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Abstract

Research has shown that neutral faces are better recognized when they had been presented with happy rather than angry expressions at study, suggesting that emotional signals conveyed by facial expressions influenced the encoding of novel facial identities in memory. An alternative explanation, however, would be that the influence of facial expression resulted from differences in the visual features of the expressions employed. In this study, this possibility was tested by manipulating facial expression at study versus test. In line with earlier studies, we found that neutral faces were better recognized when they had been previously encountered with happy rather than angry expressions. On the other hand, when neutral faces were presented at study and participants were later asked to recognize happy or angry faces of the same individuals, no influence of facial expression was detected. As the two experimental conditions involved exactly the same amount of changes in the visual features of the stimuli between study and test, the results cannot be simply explained by differences in the visual properties of different facial expressions and may reside instead in their specific emotional meaning. The findings further suggest that the influence of facial expression is due to disruptive effects of angry expressions rather than facilitative effects of happy expressions. This study thus provides additional evidence that facial identity and facial expression are not processed completely independently.
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Classical models of face recognition have posited separate functional routes for the processing of facial identity and the processing of facial expression (e.g., Bruce & Young, 1986). Yet, although there is some separation between the coding of facial identity and facial expression (Calder & Young, 2005; Ganel & Goshen-Gottstein, 2004), a growing number of studies have revealed that these two types of facial information are not processed completely independently. There is evidence, for example, that the perception of facial identity is influenced by irrelevant variations of facial expression and vice versa (e.g., Ganel & Goshen-Gottstein, 2004; Schweinberger, Burton, & Kelly, 1999). Furthermore, several studies have shown that facial expression influences the encoding of novel facial identities in memory (e.g., D’Argembeau & Van der Linden, 2007; Kottoor, 1989). These findings thus suggest that the processing of facial identity and facial expression interact at different stages of the information processing sequence.
Perhaps the most compelling evidence for the influence of facial expression on memory for novel facial identities comes from studies that have introduced a change in the pose of the faces between study and test phases, as this procedure ensures that performance reflects memory for invariant aspects of the faces that are used to identify a person rather than memory for changeable aspects of the faces or memory for pictorial details (e.g., details of the lighting, grain, and flaws of a particular photo) that are irrelevant to facial identity recognition (Bruce, 1982). Several studies introduced a change in the expression of the faces between study and test and found that neutral faces were better recognized when they had been presented with happy rather than angry expressions at study (e.g., D’Argembeau & Van der Linden, 2007; D’Argembeau, Van der Linden, Comblain, & Etienne, 2003). This effect of facial expression was specifically related to differences in recollection of facial identity, rather than familiarity (as assessed by the Remember/Know/Guess paradigm; Gardiner & Richardson-Klavehn, 2000), suggesting that facial expression modulated elaborative processing operations during the encoding of novel facial identities. 
Research thus suggests that the encoding of novel facial identities in memory is influenced by the type of expression displayed by the faces. The precise mechanisms underlying this effect remain unclear, however. One possibility is that the influence of facial expression results from the specific social/emotional meaning conveyed by different types of expressions. Facial expressions are powerful sources of social information, which enable viewers to quickly infer the feelings and intentions of others, including the liking and approval expressed by happy expressions or the hostility expressed by angry expressions (Keltner et al., 2003). Presumably because of the potential cost associated with failing to notice threatening stimuli, negative facial expressions tend to attract attention more effectively than positive ones (e.g., Eastwood, Smilek, & Merikle, 2003; Fox et al., 2000; Öhman, Lundqvist, & Esteves, 2001) and disrupt the processing of other (expression-irrelevant) information (e.g., Vuilleumier, Armony, Driver, & Dolan, 2001). Interestingly, it has been found that negative expressions interfere more than positive expressions with the processing of local features of the faces (Eastwood et al., 2003). Negative facial expressions may therefore attract attention to themselves (i.e., to the specific facial features conveying emotional signals) at the expense of other facial features, including those used to identify a person. The influence of facial expressions on memory for facial identity may therefore result from the disruptive effects of angry expressions on the processing of facial identity (D’Argembeau & Van der Linden, 2007).
It remains possible, however, that the influence of facial expression on memory for facial identity results from differences in the visual features of different types of facial expressions rather than differences in their social/emotional meaning. There is evidence that larger changes in the visual appearance of a face between study and test, including changes in expression, result in poorer recognition of facial identity (Bruce, 1982). It could therefore be argued that the influence of facial expression that has been observed in the above-mentioned studies results from differences in the visual characteristics of the stimuli employed. Specifically, neutral faces might be less well recognized when they had been presented with angry rather than happy expressions at study because the amount of changes in the visual appearance of the faces between study and test (i.e., changes from angry to neutral versus changes from happy to neutral) might differ between these two types of expressions. There is evidence to the contrary, however: happy expressions are less frequently confused with other expressions (including neutral expressions), suggesting that happy expressions contain fewer overlapping visual features with other expressions (Johnston, Katsikitis, & Carr, 2001). Possible differences in the degree of overlap between the visual features of different types of expressions would therefore hinder the recognition of happy faces (due to larger changes in the visual appearance of the stimuli between study and test), which is the opposite of what has been found in previous studies. 
Overall, then, existing data do not support an explanation of the influence of facial expression on memory for facial identity in terms of differences in the visual properties of the stimuli. The above-mentioned argument for discarding an explanation in terms of changes in visual features is very indirect, however, and this issue thus merits further empirical consideration. The specific purpose of this study was therefore to test this alternative explanation of the influence of facial expression on memory for facial identity. We did so by comparing the influence of facial expressions on recognition memory for facial identity when facial expression was manipulated at study versus test. Specifically, one group of participants was presented with happy and angry faces at study and was later asked to recognize neutral faces of the same individuals, whereas another group of participants was presented with neutral faces at study and was later asked to recognize happy or angry faces of the same individuals. Changes in the visual appearance of the faces between study and test were therefore exactly the same in the two conditions. If the influence of facial expression on memory for facial identity results from differences in the amount of changes in visual features between study and test, then the difference in recognition performance between happy and angry faces should be the same regardless of whether facial expression is manipulated at study or test. If, on the other hand, facial expressions modulate the encoding of novel facial identities in memory because of their social/emotional meaning, then differences in recognition performance between happy and angry faces should only be apparent when facial expression is manipulated at study. 
Method

