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Romantic love has been the source for some of the greatest achievements of mankind throughout the
ages. The recent localization of romantic love within subcortico—cortical reward, motivation and emotion
systems in the human brain has suggested that love is a goal-directed drive with predictable facilitation
effects on cognitive behavior, rather than a pure emotion. Here we show that the subliminal exposure of
a beloved’s name (romantic prime) during a lexical decision task dramatically improves performance in
women in love (Experiment 1), as the subliminal presentation of a passion’s descriptive noun does
(Experiment 2). The parallel between love and passion allows us to interpret these facilitation effects as
corresponding to cognitive top-down processes within a motivation-enhanced neural network.

INTRODUCTION

A dominant perspective in neuroscience and
experimental psychology is that the subliminal
presentation of elementary emotions can facil-
itate subsequent motor responses (affective
priming; De Houwer, Hermans, & Eelen, 1998;
De Houwer & Randell, 2002; Fazio, Sanbon-
matsu, Powell, & Kardes, 1986; Fitzsimons &
Bargh, 2003; Hermans, De Houwer, & Eelen,
1994, 2001; Klauer & Musch, 2001; Murphy &
Zajonc, 1993; Musch & Klauer, 2003; Rossel &
Nobre, 2004; Wentura, 2000). In this framework,
brief presentation (typically less than 50 ms) of a
visual stimulus (prime) induces a change in the
speed or accuracy of the processing of a follow-
ing target stimulus (facilitation priming effects;
Henson, 2003). Because facilitation priming
effects occur on motor systems, one might

conclude that perceptual information can affect
stimulus-response mappings without necessarily
being consciously perceived (e.g., Eimer &
Schakenberg, 1998; Fazio et al., 1986; Henke,
Landis, & Markowitsch, 1994; Neumann &
Klotz, 1994; Taylor & McCloskey, 1990; Tulving
& Schacter, 1990). Interestingly, these facilitation
priming effects occur not only at a motor level
(e.g., Eimer & Schakenberg, 1998; Neumann &
Klotz, 1994), but also at a higher-order cognitive
level. For instance, for language, several studies
have demonstrated the existence of facilitation
effects after a subliminal presentation of a word
prime during a lexical decision task. These
findings have suggested that facilitation priming
effects arise not only when the relation between
prime and target is a perceptual one, but also
when it is a purely conceptual one (e.g., Henson,
2003; Morris, Ohman, & Dolan, 1999; Musch &
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Klauer, 2003; Reynvoet, Gevers, & Caessens,
2005; Stapel and Koomen, 2005; Whalen, Rauch,
Etcoff, Mclnerney, Lee, & Jenike, 1998§;
Wentura, 2000). In other words, facilitation
priming effects extend to the level of motor
programming in the absence of direct stimulus-
response mappings.

Studies using hemodynamic techniques of
functional magnetic resonance imaging (fMRI)
and positron emission tomography (PET) have
reinforced this latter assumption by demonstrat-
ing facilitation priming effects in numerous re-
gions of the human brain, with the specific
regions depending on the type of stimulus and
the level of the association. In particular, some
neuroimaging studies recently demonstrated that
the influence of unconscious semantic primes
might operate on motor areas (Dehaene et al.,
1998). These findings have suggested that the
influence of primes on response-selection stages
occurs through “top-down” amodal representa-
tions (Dehaene et al., 1998; Henson, 2003).

At least two potential effects can explain
facilitation priming effects: (1) automatic spread-
ing of activation in a semantic conceptual
network from the prime to affectively congru-
ent targets (Bargh, Chaiken, Govender, & Pratto,
1992; Bargh, Chaiken, Raymond, & Hymes,
1996; Collins & Loftus, 1975; Dehaene et al.,
1998; Fazio, 2001; Hermans et al., 1994, 2001;
Naccache & Dehaene, 2001; Neely, 1977;
Niedenthal & Halberstadt, 1995; Reynvoet
et al., 2005; Spruyt, Hermans, De Houwer, &
Eelen, 2004); and (2) strategic/attentional effects
(Musch & Klauer, 2003; Posner & Snyder, 1975).
Whereas automatic spreading of activation from
[conceptual] affective-associations is one of the
most fundamental precepts of several modern
cognitive-representational theories of emotion
and general appraisal models of emotion genera-
tion (Hermans et al., 2001; Musch & Klauer,
2003), there is no direct support that automatic
spreading of activation also exists for intense
romantic love.

Intense romantic love is defined as a comp-
lex state involving erotic, cognitive, chemical,
and goal-directed behavioral components (Aron
& Aron, 1986; Brehm, Miller, Perlman, & Miller
Campbell, 2002; Buss, 2003; Fisher, 2004; Gonzaga,
Keltner, Londahl, & Smith, 2001; Hatfield &
Rapson, 1993; Hatfield & Walster, 1978; Johnson,
1921; Mashek, Aron, & Fisher, 2000; Rubin, 1970;

Shaver, Schwartz, Kirson, & O’Connor, 1987;
Shaver, Morgan, & Wu, 1996; Sternberg, 1986;
Sternberg & Barnes, 1988; Tennov, 1979).

