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Abstract

In two experiments using a Rapid Serial Visual Presentation (RSVP) we investigated how emotional and neutral faces (T1)
modulate temporal attention for a following neutral face (T2). Typically, performance for T2 is spared when T2 immediately
follows T1 (lag 1 sparing) but it is impaired when T2 is presented within 500 ms from T1 (Attentional Blink). Experiment
1 shows a shorter attentional blink following happy faces, relative to neutral and sad faces, which did not differ. Experiment
2 shows a lag 1 sparing only after happy T1s, but not after angry or neutral T1s, and a greater attentional blink following
happy and angry T1-faces, compared to neutral T1-faces. Results indicate that happy faces exert different effects on temporal
attention than negative (angry or sad) faces. Findings are discussed in terms of an interplay of resource depletion, due to
emotional salience, and emotion-specific inhibitory mechanisms.
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Introduction

Attentional resources have limited capacity, and this limi-
tation places severe constraints on the information con-
sciously accessed at any given point in time (Peterson &
Posner, 2012). Selection may depend on stimulus rele-
vance to the current goals (i.e., endogenous attention), or
on stimulus salience (i.e., exogenous attention, Peterson
& Posner, 2012). Importantly, selection may also depend
on emotional salience (Vuilleumier, 2005; Pourtois et al.,
2013). There is some evidence that the specific emotional
valence (i.e., positive vs negative) of a given stimulus may
affect attention differently (e.g., Zinchenko et al., 2020). For
instance, in the case of emotional faces—a salient stimu-
lus for social interactions—negative faces hold attention,
and delay attentional disengagement (e.g., Beloposky et al.,
2011; Fox et al., 2000; Fox et al., 2002; Koster et al., 2004,
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Pool et al., 2016; Salemink et al., 2007), whereas positive
faces yield flexible attention allocation (Olivers & Nieuwen-
huis, 2006), and facilitate attention disengagement (Calvo
& Nummenmaa, 2009). Additional evidence comes from
interference studies, in which emotional targets are flanked
by emotional distractors. For instance, Fenske and Eastwood
(2003) found that, the interference by emotionally incongru-
ent distractor-faces on sad target-faces was smaller, but the
interference from emotionally incongruent distractor-faces
on happy target-faces was greater compared to the inter-
ference on neutral target-faces. The authors interpreted this
finding as due to positive target-faces facilitating attention to
peripheral distractors, and to negative target-faces inhibiting
attention to peripheral distractors. Similarly, Srivastava and
Srinivasan (2010) showed that performance to peripheral
targets was better following happy faces than following sad
faces. Importantly, this effect was short-lived as it occurred
only at short SOAs (i.e., 0 ms, 100 ms).

This evidence suggests that negative targets inhibit pro-
cessing of concurrent information, whereas positive targets
seem to facilitate it (see Olivers, & Meeter, 2008) but it is
unclear whether this effect is limited to spatial attention, or
it is a more general effect, affecting also stimuli presented
in rapid temporal succession. The question is especially rel-
evant for faces that change rapidly during social interactions
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and whose changes in emotional expression are short-lived
(Ekman, 1999).

Two experiments investigated the effect of positive and
negative faces on temporal attention using the Rapid Serial
Visual Presentation (RSVP; Potter & Levy, 1969). The
RSVP consists in presenting at a fixed, central location, a
stream of stimuli in rapid temporal succession (e.g., 100 ms).
Participants monitor the stream for two targets presented
among distractors and their task is to report some targets'
characteristics at the end of the stream. The time (i.e., lag)
between the first (T1) and the second target (T2) is manipu-
lated. Typically, performance for T2 shows two phenomena:
The Attentional Blink and the lag 1 sparing. The attentional
blink is a performance impairment when T2 is presented
within 200-500 ms from T1 (Broadbent & Broadbent, 1987;
Raymond et al., 1992). The lag 1 sparing refers to preserved
performance when T2 immediately follows T1 (i.e., lag 1).