Participants and design

A total of 40 young adults (20 women; age range: 20-30, M = 24.7 years, SD = 2.7 years) volunteered to participate. The experiment consisted of a 2 (phase of manipulation: study vs. test) X 2 (facial expression: happy vs. angry) mixed-model design with phase of manipulation as a between-participants factor and expression as a within-participants factor. Twenty participants (10 women) were allocated at random to each encoding condition. 

Materials

Stimuli were selected from the Karolinska Directed Emotional Faces (KDEF; Calvo & Lundqvit, 2008; Lundqvist, Flykt, & Öhman, 1998). This carefully controlled database includes faces that have been photographed from the same distance, with the background of the pictures, the lighting conditions, and the clothes worn by the individuals portrayed being identical over all pictures. Pictures of 32 individuals (16 males and 16 females) were selected, with each individual being portrayed with three different expressions (neutral, happy, and angry). In all pictures, face orientation was directed (facing forward). Stimuli were adjusted to 372 pixels in height and 275 pixels in width. The pictures were divided into two sets (A and B) of 16 individuals (8 males and 8 females) and the use of sets A and B as studied or non-studied items was counterbalanced across participants. Furthermore, within each set, each face was seen with a happy expression by half the participants and with an angry expression by the other half, thus ensuring that the effect of facial expression was not confounded by differences in the memorability of particular facial identities.
Procedure