Intense romantic love does not just mean
loving someone, but it also means ‘“being in
love” (Berscheid & Meyers, 1996; Hatfield &
Rapson, 1996; Hatfield & Walster, 1978; Johnson,
1921; Sternberg, 1986; Sternberg & Barnes, 1988;
Tennov, 1979; Troy, 2005).

For instance, when involved in a romantic,
passionate and intimate relationship, the person
actively strives for the happiness of the loved
person (Clarks & Mills, 1979). Intense romantic
passionate love is often coupled with the inability
to feel romantic passion for more than one
person at a time (e.g., Berscheid & Meyers,
1996). Individuals who report feelings of intense
romantic attraction admit thinking about the
beloved over 85% of their waking hours (Tennov,
1979). Over the last century, a broad literature
has been published on the explicit behavioral
effects and correlates of romantic love (e.g.,
Brehm et al.,, 2002; Buss, 2003; Fisher, 1998,
2004; Jonhson, 1921). For instance, different
effects of love have been reported, such as
euphoria, loss of appetite, hyperactivity, delay
of the onset of fatigue, and a decreased need for
sleep (Aron, Fisher, Mashek, Strong, Li, &
Brown, 2005; Bartels & Zeki, 2000, 2004; Brehm
et al., 2002; Buss, 2003; Fisher, 1998, 2004; Fisher,
Aron, Mashek, Li, & Brown, 2002; Gonzaga
et al, 2001; Hatfield & Rapson, 1993, 1996;
Hatfield & Walster, 1978; Kaplan & Sadock,
1998; Shaver et al., 1987; Sternberg, 1986;
Sternberg & Barnes, 1988; Tennov, 1979). It has
also been shown that intense romantic love
has stress-reducing and health-promoting poten-
tials (Esch & Stefano, 2005).

Functional imaging is beginning to unravel the
human neural correlates of intense romantic love
within a subcortico—cortical reward, motiva-
tional, and emotional system (Aron et al., 2005;
Bartels & Zeki, 2000; Fisher et al., 2002; Fisher,
Aron, & Brown, 2005; Najib, Lorberbaum, Kose,
Bohning, & George, 2004). In particular, specific
brain areas, such as the medial insula (mainly on
the left), the head of the caudate nucleus and the
putamen (both stronger on the left), the ventral
tegmental area, bilateral anterior cingulate cor-
tex, bilateral posterior hippocampus, left inferior
frontal gyrus, left middle temporal gyrus, right
parietal lobe and cerebellum, showed a specific
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increased activity in response to intense romantic
love, as compared to friendship (Aron et al., 2005;
Bartels & Zeki, 2000). Critically, a recent study
investigating the correlations between BOLD
responses and highly subjective feeling of love
has demonstrated a positive involvement of the
antero-medial caudate nucleus and the septum
fornix region (Aron et al., 2005). Similarly,
correlations between the degree of cerebral
activation and participants’ reported length of
time in love have demonstrated positive activa-
tions in the right mid-insular cortex, right anterior
cingulate cortex, bilateral posterior cingulate
cortices, left inferior frontal gyrus, left ventral
putamen/pallidum, left middle temporal gyrus,
and right parietal lobe (Aron et al., 2005).
Negative correlations were also found in the
posterior cingulate gyrus/BA 30/retrosplenial cor-
tex, indicating that the shorter (1-7 months) the
relationship is, the greater these brain areas are
activated (Aron et al., 2005).

Taken together, these results demonstrate that
intense romantic love takes place within a mod-
ular network that can be differently activated
according to the potential fluctuations of love
(e.g., intensity). In particular, intense romantic
love mainly activates brain regions with a high
concentration of receptors for dopamine and a
related agent, norepinephrine, i.e., the chemical
messengers closely tied to states of euphoria,
craving, addiction, heightened attention, or sleep-
lessness (Aron et al., 2005; Bartels & Zeki, 2000,
2004; Esch & Stefano, 2005; Fischer, 1998, 2004;
Fisher et al., 2002, 2005).

Critically, this love-related neural network
corresponds to a subcortical network that is
well-known to mediate reward and motivation
processes (Aron & Aron, 1991; Aron et al,
2005; Elliott, Friston, & Dolan, 2000; Esposito,
Porrino, Seeger, Crane, Everist, & Pert, 1984;
Hollerman, Tremblay, & Schultz, 2000). As it
has been proposed for attractiveness (Kampe,
Frith, Dolan, & Frith, 2001; O’Doherty, Winston,
Critchley, Perrett, Burt, & Dolan, 2003), these
functional imaging results reinforce the important
role of both the reward and the motivational
system in social interactions.

Based on these functional imaging results, it
has been recently assumed that love is a goal-
directed drive with predictable positive facilita-
tion effects on cognitive behavior, rather than a
pure selective emotion without any motivational

or reward mechanisms (Aron et al., 2005). Given
that this love-related cerebral network also occurs
within both the subcortical “unconscious” and
cortical “conscious’ pathways that are known to
interact for integrating emotions and reasoning
(Fisher, 2004; LeDoux, 1996), one might also
assume that intense romantic love has not only
conscious but also unconscious facilitation effects
on cognitive performance (Aron et al., 2005).
However, to our knowledge the behavioral
evidence reinforcing such an assumption has not
been demonstrated yet. Thus, we specifically
assessed this question within a framework of a
lexical decision task embedded in a priming
paradigm, which is one of the more reliable
ways of observing unconscious facilitation effects
if they exist.