There are different theoretical accounts for these phenom-
ena (see Dux & Marois, 2009 for a review): Traditionally,
the attentional blink has been attributed to resource limita-
tions due to T1 consolidation, which prevents T2 access-
ing working memory (e.g., two-stage model, Chun & Pot-
ter, 1995). The lag 1 sparing is attributed to the two targets
sharing the same attentional episode. However, alternative
accounts, emphasize the role of top-down attentional control
mechanisms involved in target enhancement and/or distrac-
tor inhibition (Olivers & Meeter, 2008; Wyble et al., 2009)
to prevent interference with T1 consolidation. Accordingly,
the attentional blink is attributed to enhanced attention
for T1, and delayed attention to (Nieuwenstein, 2006), or
strategic inhibition of, the following items. Sparing occurs
because T2 receives attentional enhancement along with T1.

The interplay of enhancement vs inhibitory mechanisms
contributing to lag 1 sparing and attentional blink makes the
RSVP particularly suitable for investigating whether emo-
tional faces exert different effects on attention for informa-
tion presented in close temporal proximity.

To date, previous RSVP findings show that emotional
T1-faces modulate temporal selective attention by engen-
dering a greater attentional blink compared to neutral faces
(Bach et al., 2014; de Jong et al., 2010; Grynberg et al.,
2013; Stebbins & Vanous, 2015; Stein et al., 2009; Zheng
et al., 2015). Evidence of a larger attentional blink following
negative T1s compared to neutral ones is well established,
and it holds for angry, fearful, and painful T1-faces (Gryn-
berg et al., 2013; Stein et al., 2009; Zheng et al., 2015). In
contrast, only a few studies have used negative, positive,
and neutral faces. More specifically, de Jong et al. (2010)
used photos of angry, neutral or happy faces as T1, and let-
ters as T2 presented at lag 1, 3, 5 or 7. Although results
showed no lag 1 sparing regardless of T1 emotion, probably
due to detrimental effect of a category switch between T1
and T2 at lag 1 (Visser et al., 1999), the attentional blink
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was greater after angry Tls than after neutral and happy
T1s (see also Stebbins & Vanous, 2015). Maratos (2011)
reported similar attentional blink effects using angry, happy,
and neutral schematic faces, although they did not assess the
lag 1 sparing.

These effects have been attributed to emotional stimuli
prioritizing attention, leading to longer encoding and con-
solidation in working memory at the expenses of temporal
close information. Indeed, neural evidence (Schwabe et al.,
2011) shows enhanced brain activity in a cortical and sub-
cortical network involved in higher processing of emotional
T1s is associated with a greater impairment (e.g., attentional
blink) for T2. However, this evidence seems to be specific to
negative stimuli rather than to emotional stimuli in general.
In fact, when emotional faces are presented as T2, usually
negative, but not positive faces impair performance for the
preceding T1 (a phenomenon known as “backward blink™;
de Jong & Martens (2007)). Indeed, a recent study (Ray
et al., 2020, Experiment 1) has reported that happy T1s yield
a shorter attentional blink compared to angry T1s. Although,
one could argue that as this effect occurred only when both
T1 and T2 were positive faces and a control condition with
neutral T2 was not included, it could be due to happy faces
yielding a shorter attentional blink, to angry faces yielding
a longer attentional blink or both. In fact, that there was
no lag 1 sparing following both happy and angry T1-faces
hints to the effect being due to angry faces accentuating the
attentional blink. That is, if happy faces attenuated the atten-
tional blink because they exerted less inhibition on following
information, consumed less resources or both, then a lag 1
sparing should have been observed after happy faces but not
after angry ones.

To assess whether positive and negative emotional faces
have a different effect on attention for information that is pre-
sented in close temporal succession requires comparing the
effects of positive and negative T1a on lag 1 sparing and the
attentional blink. However, this has been rarely done in past
studies using the RSVP with emotional faces and when they
do, usually performance for T2 is compared at each lag (e.g.,
de Jong et al., 2010; Maratos, 2011) rather than assessed in
terms of profiles of temporal selective attention (MacLean
& Arnell, 2012). In fact, performance comparisons at each
lag are informative of whether positive, negative, and neu-
tral T1s pose different demands on attentional resources as
they reflect the difficulty of the task performed on T1 (see
Cousineau et al., 2006). More importantly, findings of bet-
ter or worse performance at each lag cannot alone inform
on the presence/absence of lag 1 sparing and /or attentional
blink, which relies on performance changes across lags (e.g.,
MacLean & Arnell, 2012; Pecchinenda et al., 2020). There-
fore, we report two experiments that investigated whether
and how positive and negative faces compared to neutral
ones, affect the lag 1 sparing and the attentional blink.
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Experiment 1

