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a b s t r a c t
Facial expressions play a key role in affective and social behavior. However, the temporal dynamics of the
brain responses to emotional faces remain still unclear, in particular an open question is at what stage of
face processing expressions might inﬂuence encoding and recognition memory. To try and answer this question we recorded the event-related potentials (ERPs) elicited in an old/new recognition task. A novel aspect
of the present design was that whereas faces were presented during the study phase with either a happy,
fearful or neutral expression, they were always neutral during the memory retrieval task.
The ERP results showed three main ﬁndings: An enhanced early fronto-central positivity for faces encoded as
fearful, both during the study and the retrieval phase. During encoding subsequent memory (Dm effect) was
inﬂuenced by emotion. At retrieval the early components P100 and N170 were modulated by the emotional
expression of the face at the encoding phase. Finally, the later ERP components related to recognition memory
were modulated by the previously encoded facial expressions.
Overall, these results suggest that face recognition is modulated by top-down inﬂuences from brain areas associated with emotional memory, enhancing encoding and retrieval in particular for fearful emotional
expressions.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
The interaction between emotion, perception and memory is a
central topic in cognitive neuroscience. Several studies have investigated the effect of emotions on encoding, i.e. the processes that
store data in memory, and retrieval, i.e. the recall of information
from long term memory. Behavioral, electrophysiological, lesion and
brain imaging studies have provided abundant evidence on the inﬂuence of emotion on memory (Adolphs, Tranel, & Denburg, 2000;
Bradley, Greenwald, Petry, & Lang, 1992; Cahill & McGaugh, 1998;
Dolan, 2002; Phelps, 2004) showing that emotional stimuli are
more efﬁciently encoded, consolidated, and retrieved than neutral
stimuli (LaBar & Cabeza, 2006). In keeping with this evidence, emotional arousing stimuli with negative value, such as stories (Cahill et al.,
1996; Heuer & Reisemberg, 1990), pictures (Hamann, et al., 1999),
words (Kensinger & Corkin, 2004), real-life events (e.g., D'Argembeau,
Van der Linden, Comblain, & Etienne, 2003; Talarico, LaBar, & Rubin,
2004), events depicted in ﬁlm clips (Burke, Heuer, & Reisberg, 1992;
Christianson, Loftus, Hoffman, & Loftus, 1991), are better remembered
than similar material lacking emotional content (for a review, see
Kensinger, 2004; LaBar & Cabeza, 2006; Phelps, 2004). In a similar
vein, electrophysiological evidences (Maratos & Rugg, 2001; Inaba,
Nomura, & Ohira, 2005) have shown that a better memory performance
⁎ Corresponding author at: Department of Psychology, University of Florence, Via di
San Salvi 12, 50100 Firenze, Italy. Tel.: + 39 055 6237859; fax: + 39 055 6236047.
E-mail address: srighi@uniﬁ.it (S. Righi).