Thus, our aim was twofold: (1) to assess
whether facilitation priming effects exist for love
(Experiment 1); and (2) if so, to verify whether
this phenomenon depends on mechanisms that
are related to a goal-directed drive leading to
varied emotions, as previously predicted (Aron &
Aron, 1986; Aron et al., 2005), or a specific
emotion (Gonzaga et al.,, 2001; Shaver et al.,
1987, 1996; Experiment 2).

EXPERIMENT 1

In Experiment 1, we aimed to investigate whether
a subliminal presentation of a beloved’s name
could boost the neuronal organization of a
cognitive function, such as language. We assessed
this question in women passionately in love
versus women ‘‘out of”’ passionate love, using a
standard lexical decision task embedded in a
standard subliminal priming paradigm that
included different novel types of masked primes
(a beloved’s name; a friend’s name, and a non-
word; Experiment 1). Our main hypothesis was
that if intense romantic passionate love activates
mental representations from ‘“top-down” me-
chanisms coming from the love-dedicated neural
network, subliminal presentation of a beloved’s
name (‘“‘romantic love priming”) should inter-
act with and even facilitate subsequent cogni-
tive behavior, as previously demonstrated
for other emotions (De Houwer et al., 1998,
2002; Ferguson & Bargh, 2004; Fitzsimons &
Bargh, 2003; Hermans et al., 1994, 2001; Kawa-
kami, Dovidio, & Dijksterhuis, 2003; Klauer &
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Musch, 2001; Murphy & Zajonc, 1993; Shah, 2003;
Wentura, 2000).

Method

Farticipants. In total, forty-six healthy hetero-
sexual women, aged 18-56 years provided
written informed consent to participate in the
experiment. All participants were French speak-
ers with normal or corrected-to-normal vision,
no medication, and no chemical dependency, and
no psychiatric or neurological illnesses. We
assessed the feeling of love and their subjective
feeling of being or not in an intense romantic
state of love using a detailed interview based on
standard questionnaires (Fisher, 2004; Hatfield
& Rapson, 1993, 1996; Rubin, 1970; Sternberg,
1986; Tennov, 1979). This interview provided
insights into the women’s feelings about their
beloved, the duration and the intensity of their
love relationship, and percentage of time they
think about their beloved during their waking
hours.

Women in passionate love. Twenty-six healthy
women, aged 18—56 years (mean 33 years) had
been in love with their partner for periods
ranging from 15 days to 13 years. On average,
all admitted thinking about their partner over
85% of their waking hours (M =85.58%, SD =
10.33). All women in love were aware of being
in a state of romantic passion. Phenomenologi-
cally, they declared feeling ‘‘butterflies” in their
stomach, experiencing a pounding heart and
other bodily reactions as soon as they thought
of their partner. They also declared that they felt
love at first sight. Subjectively, all women in love
defined their romantic relationship as harmony
combining with joy, trust, respect, sexual desire,
as well as feelings of union and synergy with
their partner. Each participant completed the
standard Passionate Love Scale (PLS), a 9-point
Likert scale self-report questionnaire, which
measures several traits commonly associated
with romantic love (Hatfield & Sprecher,
1986). PLS scores confirmed the subjective
feeling of love of the participants (M =8.32,
SD =0.42).

Women “‘out-of” passionate love (control
group). Twenty healthy women, aged 23—47 years
(mean 35 years) had been with their partner for

periods ranging from 10 days to 30 years. In
average, all admitted thinking about their partner
only 36% of their waking hours (M =35.5%,
SD =21). All women ‘“‘out-of”” love were aware
of not being in a state of romantic passion, but
rather in a state of companionate love. Phenom-
enologically, they declared not feeling ‘“‘butter-
flies” in their stomach or any other bodily
manifestations when they thought of their part-
ner. Subjectively, all women ‘“‘out-of” love with
their partner defined their relationship as amity
combining with trust and respect for a partner.
PLS scores confirmed the subjective feeling of the
participants (M =6.37, SD =0.98).

A t-test for independent samples showed sig-
nificant different PLS scores between the two
groups of participants, #(44) =9.12, p <.0001.

Procedure. Participants were instructed to
indicate as rapidly and as accurately as possible
whether or not a target letter-string was a
French word. Responses were made by pressing
one of two response buttons on a keyboard with
fingers of the right hand (response “yes” with
the index and response ‘“no” with the middle).
Participants were not explicitly asked to judge
the emotional content of the target words. The
presence of the prime was not mentioned to the
participants. Participants were not aware that
the lexical decision task included their beloved’s
name and their friend’s name. To ensure that
participants were not aware of the subliminal
characteristics of the primes, we used an ex-
tensive debriefing procedure in which partici-
pants were asked increasingly specific questions
about the study. This procedure revealed that all
participants reported that they had seen flashes.
However, no participant could report on the
specific emotional or semantic contents of the
flashes.