Using a RSVP, we presented sad, happy, and neutral faces
as T1 followed by neutral faces as T2. Target faces were
presented among inverted distractor-faces and participants
monitored the stream of stimuli to report the expression of
T1 and the gender of T2. To assess whether T1 exerted dif-
ferent effects on attention toward T2, we report performance
comparisons at each lag as they are informative of whether
positive, negative, and neutral T1s pose different demands
on attentional resources (i.e., they reflect the difficulty of the
task performed on T1; see Cousineau et al., 2006). However,
if sad and happy faces exert a stronger/weaker inhibition
on the following information, then there should be differ-
ences in lag 1 sparing and the attentional blink following
sad and happy T1s compared to neutral ones. Namely, if sad
T1s exert greater inhibition on T2, then there should be no
lag 1 sparing and a longer attentional blink following sad
T1 compared to neutral T1s. In contrast, if happy T1s exert
weaker inhibition on T2, than there should be lag 1 sparing
and a shorter attentional blink following happy compared to
neutral T1s. This will be assessed comparing performance
across lags for each valence.

Method
Participants

Thirty participants (18 females, 12 males, age M =23;
SD =6.57) completed the experiment in partial fulfilment
of course credits. The sample size was calculated using
G*Power software (Faul et al., 2009) based on the effects
reported in previous studies investigating emotion modula-
tion of the attentional blink (e.g., de Jong et al., 2010). This
established that a sample of 30 participants was sufficient
to detect a moderate-large effect size of £=0.28 («=0.05,
power =0.85). Participants had normal or corrected to nor-
mal vision and were naive to the experimental hypotheses.

Materials and apparatus

Eight different identities (4 females) displaying sad, happy,
and neutral expressions (for a total of 24 stimuli) were
selected from the Karolinska Directed Emotional Faces data-
base (KDEF, Lundqvist et al., 1998) and were used as T1.
Based on available validation data (Goeleven et al., 2008),
we compared the mean of arousal level and correct identi-
fications for the target emotion (i.e., emotion hit rates) of
the selected T1-faces. The arousal level of happy (M =3.85,
SD=0.32) and sad (M =3.55, SD=0.48) faces was higher
than the arousal level of neutral faces (M =2.42, SD=0.21),
#(7)=9.78, p<0.001, and #(7)=7.53, p<0.001, respectively.
Importantly, the arousal levels of happy and sad emotional

faces did not differ, #(7)=1.47, p=0.184, allowing to rule
out an account in term of differences in arousal for any pos-
sible effects of sad and happy T1s on T2. In terms of correct
identifications of the target emotion, hit rates for happy faces
(M=96.49, SD =3.98) were higher than for neutral faces
(M=86.44, SD=28.23), t(7)=3.24, p=0.014. Hit rates for
sad faces (M =88.06, SD =8.84) did not differ from neutral
faces, #(7)=0.58, p=0.58. Importantly, hit rates for sad and
happy faces did not differ, #(7)=2.26, p=0.58. From the
same database, an additional set of 24 different identities
(12 females) with neutral emotion were selected and used
as T2. Criteria for stimuli selection were: face/expression
symmetry, clear forehead, no visible beard for male faces or
make-up for female faces. The distractors were 32 different
neutral faces (16 female) selected from FACES database
(Ebner et al., 2010), and rotated by 180°. All stimuli were
full-colour faces and were edited using Photoshop CS6 to
remove skin markers, and to balance for colour (RGB value),
luminance and contrast (29.2 cd/m?). Faces were adjusted
to the vertical and cropped in an oval excluding ears and
hair. Stimuli were presented on a Core™ i5 computer via
a 21.5" Dell P2210H (Analog) monitor (1600 x 900 pixels,
60 Hz). RSVP streams were presented using E-Prime soft-
ware (Schneider et al., 2002) for Windows 7 Professional,
which also recorded participants’ responses using a standard
USB-keyboard.