0001-6918/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.actpsy.2011.09.015

for negative words, compared with neutral and positive, is associated to
larger old/new effects. Similarly, studies investigating the electrophysiological correlates of memory performance for pleasant vs. unpleasant
scenes (mainly from IAPS) reported an early (200–500 ms) fronto-central enhancement of the old/new effect only for unpleasant stimuli
(Schaefer, Pottage, & Rickart, 2011; Van Strien, et al., 2009). Despite the
wide literature on memory for emotional pictures with positive and negative valence there is a paucity of studies that systematically investigate
the effect of facial expression on recognition memory, i.e. the memory retrieval process that occurs through the re-experiencing of information
and involves a process of matching the external data with the memory
traces. Recognition memory for faces is a crucial topic for social neuroscience since the processing and the encoding of emotional signals
conveyed by faces is used to form impressions, to evaluate the intentions of others and to adapt future behavior (Adolphs, 2003; for review Vuilleumier & Pourtois, 2007). In particular, ﬁrst emotional
impressions about a person have been shown to affect face recognition
memory (D'Argembeau & Van der Linden, 2007; Todorov, Gobbini,
Evans, & Haxby, 2007), with the activation of several brain regions
when faces were remembered as foes rather than friends (Vrticka,
Andersson, Sander, & Vuilleumier, 2009). Consistently, negative facial
expressions, that represent a potential danger, are more efﬁciently processed than positive expressions (Öhman, et al., 2001; Williams, Palmer,
Liddell, Song, & Gordon, 2006). As far as temporal information is concerned, event related potentials (ERPs), characterized by an excellent
temporal resolution, showed that a rapid extraction of emotional signals begins early and unfolds over a large temporal window and across
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several processing stages (Eimer & Holmes, 2007). Differences between
emotional and neutral faces have been reported on fronto-central components beginning approximately 120 ms after face onset. These ﬁndings
suggest that some information about the affective meaning of visual
stimuli can be extracted rapidly, probably by fronto-temporal limbic
structures (Eimer & Holmes, 2002; Kawasaki et al., 2001), before the
construction of a detailed structural representation is computed
(~170 ms, Bentin, Allison, Puce, Perez, & McCarthy, 1996). In addition,
consistently with the view that signals of potential threat are given precedence in the neural processing streams, an early enhanced frontal
positivity for fear, but not happiness, has been described (Williams et
al., 2006). Moreover, several studies (Campanella, Quinet, Bruyer,
Crommelinck, & Guerit, 2002; Olofsson, Nordin, Sequeira, & Polich,
2008; Schupp et al., 2004) have found that the emotional content of
faces is also processed at later processing stages, as reﬂected by the
Late Positive Potential (LPP) which consists of a sustained positivity at
about 300 ms following stimulus onset and is enhanced for pleasant
and unpleasant as compared to neutral stimuli (Hajcak, Dunning, &
Foti, 2009; Schupp et al., 2000). Although the onset latency of P300
and LPP is similar, the shorter duration of P300, as well as its sensitivity
to non-emotional manipulations, led to the suggestion that the P300
might reﬂect the initial allocation of attention to motivationally salient
stimuli, whereas the later LPP might be more speciﬁcally related to the
stimulus signiﬁcance (Schupp et al., 2004; Foti & Hajcak, 2008; Hajcak
et al., 2009). Interestingly, the LPP has been related also to memory
encoding (Dolcos & Cabeza, 2002). These ﬁndings highlight the important interaction between emotion and perception; however, only few
studies have tracked the temporal dynamics of the effect of facial emotion on memory. Moreover, the results of the studies investigating the
effect of emotion on memory are scarcely consistent, probably due to
the fact that different paradigms have been used. For example, Graham
& Cabeza (2001), during a study-test procedure with only happy and
neutral faces, found a left lateralized late frontal effect for happy but a
right late frontal effect for neutral faces. Furthermore, Johansson,
Mecklinger, and Treese(2004) reported an enhancement of the parietal old/new effect for correctly remembered negative faces. However, it
is impossible to link the memory effect to a speciﬁc type of emotion (i.e.
anger, fearful or sadness) since no distinction among negative emotional faces was made. More recently, the simultaneous use of electroencephalography (EEG) and magnetoencephalography (MEG) during
the repetition of fearful, happy and neutral faces showed a greater amplitude of the M300 on frontal sites for the ﬁrst repetition of fearful
compared to happy and neutral faces. This effect was attributed to the
higher arousing value of fearful relative to happy and neutral stimuli
(Morel, Ponz, Mercier, Vuilleumier, & George, 2009).
The aim of the present study was to assess the temporal interaction between facial expression and memory. Speciﬁcally, ERPs were
used to investigate at what processing stage emotional expressions
inﬂuence face encoding and recognition memory. To our knowledge
there are only few studies that were aimed at characterizing the temporal sequence of the encoding and retrieval of facial expressions.