Apparatus. The experiment was run using
E-Prime (Psychology Software Tools Inc., Pitts-
burgh, USA). Each trial began with a fixation
cross that was presented for 500 ms and followed
immediately by a masked prime stimulus and a
target stimulus. The mask consisted of a row of 10
US pound signs (#HHHHHHHAH). The target stimulus
appeared immediately afterward, in the same font
and point size (lowercase 43 point Courier New
font). The stimulus onset asynchrony (SOA,; i.e.,
the interval between the onset of the prime and
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the onset of the target) was 173 ms. A random
1200—-1900 ms inter-stimulus interval separated
each target presentation in order to avoid any
attentional expectancy.

Stimuli and design. Three different masked
primes (“beloved”; ‘“friend”, “‘control”) were
presented centrally, silver on black on a computer
screen, and followed by three different target
letter-strings (non-obscene positive emotional,
neutral, non-words) that appeared in the same
fore and background color. In total, 168 targets
(three to eleven characters long) appeared for
13 ms, which was confirmed by photocell mea-
surements (E-prime Psychology Software Tools
Inc., Pittsburgh, USA) on a computer monitor
located 75cm from each participant. Targets
included 112 French words (including both non-
obscene positive emotional and neutral words)
and 56 pronounceable non-words. The selected
positive emotional (e.g., love) and neutral (e.g.,
fact) words had a mean usage frequency of 110
and 170 occurrences per million words, respec-
tively (Content, Mousty, & Radeau, 1990). No
significant difference in word frequency existed
between the emotional and neutral words, p =.23;
unpaired f-test.

Three types of primes were used—one with
the name of a beloved (beloved prime); one with
the name of a good friend (friend prime), and one
with a pronounceable non-word (control prime).
For the ““friend” prime, each participant gave a
name of a close friend of similar age, sex and
duration of friendship as their partner but with
the imposed condition that they did not feel any
emotional, physical, or intellectual attraction for
him. Each prime was associated with a visual
pattern mask such that conscious detection was
prevented (subliminal presentation). Each prime
(four to eleven characters long) appeared for
13 ms and the mask stayed on the screen for
160 ms, which was confirmed by photocell mea-
surements.

Statistical analysis. Mean reaction time and
percent of correct response were calculated for
each participant and condition. Data for each
group were submitted to a 2 x3 x3 analysis of
variance (ANOVA) with Primes (beloved; friend;
control) and Targets (emotional; neutral, non-
words) as within-subjects, and Groups (women in

love; women ‘“‘out-of” love) as between-subjects
(see Figure 1).

Results

Reaction times. Analysis of participant’s reac-
tion times revealed a significant interaction
between prime and group, F(2, 88)=13.11,
p <.0001, suggesting that women are faster
when stimuli are primed by a beloved’s name,
especially if these women are in love (M =600 ms,
SE =24.26) vs. women ‘‘out-of” love (M =688 ms,
SE =27.67). No interaction between Target and
Group, F(2, 88) =1.54, p =.22, or between Prime
and Target, F(4, 176) =093, p =.45, was ob-
served. However, a significant three-way
(Prime x Target x Group) interaction was ob-
tained, F(4, 176) =2.54, p =.041. This three-way
interaction suggests that women in love are
faster to detect words (Memotional words =582.02,
SE =25.01; Mpeutral woras =573.08, SE =28.17)
than non-words (M =644.14, SE =26.6) in com-
parison with women ‘“‘out-of” love (Memotional
words =099.24, SE =28.52; My cutral words =093.13,
SE =32.12; Myon-words =671.98, SE =30.33), espe-
cially when these stimuli are primed by a belo-
ved’s name. For ease of interpretation, Figure 1
shows this interaction.

A negative correlation was observed be-
tween PLS scores and reaction times (the
more participants were in love, the faster they
were) for emotional (Pearson correlation,
r= —.401, p =.006) and neutral (Pearson corre-
lation, r= —.298, p =.044) words when primed
by a beloved’s name. However, no correlation
was found for non-words primed by a beloved’s
name (Pearson correlation, r = —.087, p =.567)
or for emotional (Pearson correlation, r=.021,
p =.891) or neutral (Pearson correlation, r=
027, p =.857) words when primed by a friend’s
name.

A negative correlation was also found between
the percentage of daily thoughts for the part-
ner and reaction times (the more participants
thought about their beloved every day, the faster
they were) for emotional (Pearson correlation,
r= —.432, p =.003) or neutral (Pearson correla-
tion, r = —.385, p =.008) words when primed by a
beloved’s name. However, no correlation was
found for non-words primed by a beloved’s
name (Pearson correlation, r = —.127, p =.401)
or for emotional (Pearson correlation, r=.045,
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Figure 1. Mean reaction times from Experiment 1. Mean reaction times in a lexical decision task are reported for the detection of
targets in link with the prior subliminal presentation of different primes for a name of the beloved (red), a name of a friend of similar
age, sex and duration of friendship as the beloved (blue), or a non-word prime (black) that served as a control condition. Mean
reaction time from the three experimental blocks were calculated for each condition and were submitted to an 2 x3 x3 factorial
ANOVA with Prime type (beloved, friend, or control) and Target type (emotional, neutral, or non-word) as within-subjects; and
Group (in love and “out-of” love) as between-subjects. All statistical comparisons were associated with p values of less than .05
(***p <.0001; *p <.05; NS =non-significant). Error bars correspond to the standard errors of the mean of each condition
individually. Results indicate that only women in love benefit from subliminal romantic love priming during decision making.

p =.767) or neutral (Pearson correlation, r =.084,
p =.577) words when primed by a friend’s name.