Procedure

After participants had given informed consent, they sat in
front of a computer in a dimly lit room. The task started
with 15 practice trials followed by 600 experimental trials,
divided in 5 blocks of 120 trials each. Each block consisted
of 8 repetitions of the 15 conditions resulting from the facto-
rial combination of T1-Valence (3: Happy, Sad, or Neutral)
and lag (5 lags). In each block, T1 and T2 gender was bal-
anced resulting in 4 possible combinations: female-female,
female-male, male—female, and male-male. T1 and T2 iden-
tities were counterbalanced across the 5 blocks.

A single trial started with a fixation point (500 ms), fol-
lowed by a stream of 18 stimuli: 16 upside-down distractors
and 2 upright targets, all displayed at a rate of 83 ms (see
Fig. 1). T1 could appear in position 4, 5, 6, 7 or 8 of the
streams (i.e., preceded by 3, 4, 5, 6 or 7 distractors, respec-
tively), whereas T2 was presented either at lag 1 (i.e., T2
immediately followed T1), lag 2 (i.e., T2 and T1 were sepa-
rated by one distractor, etc.) lag 3, lag 4 or lag 8, relative
to T1.

Participants started each trial by pressing the spacebar
and were instructed to monitor each stream for two upright
target-faces presented among rotated distractor-faces. Their
task was to report at the end of each stream T1’s expression
(neutral, happy, or sad) and T2’s gender (male or female) by
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Fig. 1 Experimental timeline:
the example shows T2 presented
after happy T1 at lag 4 among
rotated distractor-faces

pressing the designated, labelled buttons on the keyboard (1,
2,3, and 4, 5, respectively).

Measures and data analyses

We first computed the percentage of correct T1 (pT1) and
T2 identifications, conditional on correctly reporting T1,
(pT2IT1) for all conditions. Next, both pT1 and pT2IT1
were analysed using an ANOVA for repeated measures with
T1-Valence (3: Happy, Sad, Neutral) and Lag (5: lag 1, 2, 3,
4 and 8) as within-subject factors. A significant interaction
was followed-up by: (a) relative comparisons across lags
for each T1-Valence condition and the typical (2) absolute
comparisons across the three T1-Valence at each lag. The
first comparisons allowed us to establish the presence of
lag 1 sparing, as well as the presence and magnitude of the
attentional blink. More specifically, the lag I sparing is typi-
cally defined as performance accuracy at lag 1 exceeding
the lowest level of accuracy by more than 5% in absolute
term (Visser et al., 1999). The attentional blink is defined
as the maximum performance impairment for T2 occurring
within the attentional blink -window (i.e., lag 2 and lag 3)
compared to performance outside this window (i.e., lag 8);
(MacLean & Arnell, 2012). The magnitude of the attentional
blink is then assessed by comparing the maximum perfor-
mance impairment for T2 to the last lag of the attentional
blink -window (in the present case, lag 4). For simplicity,
only these hypotheses-based comparisons are reported. In
addition, all comparisons were Bonferroni-corrected.
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Results and discussion

T1 identification (pT1)

ANOVA results showed a significant main effect of
T1-Valence, F (2, 58)=4.21, p=0.020, ,°=0.127 and a
significant main effect of Lag, F' (4, 116)=25.89, p<0.001,
np2 =0.472. Importantly, the interaction between T1-Valence
and Lag was also significant, F' (8, 232)=11.47, p<0.001,
np2=0.283. Accuracy for Sad T1s was lower at lag 1 than
at all other lags, ps <0.001. No other differences reached
statistical significance. Pairwise comparisons across T1
valence showed that for Sad T1s, accuracy at lag 1 was lower
compared to Happy and Neutral T1s, p=00.4 and p <0.001,
respectively (see Table 1). No other differences reached sta-
tistical significance. To better understand this effect, we also
analysed the identification errors by computing the overall

