the
positively valenced versus negatively valenced metaphoric type-specific
contrasts (A) reveals signal change for positively valenced novel
metaphors versus negatively valenced novel metaphors (B) reveals
signal change for positively valenced conventional metaphors versus
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negatively valenced conventional metaphors. All clusters are illustrated at
a threshold of p < 0.001 (uncorrected) combined with a cluster size of at least
50 voxels or 400 mm? in volume. Mean beta weights for each condition
extracted from the clusters illustrated in the specific contrasts of interest are
revealed in the bar charts.

1988; Pratto and John, 1991; Rossell and Nobre, 2004), perhaps due
to a primal tendency to direct attention to negative information in
adverse situations.

fMRI ANALYSES

Of all four ROIs that showed repetition enhancement effects,
the two-way stimulus type x valence interaction was significant
in only one region, the mPFC. Furthermore, planned compar-
isons revealed that the mPFC was the only region that showed
greater activation for positively valenced novel metaphors when
compared with negatively valenced novel metaphors and neu-
tral novel metaphors. Together, these data indicate that posi-
tively valenced stimuli are likely to enhance metaphoric com-
prehension, particularly novel metaphoric processes, by regulat-
ing attention and cognitive control processes mediated by the
mPFC.

In terms of the whole-brain analyses, we found four principal
results which were that:

When participants viewed positively valenced metaphors ver-
sus neutral metaphors (i.e., for both conventional and novel),
they were more accurate and faster at making meaningful
judgments via modulation of mPFC, PCC, and RIPL regions.
When participants viewed negatively valenced metaphors, they
were more accurate, although not faster, at making meaningful
judgments when compared to neutral metaphors. Two regions:
the RIPL and RMFG were modulated by negatively valenced
metaphors. Interestingly, we found that only two regions, the
mPFC and PCC, mediated the processing of positively valenced
metaphors when compared to negatively valenced metaphors.
These two regions were also activated for positively valenced
versus neutral metaphors.
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Participants identified that positively valenced novel metaphors
were meaningful via modulation of the mPFC, PCC, LSTG,
and RIPL. Additionally, participants identified that positively
valenced conventional metaphors were meaningful through
modulation of the RIPL and putamen.

Participants showed increased activation in only one region,
the RIPL, when identifying the meaningfulness of nega-
tively valenced novel metaphors compared to neutral novel
metaphors. With regard to negatively valenced conventional
versus neutral conventional metaphors, participants revealed
increased activation within two regions, the left inferior occipital
gyrus and the RSPL, known to mediate visual attention processes.
Only one region, the mPFC, showed increased activation for both
positively valenced versus neutral and positively valenced versus
negatively valenced novel metaphoric processes. Together, these
results indicate that the mPFC region specifically mediates the
processing of novel unfamiliar stimuli particularly when they are
positively valenced.

Where and how in the brain does affective valence modulate
metaphoric processes in general?

When participants viewed positively valenced metaphors in gen-
eral (both conventional and novel) when compared to neutral
metaphors, they showed increased activation in regions such as
the mPFC, PCC, and the RIPL (Figure 3A). These results indicate
that positively valenced stimuli facilitate metaphoric comprehen-
sion in general via modulation of attention and cognitive control
processes supported by the mPFC, PCC, and the RIPL. Greater
attention/control may be exerted through a combination of ways,
including: facilitating a broadening of attention (Isen, 1985,
1987a), facilitating coarse semantic coding in the RH to access
multiple interpretations (Beeman, 1998; Jung-Beeman, 2005; Sub-
ramaniam et al., 2012) and facilitating switching processes to select
the correct meaningful interpretation (Ashby et al., 1999; Dreis-
bach and Goschke, 2004; Baumann and Kuhl, 2005). Together,
these processes allow easier access to distant semantic associa-
tions that connect the word pairs, enabling participants to switch
between attentional modes (broad versus focused), to reject inter-
pretations that are meaningless in order to hone in on selecting a
sensible interpretation for the novel metaphors.