Accuracy. Analysis of participant’s accuracy did
not reveal any significant interaction between
prime and group, F(2, 88)=0.87, p=.42, or
between target and group, F(2, 88)=0.017,
p =.98. However, the interaction between prime
and target reached significance, F(4, 176) =3.62,
p =.007, suggesting that targets are better de-
tected when they are primed by a beloved’s name,
except if they are non-words. A three-way inter-
action between Prime, Target and Group did not
reach significance, F(2, 88) =1.28, p =.28.

Discussion

In Experiment 1, we wanted to test whether
facilitation priming effects could occur for love.

The results are clear-cut. Three main results are
important in this respect. First, we found that
women in love were faster in detecting target
stimuli when primed by a beloved’s name, as
compared to a friend’s name. Moreover, these
facilitation romantic love priming effects were
only present in women in love and not in women
“out-of” love. Finally, this phenomenon only
occurred for word detection, suggesting that
women in love are not simply faster than women
“out-of” love in general but take advantage of the
romantic love priming during decision making.
These facilitation effects of romantic passionate
love on decision making demonstrate that roman-
tic love priming occurs at an associative level
rather than a perceptual level.

The fact that these facilitation effects occur
for positive emotional words is in line with
previous research on affective priming suggest-
ing that responses to target words are faster
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when words are preceded by similar (vs. dissim-
ilar) affective prime stimuli. In this sense, facil-
itation romantic love priming effects on positive
emotional words can be explained by spreading
activation accounts that assume that similarly
valenced items in memory are associated with
one another (e.g., Bargh et al., 1992, 1996;
Collins & Loftus, 1975; Ferguson & Bargh,
2004; Fitzsimons & Bargh, 2003; Hermans
et al.,, 1994, 2001; Innes-Ker & Niedenthal,
2002; Musch & Klauer, 2003; Niedenthal &
Halberstadt, 1995; Shah, 2003; Spruyt et al.,
2004). Interestingly, in the present study, these
facilitation effects also occur for neutral words,
which have only a conceptual relationship with
primes.

Whereas this result could be interpreted as a
contradictory effect of affective priming, this
rather calls for automatic non-associative seman-
tic priming, namely associative relatedness. Asso-
ciative relatedness is defined as the extent to
which the activation of one concept will call to
mind another concept due to their repeated
temporal or spatial co-occurrence (e.g., Spruyt
et al., 2004). This is in agreement with recent
modeling of cortical language representation that
applied Hebbian principles to posit that words’
representations may be segregated throughout
cerebral hemispheres by their conceptual struc-
tures (see Pulvermuller, 1996, for a review). Thus,
our findings reinforce our hypothesis suggesting
that intense romantic love activates mental re-
presentations that are parts of that particular
emotional state and thus, implicitly modulates
behavior, as previously suggested for other emo-
tions (e.g., Bargh et al., 1992, 1996; De Houwer
et al., 1998, 2002; Ferguson & Bargh, 2004;
Fitzsimons & Bargh, 2003; Hermans et al., 1994,
2001; Klauer & Musch, 2001; Murphy & Zajonc,
1993; Shah, 2003; Wentura, 2000). Because these
significant facilitation effects of romantic love
priming occurred only in women in love, one
could wonder whether other stimuli that are of
passionate interest to a participant might have the
same beneficial effects on behavioral perfor-
mance as romantic passionate love does. More-
over, based on the current theories in
neuroscience, it might be of interest to determine
whether romantic love priming parallels passion
priming. Because passion is not only an emotion
but rather a motivated desire that coexists with
reason (Kant, 1798) that corresponds to a goal-

directed drive (Fisher, 2004), our second hypoth-
esis was that if passion and intense romantic love
share some motivational components, subliminal
presentation of passion’s primes should parallel
beneficial effects of romantic love’s primes. Cri-
tically this similar effect should be observed only
in women who are intensively in love.

In order to clarify whether facilitation effects
of love are secondary not only to emotional but
also to motivational influences on cognitive
behavior, we introduced a novel type of priming,
i.e., passion priming (Experiment 2). Although we
believe that passion for a person is different to
passion for sports, arts or objects, we assume that
these two components might share some common
mechanisms that could be observed on cognitive
behavior.

EXPERIMENT 2

Method

Participants. In total, thirty-six healthy hetero-
sexual women, aged 20.1+3.1 years provided
written informed consent to participate in the
experiment. Participants were recruited in the
same way as in Experiment 1. Moreover,
all participants had a favorite passion in life
(e.g., science, sport, art). In order to avoid any
differences in passion’s intensity between the two
groups, every participant was asked to indicate a
passion’s descriptive noun that she thought about
more than 60% of the day. Moreover, in order to
verify that these selected passion’s descriptive
nouns did not differ in terms of number of letters,
we performed an unpaired t-test that did not
reveal any significant differences, #(34)=1.07,
p =.29, between the two groups (in love and
control women).