Therefore, our main goal was to tap the whole time course of face recognition to assess when emotions might inﬂuence early ERP components,
related to perceptual processing, or later ERP components related to
memory encoding and retrieval mechanisms. Our hypothesis is that
recognition processes of threat-related stimuli, that have to be processed rapidly and remembered for an adaptive behavior, may be enhanced by top-down inﬂuences that act not only on memory
processes but also on early stages of processing.
The experimental design used was an old/new paradigm with two
phases. A study phase in which were presented faces with different
expressions (happy, fearful and neutral) and a subsequent test
phase in which the participants had to discriminate old from new
faces. It is worth stressing that a novel aspect of our study was that
during the test phase all faces had neutral expression. The rationale
for the use of this procedure was to characterize the processes

involved in emotional evaluation during encoding and to investigate
the effects of the emotional encoding on a subsequent retrieval. Furthermore, this procedure enabled us to investigate the retrieval of emotional events while controlling for confounding perceptual inﬂuences.
Considering the saliency of emotional expressions and their importance
in social cognition, we predicted that they might inﬂuence encoding
and recognition beginning at early stages of face perception. Our hypothesis is that fearful faces, since they convey signals of threat and represent relevant stimuli for adaptive behaviors, are better encoded and
retrieved. Therefore, we predict that fearful faces might enhance, during
encoding, ERPs responses linked to emotions (LPP) and encoding.
To further assess the interaction between emotional encoding and
successful memory formation, we investigated the possible differences in the study-phase activity as a function of subsequent-memory
performance. ERP responses during encoding were compared for
items subsequently remembered relative to items later forgotten, to
search for the presence of a differential neural activity based on memory and emotions, i.e. “Dm (difference in memory) effect” (Lucas,
Chiao, & Paller, 2011; Paller & Wagner, 2002).
Furthermore, the emotional salience of fearful stimuli may inﬂuence also processing stages involved in information retrieval. If so,
the recognition of fearful faces may also enhance later recognition
related components such as the mid-frontal effect (FN400) linked to
familiarity, implicit memory and priming (Curran, 2000; Curran &
Cleary, 2003) and the parietal old/new effect that reﬂects intentional
episodic recollection (Donaldson & Rugg, 1998).
2. Method
2.1. Participants
Eighteen healthy university students (females = 8; age range: 19–
28 years) with previous experience with ERP recording participated
in the experiment. The subjects were all naïve to the stimuli presented and to the aim of present study. All participants were righthanded (as assessed through the Edinburgh Handedness Inventory
(Viggiano, Borelli, Vannucci, & Rocchetti, 2001), had normal or
corrected-to-normal vision and no history of mental illness.
2.2. Stimuli and procedure
340 grayscale pictures of unfamiliar faces were selected. Stimuli
were taken from different databases, KDEF (Lundqvist, Flykt, &
Öhman, 1998), AR (Martinez & Benavente, 1998), Milnear and Park
(2004) and from a public-accessed website on face recognition
(http://www.face-rec.org/databases/). All the faces were accurately
selected from public faces sets usually used to study face recognition,
all faces were absolutely unfamiliar to the subjects. These face database have been recently used in a considerable and wide range of
studies on face recognition and facial expressions. The facial expressions have been previously rated as the most accurate representations of each respective emotion.
All the faces were cropped to remove background, clothing and
external features. Stimuli were equated in terms of size, gray scale parameters, central alignment of the face within the image, luminance
and contrast by using Adobe® Photoshop® 7.0. Faces were equated
for mean pixel luminance using the adjustments for brightness and
contrast functions in Photoshop. The presented faces, half female
and half male, were either fearful, happy or neutral. Stimuli were presented on a computer screen and subtended a visual angle of
6.6° × 4.5°. All pictures were shown on a gray background.
The whole experiment was divided in 10 blocks and each block
consisted of two phases: a study (22 stimuli) and a test phase (34
stimuli). Between each study and test phase there was an interval
of 3 min. The order of block presentation was counterbalanced across
participants.