When we contrasted negatively valenced versus neutral
metaphors, we found increased signal change in two regions: the
RIPL and the RMFG. It is important to note that signal change in
these regions (more in the RIPL) was specifically driven by greater
deactivation to the neutral stimuli rather than by increased acti-
vation to the negative stimuli (Figure 3B). Neutral stimuli may
reduce attention/semantic integrative processes to a greater extent
than negative stimuli by deactivating RIPL and RMFG, perhaps
because participants considered these stimuli to be less interesting
and less demanding of attention.

Finally, we found that the mPFC and PCC were the only
two regions that mediated the processing of positively valenced
metaphors to a greater extent when compared to negatively
valenced metaphors. Both these regions showed the highest
level of activation when participants viewed positively valenced
novel metaphorical processes specifically, and then when partic-
ipants also viewed positively valenced conventional metaphors

(Figure 3C). Together, these results indicate that positively
valenced stimuli may enhance creative metaphoric processes by
regulating attention and cognitive control processes mediated by
the mPFC/ACC and PCC (Bush et al., 2000; Small et al., 2003;
Botvinick et al., 2004; Kerns et al., 2004). Greater control allows
for better access and detection of more semantic associations so
that participants are better able to formulate or retrieve meaning
for the word pairs.

How do positively valenced stimuli specifically enhance novel
metaphoric comprehension, and conventional metaphoric recall in
the brain?

When we contrasted positively valenced with neutral novel
metaphors, we found that participants activated a network of
regions including the mPFC, PCC, RIPL, and LSTG. These regions
support the affective-cognitive interactions required to predis-
pose and facilitate novel metaphoric comprehension. The present
findings are in accordance with our previous study, in which we
revealed that positive mood states facilitated people’s ability to
solve novel creative problems via modulation of the mPFC/ACC
(Subramaniam et al., 2009). Novel metaphoric comprehension is
also considered a type of creative cognition because it requires
that participants are able to recognize distantly related word
pairs as meaningful, which they have previously not seen/used
together (i.e., unfenced idea). Extending upon our prior findings,
in the current study we reveal that positively valenced stimuli can
also predispose and facilitate creative novel metaphoric processes
by enhancing attention/control processes via mPFC/rostral ACC
modulation.

In another previous study, we revealed that when participants
computed novel metaphoric expressions, they required greater
attention and cognitive control processes associated with the
formulation of more closely connected meanings, mediated by
regions such as the mPFC, PCC, RIPL, and LSTG (Subramaniam
et al., 2012). In the present study, we also extend upon these prior
findings by revealing that positively valenced stimuli can facil-
itate creative novel metaphoric processes by enhancing activity
within this specific network of neural regions. We know from
prior research that the rostral ACC is implicated in attention and
cognitive control processes in the frontal cortex (Bush et al., 20005
Botvinick et al., 2004; Kerns et al., 2004) and the PCC is thought
to mediate visuospatial attention processes in the posterior cortex
(Small et al., 2003). The present findings, therefore, suggest that
positively valenced stimuli may facilitate novel metaphoric com-
prehension by enhancing attention/control processes within the
mPFC and PCC. Greater control promotes greater detection of a
broader range of associations that may link the word pairs together
in order for participants to select a meaningful interpretation for
the unfamiliar word pairs.

Additionally, prior research has revealed that the RH is acti-
vated when participants process distantly related meanings and
performs more “coarse semantic coding” (Jung-Beeman, 2005).
As such, the present findings suggest that positively valenced stim-
uli may also facilitate this process of formulating meaning from
remotely connected novel metaphors by enhancing activation of
the RIPL. We also found increased activation in the LSTG dur-
ing positive versus neutral novel metaphoric comprehension. This

Frontiers in Psychology | Cognitive Science

April 2013 | Volume 4 | Article 211 | 12


http://www.frontiersin.org/Cognitive_Science
http://www.frontiersin.org/Cognitive_Science/archive

Subramaniam et al.