All participants were English speakers with
normal or corrected-to-normal vision, no medica-
tion, no chemical dependency, and no psychiatric
or neurological illnesses.

Women in passionate love. Eighteen healthy
women, mean age 20.8+3.8 years (range 18 to
31 years) had been in love with their partner for
periods ranging from 15 days to 36 months. In
average, all admitted thinking about their partner
over 82% of their waking hours (M =82.06,
SD =12.04). All women in love were aware of
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being in a state of intense romantic passion with
their partner. Each participant completed the
standard PLS (Hatfield & Sprecher, 1986). PLS
scores confirmed the subjective feeling of love of
the participants (M =8.49, SD =0.47).

Women “out-of” passionate love. Eighteen
healthy women, mean age 19.5+2.1 years (range
18 to 26 years) had been with their partner for
periods ranging from 30 days to 60 months. In
average, all admitted thinking about their partner
only 35% of their waking hours (M =35.28%,
SD =12.89). All women ‘out-of” love were
aware of not being in a state of intense romantic
passion with their partner. PLS scores confirmed
the subjective feeling of the participants (M =6.9,
SD =1.23).

A t-test for independent samples showed sig-
nificant different PLS scores between the two
groups of participants, #(34) =5.11, p <.0001.

Design and procedure. Design and procedure
were identical to those of Experiment 1.

Apparatus. This experiment was carried out
using Matlab 7.0.1 and Cogent 2000 developed at
the Laboratory of Neurobiology and the Well-
come Department of Imaging Neuroscience, Uni-
versity College London. Each trial began with
central presentations of a 26 ms masked-prime
stimulus and a 26 ms target stimulus. As in
Experiment 1, the mask consisted of a row of 10
US pound signs (####HH###). The target stimulus
appeared immediately afterward, in the same font
and point size (lowercase 43 point Courier New
font). The stimulus onset asynchrony (SOA; i.e.,
the interval between the onset of the prime and
the onset of the target) was 176 ms. A random
1500—-6000 ms inter-stimulus interval separated
each target presentation in order to avoid any
attentional expectancy.

Stimuli. We selected as target stimuli 40 non-
obscene positive emotional words from the
Affective Norms for English Words (ANEW;
Bradley & Lang, 1999), and 20 pronounceable
non-words.. As a control condition, 20 blank
presentations were also performed. In the blank
condition, participants were asked to select “‘non-
words”. Three types of primes were used—one
with the name of a beloved (beloved prime); one
with the name of a good friend (friend prime),

and one with a name of a passion (passion prime).
As in Experiment 1, for the “friend” prime, each
participant gave the name of a close friend of
similar age, sex and duration of friendship as their
partners, but with the imposed condition that they
did not feel any emotional, physical, or intellec-
tual attraction for him. For the passion prime,
each participant gave the name of a favorite
hobby. The different types of stimuli, one for
each condition of the 3 x3 factorial design, were
randomly presented in a run and ordered accord-
ing to a Latin square.

Statistical analysis. Behavioral data were ana-
lyzed using a 2x3x3 ANOVA with Target
(word, non-word, blank) and Prime (‘“beloved”,
“friend”, “passion”) as within-subjects and
Group (in love, “out-of” love) as between-sub-
jects (see Figure 2).

Results

Reaction times. Analysis of participant’s reac-
tion times revealed no interaction between Target
and Group, F(2, 68)=0.97, p=.38, or bet-
ween Prime and Target, F(4, 136) =1.91, p =.11,
or between Prime and Group, F(2, 68)=2.26,
p=.11.

However, a significant three-way interac-
tion, Prime x Target x Group, F(4, 136)=3.25,
p =.014, was observed, suggesting that women
are faster to detect words when they are primed
by a beloved’s name or a passion’s descriptive
noun as compared to words primed by a friend’s
name, especially if these women are passionately
in love (Myeloved's name =526.83 ms, SE =29.40;
Miriend’s name =584.94 ms, SE =40.55; Mpassion’s
descriptive noun =540.28 ms, SE =31.75). Women
who were not passionately in love did not present
such a pattern of response (Mpeloved's name =
635.50 ms, SE =20.56; Mpiend's name =629.11 ms,
SE:23537 Mpassion’s descriptive noun:621-39 ms,
SE =19.43).