Table 1 Experiment 1: mean percentages (M) and standard error (SE)
of correct T1 (pT1) as a function of T1-valence and lag

pT1

Lag 1 Lag 2 Lag3 Lag4 Lag 8

M(SE) M(SE) M(SE) M(SE) M(SE)
Happy 83.92(3) 88.17(2) 90.25(2) 90.50(2)  91.92(2)
Neutral ~ 87.42(2) 88.00(1) 88.08(2) 88.17(2) 88.42(2)
Sad 68.42(3) 84.42(2) 86.92(2) 87.08(2)  88.00(2)
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percentage of misreporting Happy T1s as Neutral, against
the overall percentage of misreporting Sad T1s as Neutral.
This revealed that Sad T1s were more often misreported
as Neutral Tls (M =78.63, SE=2.91), than as Happy Tls
(M=63.40, SE=5.06), t (29)=2.99, p=0.006, pointing to
sad faces being less distinguishable from the neutral faces
when T1 and T2 were presented one after the other (i.e.,
at lag 1), that is, when the potential for masking is at its
maximum.

T2|T1 identification (pT2|T1)

ANOVA results for pT2IT1 showed a significant main effect
of T1-Valence, F (2, 58)=3.92, p=0.025, np2 =0.119,and a
significant main effect of Lag, F' (4, 116)=34.68, p <0.001,
np2:0.545. These effects were qualified by a significant
interaction, F (8, 232)=2.49, p=0.013, np2:0.079 (see
Fig. 2).

Pairwise comparisons across lags for pT2IT1-Neutral
showed that performance at lag 2 (the worst across all lags)
was lower than at lag 8, p <0.001, indicating an attentional
blink. The attentional blink was still present at lag 4 as it
did not differ from lag 2, p=0.135, and it was worse than
at lag 8, p<0.001. There was no lag 1 sparing as perfor-
mance at lag 1 did not exceeded performance during the
attentional blink by at least 5% (actual difference: 3.96%).
For pT2IT1-Happy, the lowest performance was at lag 3 and
it was lower than performance at lag 8, p <0.001, indicating
an attentional blink. The attentional blink recovered at lag 4,
as performance was better than at lag 2, p=0.034 and it did
not differ from lag 8, p=0.117. There was no lag 1 sparing,
as performance at lag 1 fell short of exceeding performance
during the attentional blink by at least 5% (actual difference:
4.61%). Finally, for pT2IT1-Sad, the lowest performance
was at lag 2, and it was lower than performance at lag 8,
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Fig.2 Experiment 1: mean percentages of pT1 and pT2IT1 as a func-
tion of T1 valence and lag. Error bars =SE

p<0.001, indicating an attentional blink. The attentional
blink was still present at lag 4 as performance did not dif-
fer from lag 2, p=0.123 and it was worse than at lag 8,
p<0.001. There was no lag 1 sparing as performance at lag
1 did not exceeded performance during the attentional blink
by at least 5% (actual difference: 2.46%).

Pairwise comparisons across the three T1s showed that,
at lag 8, pT2IT1-Neutral did not differ from pT2IT1-Sad,
p=0.667, but pT2IT1-Happy was lower than both pT2IT1-
Neutral, p=0.008, and pT2IT1-Sad, p <0.001. There was no
other difference among the three T1s at lag 1, 2, 3, and 4, all
ps>0.67 (see Table 2).

In summary, findings of Experiment 1 showed that when
using sad, neutral, and happy faces as T1, there was no lag
1 sparing, albeit performance for T2 was less impaired after
Happy-T1s. Importantly, the attentional blink after Neutral
and Sad T1s occurred earlier (i.e., at lag 2) and lasted longer
(i.e., over lag 3 and lag 4), then the attentional blink after
Happy T1s (i.e., started at lag 3 and recovered at lag 4). This
suggests that Happy T1-faces impair attention for the follow-
ing information less than Sad and Neutral T1-faces, although
this was at expenses of a full recovery at lag 8. However,
the present findings are weakened by the unexpected low
identification for sad T1-faces as they were often confused
with neutral ones. This does not allow to rule out that the
observed across lags differences following sad and happy
T1-faces are due to differences in difficulty to identify the
emotion of T1-faces.