Participants were seated in a quiet room, approximately 50 cm from a computer screen. Depending on the condition, participants were presented with 16 faces displaying an emotional expression (8 faces with a happy and 8 faces with an angry expression; manipulation at study condition) or with 16 faces displaying a neutral expression (manipulation at test condition). These faces were presented sequentially, in random order, for 4 s each. Participants were instructed to look carefully at the faces in order to be able to recognize them later. No mention was made of the emotional expressions of the faces. After all the faces had been presented, participants received the instructions for the memory test. They were told that they would see a series of faces, some of which represented people they had been shown initially, although their facial expressions would be different. For participants in the manipulation at study condition, all the faces (targets and distractors) displayed a neutral expression. For participants in the manipulation at test condition, half of target and distractor faces displayed a happy expression, whereas the other half displayed an angry expression. For each face, participants had to decide whether or not they had seen this person before. In addition, states of awareness associated with facial identity recognition were assessed with the Remember/Know/Guess paradigm. Detailed instructions about Remember, Know, and Guess responses were provided, based on those used by Gardiner and colleagues (Gardiner & Richardson-Klavehn, 2000). In short, participants were told that a Remember response should be given to any face which, at the time it was recognized, brought back to mind something they had consciously experienced (e.g., an association, a thought, a feeling) at the time it was presented. In contrast, they were asked to make a Know response if the face felt familiar but they were unable to recollect any details about its prior presentation. Finally, they were asked to make a Guess response if they were unsure whether or not the face had been presented at study. The time between study and test (i.e., the time taken by participants to learn the instructions for the Remember/Know/Guess judgments) was about 5 minutes. During the test phase, each face remained on the screen until participants indicated their responses. 
Results

The total proportion of hits (collapsed Remember, Know and Guess responses) is presented in Figure 1, as a function of the phase of manipulation and facial expression. A 2 (phase of manipulation) X 2 (facial expression) analysis of variance (ANOVA) yielded a main effect of facial expression, F(1, 38) = 4.99, p = .03, ηp2 = .12, a main effect of phase of manipulation, F(1, 38) = 4.04, p = .05, ηp2 = .10, and an interaction between facial expression and phase of manipulation, F(1, 38) = 4.25, p = .046, ηp2 = .10. As illustrated in Figure 1, facial expression influenced facial identity recognition when it was manipulated at study (faces that had been presented with happy expressions at study were better recognized than faces that had been presented with angry expressions; t(19) = 2.88, p = .01, d = 0.66) but not when it was manipulated at test, t(19) = 0.13, p = .90, d = 0.03. Furthermore, between-group comparisons revealed that facial identity was less well recognized for faces that had been presented with angry expressions at study and neutral expressions at test than for faces that had been presented with neutral expressions at study and angry expressions at test, t(38) = 2.55, p = .01, d = 0.83. On the other hand, recognition performance did not differ between faces that had been presented with happy expressions at study and neutral expressions at test and faces that had been presented with neutral expressions at study and happy expressions at test, t(38) = 0.13, p = .90, d = 0.04. An analysis of the total amount of FAs (collapsed Remember, Know and Guess responses) did not reveal any significant effect of phase of manipulation (M = .17, SD = .13 and M = .18, SD = .10 for the manipulation at study and manipulation at test conditions, respectively), t(38) = 0.43, p = .67. 