Post-hoc analyses (paired t-test) reinforced
that only women who were passionately in love
took advantage of the subliminal presentation of
a beloved’s name during word detection as
compared to a friend’s name, women in passio-
nate love, #(17) =3.22, p =.005; women ‘‘out-of”
passionate love, #(17) =0.72, p =.48. T-test for
independent samples reinforced this finding de-
monstrating that only women in love (as com-
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Figure 2. Mean reaction times from Experiment 2. Mean reaction times in a lexical decision task are reported for the detection of
targets in the prior subliminal presentation of different primes for a name of the beloved (WL, for words, NWL for non-words and
BL for blanks), a name of a friend (WF, for words, NWF for non-words and BF for blanks) and a name of a passion (WP, for words,
NWP for non-words and BP for blanks). Mean reaction time from the six experimental blocks were calculated for each condition
and were submitted to an 2 x 3 x 3 factorial ANOVA with Prime type (beloved, friend, passion) and Target type (words, non-words,
blanks) as within-subjects; and Group (in love and “out-of”” love) as between-subjects. All statistical comparisons were associated
with p values of less than .05 (**p <.005, *p <.05; NS =non-significant). Error bars correspond to the standard errors of the mean of
each condition individually. Results indicate that only women in love benefited from both the subliminal love and passion priming

during decision making.

pared to control) benefited from the facilitation
effects of love primes during word detection,
1(34) =3.03, p =.005.

Interestingly, additional paired f-tests showed
that both the women who were passionately in
love and the women who were not passionately in
love benefited from the subliminal presentation
of a passion’s descriptive noun [for women in
passionate love: paired f-test between passion and
friend primes: #(17) =2.59, p=.019, Mpassion's
descriptive noun:540-28 ms, SE=31.75, Migicnas
name =384.94 ms, SE =40.55; for women ‘‘out-
of” passionate love: passion vs. love prime:
t(17) :2527 p :029 Mpassion’s descriptive noun —
621.39 ms, SE =19.43, Mycioved's name =635.50 ms,
SE =20.56]. Nevertheless, a t-test for independent
samples showed that these facilitation effects of
passion were more significant for women who
were passionately in love than for women
who were not passionately in love, #(34) =2.18,
p =.036. Paired #-test performed in women who

were passionately in love also revealed similar
facilitation effects between love and passion
primes, #(17) =1.49, p =.16.

A negative correlation was observed between
PLS scores and reaction times obtained for
emotional words when primed by a beloved’s
name (Pearson correlation, r = —.502, p =.002).
No correlation was found for non-words primed
by a beloved’s name (Pearson correlation,
r= —.208, r=.223). Surprisingly, a similar nega-
tive correlation was found for emotional words
primed by a friend’s name (Pearson correlation,
r=—.364, p=.029). A negative correlation was
also found between PLS scores and reaction times
related to passion’s descriptive nouns (Pearson
correlation, r = —.427, p =.009).

As in Experiment 1, a negative correlation was
also found between the percentage of daily
thoughts for the partner and reaction times
obtained for emotional words primed by a
beloved’s name (Pearson correlation, r = —.555,
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p <.0001). No correlation was found for non-
words primed by a beloved’s name (Pearson
correlation, r = —.303, r=.073). As in Experi-
ment 1, no correlation was found for emotional
words primed by a friend’s name (Pearson
correlation, r = —.286, p =.091). Interestingly, a
negative correlation was found between percen-
tage of thoughts and reaction times related to
passion’s descriptive nouns (Pearson correlation,
r= —.435, p =.008).

Accuracy. Analysis of participant’s accuracy
did not reveal any interaction between prime
and group, F(2, 68)=0.18, p =.84, or between
target and group, F(2, 68)=0.83, p=.44, or
between prime and target, F(4, 136) =0.78, p =
.54. Also, there was no significant three-way
interaction (Prime x Target x Group), F(4, 136) =
1.03, p =.39.

Discussion

In Experiment 2, we tested the hypothesis that
facilitation romantic love priming effects are
sustained by common mechanisms with passion
priming effects. The effects obtained support this
hypothesis. First, we replicated the significant
romantic love priming effects we observed in
Experiment 1. As in Experiment 1, these effects
were only present for women in love and for word
detection. As in Experiment 1, no similar effect
was observed for non-word (or blank) targets.
Second, similar facilitation effects were observed
with passion priming for all subjects. Because
facilitation effects of passion were observed in all
subjects regardless of whether they were passio-
nately in love, our results suggest that one intense
motive is enough to energize other goals. Inter-
estingly, in respect to our hypothesis, women in
love benefited similarly from love and passion
primes during word detection. Moreover, women
in love were significantly faster than women “‘out-
of”” love. Indeed, although women “out-of” love
benefited in some way from passion priming as
compared to a romantic love priming for word
detection (slightly faster to detect words primed
by a passion’s descriptive noun), facilitation
effects were much stronger (and opposite) in
women in love. Our results thus depend on the
internal state of the participants. Because facil-
itation passion priming effects parallel facilitation
romantic love priming effects, we assume that

love and passion share some common emotional—
motivational mechanisms, as previously assumed
(Aron et al., 2005; Fisher, 2004). Intense romantic
love, as passion, is a motivated desire that coexists
with cognition. More generally, our findings
reinforced the assumption that intense romantic
love, as an intense motivation, is a drive that
energizes and directs behavior to acquire a
particular biological need via the recruitment of
dopaminergic-rich neural regions (Aron et al.,
2005; Fisher, 2004; Fisher et al., 2005).