Experiment 2

Our aim was to assess whether positive and negative T1s
exert different effects on temporal selective attention by
modulating the sparing and the attentional blink. That
the task performed on T1 was more difficult for sad faces
leaves open the alternative account that the shorter atten-
tional blink observed after happy faces is due to this emo-
tion being easier to identify (e.g., Chun & Potter, 1995)
rather than to happy faces engendering a weaker inhibi-
tion on the following information, reducing the atten-
tional blink (e.g., Olivers & Meeter, 2008). To further
disentangle this effect, in Experiment 2, angry faces were

Table 2 Experiment 1: mean percentages (M) and standard error (SE)
of correct T2IT1 (pT2IT1) as a function of T1-valence and/or lag

pT2IT1

Lag 1 Lag 2 Lag3 Lag4 Lag 8

M(SE) M(SE) M(SE) M(SE) M(SE)
Happy 60.53(2)  56.59(2) 55.92(2) 63.62(2) 69.63(2)
Neutral ~ 61.44(2) 57.48(1) 60.56(2) 62.55(2)  75.39(3)
Sad 59.33(2) 56.87(2) 57.20(2) 62.82(2)  78.28(3)
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used as T1s. Indeed, both happy and angry faces have dis-
tinctive perceptual features around the eyes and mouth
regions (i.e., slightly open mouth), which should help
distinguishing the emotional expressions from the neutral
ones, regardless the valence. In addition, this time both
emotions are approach-related (Carver & Harmon-Jones,
2009; Wilkowski & Meier, 2010) albeit they still differ
on valence. This also allows to rule out that possible dif-
ferences on the effects of positive and negative T1s could
be due to avoidance motivation yielding greater inhibi-
tion toward following information and approach motiva-
tion enhancing attention to the following information. The
predictions and comparisons are as of experiment 1.

Method
Participants

Thirty participants (17 females, 13 males, age M =25.14;
SD =5.23), who had not taken part in Experiment 1, com-
pleted the experiment in partial fulfilment of course cred-
its. They had normal or corrected to normal vision and
were naive to the experimental hypotheses.

Materials and apparatus

Twenty-four faces of eight different identities (four female)
displaying angry, happy, or neutral expressions served as
T1. As for the experiment 1, we compared arousal levels
and hit rates for the selected faces used as T1, using pub-
lished data (Goeleven et al., 2008). The arousal levels of
happy (M =3.70, SD=0.35) and angry emotional faces
(M =4.03, SD=0.85) did not differ, #(7)=0.81, p=0.44,
but they were both higher than the arousal level of neu-
tral faces (M =2.51, SD=0.15), #(7)=7.90, p <0.001, and
t(7)=5.03, p=0.002, respectively. As for experiment 1,
this allows to rule out that any possible effects of the emo-
tional T1s be due to differences in arousal levels. Emotion
hit rates for happy faces (M =97.27, SD=2.0) were higher
than for neutral faces (M =81.25, SD=11.81), #(7)=3.56,
p=0.009. Hit rates for angry faces (M =80.47, SD=26.31)
were higher than for neutral faces, t(7) =0.5807, p=0.95.
Importantly, hit rates for happy and angry face did not dif-
fer, #(7)=1.91, p=0.098. An additional set of 24 neutral
faces (12 females) of different identities served as T2. All
faces were selected from the Karolinska Directed Emo-
tional Faces database (Lundqvist et al., 1998). In addi-
tion to the criteria used in Exp.1, faces were selected if
the happy and angry expressions showed a slightly open
mouth.
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Procedure, experimental design, and data analyses

Procedure, Experimental Design, and Data Analyses were
as in Experiment 1.