Positive stimuli facilitate creative processes

result is consistent with the theory that the LH performs more fine
semantic coding (Jung-Beeman, 2005) during the integration and
selection of a more closely connected meaning (Geschwind, 1965;
Binder et al., 2009; Bambini et al., 2011). Together, these findings
reveal that positively valenced stimuli may enhance creative novel
metaphoric processes partly by modulating the RH initially dur-
ing more coarse semantic coding required for the integration of
distant semantic associations. Positively valenced stimuli are also
likely to promote attention/cognitive control processes supported
by the mPFC/PCC, so that participants are subsequently better
able to select more closely connected salient meanings via fine
semantic coding supported by the LSTG.

We also found that positively valenced stimuli did modulate
neural signal differently depending on the type of metaphor that
the participants had viewed. This was an expected finding given
that participants engaged in different processes when viewing the
two types of metaphors. Participants were building a meaning
when they viewed novel metaphors whereas when they viewed
conventional metaphors, they were recalling a meaning. When
we contrasted positively valenced conventional metaphors with
neutral conventional metaphors, we found increased activation in
two regions: the RIPL, and the putamen. As noted earlier, there
is a plethora of evidence that suggests that both positive mood
states and positively valenced stimuli give rise to broader cogni-
tive elaboration, interconnectedness, and complexity (Isen, 1985,
1987a; Ashby et al., 1999; Federmeier et al., 2001; Gasper and Clore,
2002; Bolte et al., 2003; Friedman et al., 2003; Rowe et al., 2007;
Subramaniam et al., 2009). The right temporal/parietal cortex is
cytoarchitectonically suited to mediate the recall of distant seman-
tic associations via coarse semantic coding (Hutsler and Galuske,
2003; Jung-Beeman, 2005) with wider and more distal dendritic
branches. Thus, it represents a reasonable candidate for modu-
lation by positively valenced conventional stimuli to promote a
broader recall of familiar associations.

The putamen is also known to mediate positive-valenced stim-
uli, and supports both positive mood and reward processing
(Elliott et al., 2000; McClure et al., 2003; Tobler et al., 2006). There-
fore, it is not surprising that when participants recalled positively
valenced conventional metaphors, they recruited the putamen to a
greater extent when compared to neutral conventional metaphors.

Where and how in the brain do negatively valenced stimuli
modulate novel metaphoric comprehension, and conventional
metaphoric recall?

When we contrasted negatively valenced novel metaphors with
neutral novel metaphors, we found that participants showed rel-
atively increased signal change in the RIPL. As noted earlier, the
right temporal/parietal cortex is better suited to mediate the inte-
gration of distant semantic associations associated with positively
valenced but not negatively valenced stimuli (Isen, 1985, 1987a).
Therefore, it may be surprising as to why the RIPL was recruited for
negatively valenced stimuli. Further analyses revealed that partici-
pants, in fact, showed deactivation (rather than activation) in RIPL
to negatively valenced stimuli relative to baseline. This result indi-
cates that negatively valenced stimuli may reduce distant semantic
integrative processes by deactivating RIPL, albeit to a lesser extent
when compared to neutral stimuli.

When we compared negatively valenced conventional
metaphors with neutral conventional metaphors, we found
increased activation in two regions: the RSPL and the left inferior
occipital gyrus. These two regions are implicated in visual atten-
tion processes, consistent with prior studies which have shown
that participants are more vigilant when processing negative stim-
uli (Hansen and Hansen, 1988; Pratto and John, 1991; Rossell and
Nobre, 2004).

Do positively valenced versus negatively valenced stimuli enhance
novel metaphoric comprehension by enhancing mPFC activation?
Next, we contrasted positively valenced versus negatively valenced
novel metaphors. Our goal was to examine whether regions such
as the mPFC that revealed increased activation for positively
valenced versus neutral novel metaphors, also showed increased
activation for positively valenced versus negatively valenced novel
metaphoric processes. This result would indicate that mPFC mod-
ulation would be specific to positively valenced novel metaphors,
rather than due to non-specific effects of valenced stimuli (i.e.,
due to both positive and negative valence). We found three regions
including the mPFC, RMFG, and right parahippocampal cortex,
which all showed greater activation for positively valenced versus
negatively valenced novel metaphoric processes. Together, these
results suggest that positively valenced stimuli modulated both
the mPFC and RMFG implicated in attention and cognitive con-
trol processes, which are critical for building novel metaphoric
meanings. Only the mPFC region revealed activation for posi-
tively valenced novel metaphors when compared to both neutral
and negatively valenced metaphors, indicating regional specific
effects of positive stimuli. Thus, mPFC modulation during novel
metaphoric comprehension, was specific to stimuli that were pos-
itively valenced. We also found that positively valenced stimuli
modulated the formation and storage of these creative novel
metaphoric meanings into long-term memory to a greater extent
than negatively valenced stimuli via activation of the right parahip-
pocampal cortex. Only one region, the left inferior occipital gyrus,
implicated in visual perception showed increased activation for
negatively valenced novel metaphors versus positively valenced
novel metaphors.