GENERAL DISCUSSION

Our results show that in women in love, sub-
liminal affective priming including the name of
their significant other (love prime) speeds their
responses during a lexical decision task. Our
findings reinforce the assumption that love is
not simply a static state, but also a dynamic state
sustained by great energy (Buss, 1988, 2003;
Johnson, 1921). “Love acts” (Aron et al., 2005;
Buss, 1988, 2003). To our knowledge, the present
beneficial effect of romantic love priming on
language has not been described before. On the
basis of recent neuroimaging data, we assume that
these results reflect an increase of cerebral brain
activity within the dopaminergic system (Aron
et al., 2005; Bartels & Zeki, 2000). In particular,
the caudate nucleus, which is known to play
a crucial role in reward detection, expecta-
tion, representation of goals, and integration of
sensory inputs, could play a significant role
in the preparation for action (Aron et al., 2005;
Lauwereyns, 2006; O’Doherty, 2004).

Taken together, the present results are of
particular interest because love primes and target
words do not share any close emotional proper-
ties, but only distant conceptual—-semantic char-
acteristics. The fact that the facilitation effects
occur only for meaningful words (as compared to
non-words) indicates that women who are in
passionate love are not inherently faster than
women who are ““out of” passionate love whatever
the target stimulus but they are faster because of
the mental associations they have unconsciously
created in their minds in relation to their internal
state of being in love. This indicates that sub-
liminal romantic associations are sufficient to lead
to automatic conceptual primings on the basis of
associative relatedness. As such, our results are
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consistent with theoretical accounts of priming
effects that demonstrate not only evidence of
automatic associative semantic priming (e.g.,
Dehaene et al., 1998; Ferguson & Bargh, 2004;
Fitzsimons & Bargh, 2003; Naccache & Dehaene,
2001; Niedenthal & Halberstadt, 1995, 1997; Shah,
2003; Wig, Grafton, Demos, & Kelley, 2005), but
also evidence of non-associative semantic priming
(Niedenthal & Halberstadt, 1995, 1997; Spruyt
et al., 2004). Our findings demonstrate that prim-
ing effects of intense romantic love thus corre-
spond to an associative state rather than pure
reflex emotional feelings, as it has been suggested
for other facilitation priming effects (Dehaene
etal., 1998; Eimer & Schlaghecken, 2003; Ferguson
& Bargh, 2004; Fitzsimons & Bargh, 2003; Henson,
2003; Hulme, Roodenrys, Schweickert, Brown, &
Mercer, 1995; Innes-Ker & Niedenthal, 2002;
Shah, 2003).

In other words, we understand our results as
reflecting a general effect of the state of being in
love rather than a domain-specific effect having
to do with emotions per se.

As such, we interpret these facilitation effects
of subliminal romantic love as corresponding to
cognitive top-down processes that occur from
affective [romantic]-associations stored in long-
term memory. In this sense, we assume top-down
processes to occur within a love-enhanced neural
network to visual word form areas.

The results that we obtained in Experiment 2
support this. These findings reinforce the assump-
tion that love, like passion, is a goal-directed state
that induces various emotions rather than a
specific emotion without any motivational or
reward components (Aron & Aron, 1986; Aron
et al., 2005; Fisher, 1998, 2004). Because love
primes have similar beneficial effects as passion
primes (love primes and passion primes) in
women in love, one might indeed conclude that
facilitation priming effects are due to implicit
automatic spreading of activation from both
[emotional] romantic-associations stored in long-
term memory and [motivational] passion-associa-
tions, at least in women in love. In this sense, the
present study demonstrates a causal linkage
between the state of being in love and human
cognition.

Furthermore, the fact that only women inten-
sively in love benefited from both passion and
romantic love priming indicates that it is not only
the type of prime that is important, but also the

state of the participants. In other words, women in
love seem to react to any stimuli that are salient
for their state. Our findings give further support
to the assumption that intense romantic love
corresponds to a functionally specialized brain
system, which is a modular system that converges
onto cerebral regions storing motivating stimuli
and memories dependent on the individual and
the context (see Aron et al., 2005, for a review).
In this respect, intense romantic love has an
overall effect on cognition.

CONCLUSION

The present study stresses that the functional
organization of the human brain can be modu-
lated not only by elementary emotional states,
but also by one of the most tremendous and
conceptual emotional state of human endeavors,
i.e., intense romantic love. Moreover, our find-
ings reinforce the well-assumed involvement of
love within an emotion-motivation system by
demonstrating its overall effect on cognition
(Aron & Aron, 1986; Aron et al., 2005; Fisher,
1998, 2004; Fisher et al., 2005). Our findings thus
emphasize how a state related to social interac-
tions can automatically influence behavior (e.g.,
Ferguson & Bargh, 2004; Fitzsimons & Bargh,
2003; Murphy & Zajonc, 1993), at least in women
in love. Whereas the value of neuroscience for
emotion (e.g., Cacioppo, 2004; LeDoux, 1996;
Norris, Chen, Zhu, Small, & Cacioppo, 2004)
and the psychology of love (e.g., Brehm et al.,
2002; Buss, 2003; Fisher, 2004; Hatfield &
Rapson, 1996; Sternberg, 1986; Sternberg &
Barnes, 1988; Tennov, 1979) are widely accepted,
our present findings reveal that the neuroscience
of love might also offer a new avenue to a human
being’s behavioral cognition.
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