Separate ANOVAs were then conducted for Remember, Know, and Guess responses, which revealed that the differential effect of facial expression as a function of phase of manipulation was mainly due to differences in Remember responses (see Table 1 for mean proportions). Indeed, the interaction between facial expression and phase of manipulation was close to statistical significance for Remember responses, F(1, 38) = 3.26, p = .079, ηp2 = .08, whereas this was not the case for Know and Guess responses, F(1, 38) = 0.61, p = .44, ηp2 = .02, and F(1, 38) = 1.42, p = .24, ηp2 = .03, respectively. Follow-up analyses showed that Remember responses were more frequent for happy faces than for angry faces when expression was manipulated at study, t(19) = 2.75, p = .01, d = 0.63, but not when expression was manipulated at test, t(19) = 0.18, p = .86, d = 0.04. Furthermore, between-group comparisons revealed that Remember responses were less frequent for faces that had been presented with angry expressions at study and neutral expressions at test than for faces that had been presented with neutral expressions at study and angry expressions at test, t(38) = 2.01, p = .05, d = 0.65. On the other hand, the proportion of Remember responses did not differ between faces that had been presented with happy expressions at study and neutral expressions at test and faces that had been presented with neutral expressions at study and happy expressions at test, t(38) = 0.19, p = .85, d = 0.06. There was no significant main effect of facial expression or phase of manipulation (all ps > .15). Finally, analyses of Remember, Know, and Guess FAs did not reveal any significant effect of phase of manipulation (all ps > .18; see Table 1 for mean proportions).
Discussion
The purpose of this study was to investigate the possibility that the influence of facial expression on the encoding of novel facial identities might result from differences in the visual features of the stimuli employed rather than the specific emotional meaning conveyed by different types of facial expressions. In line with earlier studies (e.g., D’Argembeau & Van der Linden, 2007; D’Argembeau et al., 2003), we found that neutral faces were better recognized when they had been previously presented with happy rather than angry expressions. On the other hand, when neutral faces were presented at study and facial expression was manipulated at test, no influence of facial expression was detected. As the two experimental conditions involved the same amount of changes in the visual features of the stimuli between study and test, the results cannot be simply explained by differences in the visual properties of different facial expressions. The findings suggest instead that the emotional meaning of facial expressions influences facial information processing in such a way that facial features that are used to identify a person are less well encoded in memory when faces display angry rather than happy expressions.
The current findings further suggest that the effect of facial expression results from disruptive effects of angry expressions rather than facilitative effects of happy expressions. Indeed, facial identity was less well recognized for faces that had been presented with angry expressions at study and neutral expressions at test than for faces that had been presented with neutral expressions at study and angry expressions at test. On the other hand, there was no difference in facial identity recognition for faces that had been presented with happy expressions at study and neutral expressions at test and faces presented with neutral expressions at study and happy expressions at test. The effect of facial expression on memory for facial identity was therefore due to a decrease in recognition memory performance for faces that had been presented with angry expressions at study, rather than an increase in performance for faces that had been presented with happy expressions (relative to faces that had been presented with neutral expressions). As already mentioned, previous studies have shown that negative facial expressions tend to disrupt the processing of expression-irrelevant information (Vuilleumier et al., 2001), including local features of the faces (Eastwood et al., 2003), perhaps because attention is attracted toward the specific facial features conveying emotional signals at the expense of other features. Angry expressions may therefore hinder the processing of facial features that are used to identify a person, resulting in less elaborated encoding of novel facial identities in memory. 
In line with previous studies (e.g., D’Argembeau et al., 2003), the current findings showed that the influence of facial expression was located in recollection rather than familiarity (as measured by Remember/Know responses). Remember responses were indeed less frequent for faces that had been presented with angry expressions at study than for faces that had been presented with happy or neutral expressions, and there was no difference between faces that had been presented with happy versus neutral expressions. Insofar as Remember responses are sensitive to differences in attention and elaborative processing during memory encoding (Gardiner & Richardson-Klavhen, 2000), these findings are again consistent with the view that angry expressions hinder elaborative processing of facial identity, presumably because they attract attention to the expressions themselves. This interpretation is further supported by a previous study that showed that explicitly orienting people’s attention toward facial expression facilitated the encoding of expression itself in memory, but disrupted elaborative encoding of facial identity (D’Argembeau & Van der Linden, 2007). 

In sum, the current findings show that the influence of facial expression on the encoding of novel facial identities is not simply due to the visual properties of the stimuli. This influence may reside instead in the emotional significance of the expression displayed. The findings further suggest that the effect of facial expression is due to disruptive effects of angry expressions rather than facilitative effects of happy expressions. This study thus provides additional evidence that facial identity and facial expression are not processed completely independently. 
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Table 1

Mean Proportions (and Standard Deviations) of Remember, Know, and Guess Responses for Facial Identity Recognition

	
	Manipulation at study
	
	Manipulation at test

	Response
	Happy
	Angry
	False alarms
	
	Happy
	Angry
	False alarms

	Remember
	.51 (.22)
	.36 (.21)
	.04 (.08)
	
	.49 (.20)
	.51 (.24)
	.03 (.05)

	Know
	.19 (.13)
	.13 (.12)
	.07 (.08)
	
	.20 (.14)
	.19 (.15)
	.10 (.08)

	Guess
	.09 (.11)
	.14 (.17)
	.06 (.08)
	
	.09 (.12)
	.09 (.11)
	.05 (.06)


Figure legend
Figure 1. Proportion of hits for facial identity recognition as a function of facial expression and phase of expression manipulation (error bars represent SEM). Faces that had been presented with happy expressions at study were better recognized than faces that had been presented with angry expressions (p = .01). On the other hand, the manipulation of facial expression at test did not influence recognition performance.
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