We did not find any regions that showed greater activation
for positively valenced conventional metaphors versus negatively
valenced conventional metaphors when participants were recall-
ing a familiar meaning. However, we did find one region, the
left fusiform gyrus, which showed greater activation for nega-
tively valenced conventional metaphors versus positively valenced
conventional metaphors. This result indicates that when partici-
pants recalled a conventional meaning, they directed greater visual
attention to negative information via modulation of the fusiform

gyrus.

LIMITATIONS

The present findings reveal that a positive valence can
enhance metaphorical comprehension, specifically creative novel
metaphoric comprehension. Yet, one limitation of the current
study is the modest sample size. Limited sample power pre-
cluded FDR correction for multiple comparisons at a whole-brain
level. Therefore, the whole-brain analyses must be interpreted
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with caution. However, the convergent findings from the ROI
analyses as well as the four principal whole-brain analyses all
reveal that participants correctly made more meaningful judg-
ments when metaphors were positively valenced via modulation of
the mPFC. The mPFCis a region that mediates attention processes,
enabling participants to have a greater scope of attention in order
to detect many different possible associations that may link the
unfamiliar word pairs together. Increased control mediated by
the mPFC, also promotes the elimination of interpretations that
are meaningless in order for participants to select a reasonable
interpretation that links the novel words together in a meaning-
ful way. With the convergent findings from the ROI analyses and
the four principal whole-brain fMRI analyses which all reveal that
the mPFC mediates metaphoric processes, particularly creative
novel metaphoric processes, that were specifically facilitated by
positively valenced stimuli but not by negatively valenced stimuli,
we believe that the current results will be replicated with a larger
sample size.

CONCLUSION
In summary, the combined use of ROI and whole-brain analy-
ses illustrate that participants were more accurate and faster

when processing the meaning for metaphors that were posi-
tively valenced, which was accompanied by enhanced neural sig-
nal in the mPFC. The mPFC, more consistently than the PCC,
was activated during positively valenced metaphors in general,
but specifically during positively valenced novel metaphors. The
present findings reveal that mPFC modulation of metaphoric
processes, particularly novel metaphoric processes, was specific
to positively] valenced stimuli but not to negatively valenced stim-
uli. Together, these results reveal that affective valence, specifically
a positive valence, can modulate mPFC activation, likely through
enhancing attention and cognitive control processes, to predispose
and facilitate the more creative aspects of semantic processing,
i.e., the comprehension of novel metaphoric expressions. These
findings suggest that behavioral treatments which increase hedo-
nic capacity and/or harness hedonic mechanisms in the brain
may help to generate improved creative cognitive performance.
A better understanding of the neural mechanisms that mediate
emotion-cognition interactions in creative language and cognition
is warranted in the future.
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APPENDIX

Table A1 | Examples of conventional metaphors, novel metaphors,

and unrelated word-pairs.

Conventional metaphors Novel metaphors

Unrelated word pairs

Sweet revenge Flimsy spirit

Biting remark Tidy prose

Nature call Sunny enthusiasm
Lion heart Imagination flight
Dark thoughts Realization spark
Face value Romantic dexterity
Weighty decision Combustible look
Absolute pitch Mercy blanket
Glowing review Concrete inhibitions
Silken lies Blue moaning

Cheek brains
Splendor dog
Teeth tree
Opinion vegetable
Vision ticket
Stocks hand

Juicy iron

Grain computer
Road bees
Withered depth
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