Results and discussion
T1 identification (pT1)

ANOVA results showed a main effect of T1 Valence, F
(2,58)=11.21, p<0.001, np2=0.279, and a main effect
of Lag, F' (4, 116)=28.88, p<0.001, np2=0.499. Impor-
tantly, the interaction was significant, F (8, 232)=11.78,
p<0.001, np2=0.289 (see Table 3). Pairwise comparisons
showed that for both Angry and Happy Tls, accuracy at
lag 1 was lower than accuracy at all other lags, ps <0.012
and ps <0.001, respectively. No other comparison reached
statistical significance. Pairwise comparisons at lagl across
the three types of T1s confirmed that performance for Neu-
tral T1s was better than performance for Happy and Angry
T1s, ps <0.001. Importantly, this time accuracy for Happy
T1s was lower than for Angry T1s, p=0.014. Performance
for Happy T1s at lag 2 was worse than for Neutral T1s also,
p=0.035. No other comparison reached statistical signifi-
cance. As for Exp 1, an error analysis comparing the overall
percentage of misreporting Happy T1s as Neutral, against
the overall percentage of misreporting Angry T1s as Neutral,
showed no differences, #29)=0.23, p=0.82, suggesting that
the lower identification accuracy for Happy T1 is not due to
confusion between emotional and neutral faces. Finally, we
compared overall identification performance for Angry (exp
2) and Sad (exp. 1) T1s. Results showed that pT1 for Angry
faces (M =90, SE=1.6) was higher than pT1 for Sad faces
(M=83,SE=3.7),((4)=3.17, p=0.34. In contrast, pT1 for
Happy faces did not differ across the two experiments (Exp.
1: M=88, SE=1.4; Exp. 2 M =85, SE=3.2), t(4)=1.68,
p=1.7. To note, now that happy faces are more difficult to
identify then angry faces, any possible difference in lag 1
and attentional blink following happy and angry T1s could
not be due to happy faces posing less demands on attentional
resources.

Table 3 Experiment 2: mean percentages (M) and standard error (SE)
of correct T1 (pT1) as a function of T1-valence and lag

pT1

Lag 1 Lag 2 Lag3 Lag4 Lag 8

M(SE) M(SE) M(SE) M(SE) M(SE)
Happy 73.25(3)  87.25(2) 89.92(2) 88.75(1)  89.67(2)
Neutral ~ 93.33(1)  93.00(1)  93.25(1) 92.67(1)  91.00(1)
Angry 83.17(2) 89.83(1) 91.33(1) 91.83(1) 91.50(1)
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Fig.3 Experiment 2: mean percentages of correct pT1 and pT2IT1 as
a function of T1 valence and lag. Error bars =SE

Table 4 Experiment 2: mean percentages (and SE) of correct T2IT1
(pT2IT1) as a function of T1-valence and lag

pT2IT1

Lag 1 Lag2 Lag3 Lag 4 Lag 8

M(SE) M(SE) M(SE) M(SE) M(SE)
Happy 68.49 62.46 58.91 68.13 75.65
Neutral 63.64 55.34 60.58 63.34 72.00
Angry 61.87 58.04 59.12 65.61 73.27

T2|T1 identification (pT2|T1)

ANOVA results for pT2IT1 showed a significant main effect
of T1-Valence, F (2, 58)=38.08, p<0.001, np2 =0.218, asig-
nificant main effect of Lag, F (4, 116)=22.77, p<0.001,
np2=0.440, and a significant interaction, F (8, 232)=2.11,
p=0.036,1,>=0.068 (see Fig. 3 and Table 4).

Pairwise comparisons across lags showed that, for pT2|T1
Neutral, the lowest performance during the attentional blink-
window was at lag 3, indicating an attentional blink as per-
formance was lower than at lag 8, p <0.001. Performance at
lag 3 differed from lag 4, p <0.001, indicating that the atten-
tional blink had started to recover, although it was still sig-
nificantly lower than at lag 8, p=0.001. There was sparing
as performance at lag 1 exceeded that of the attentional blink
by at least 5% (actual difference: 9.58%). For pT2IT1 Happy,
the lowest performance was at lag 2, indicating an attentional
blink as performance was different from lag 8, p <0.001.
Performance at lag 2 differed from lag 4, p=0.007, indicat-
ing that the attentional blink had started to recover, although
it was still lower than at lag 8, p =0.007. There was sparing
as performance at lag 1 exceeded performance during the
attentional blink by at least 5% (actual difference: 8.3%). For
pT2IT1 Angry, the lowest performance during the attentional

blink-window was at lag 2, indicating an attentional blink
as performance differed from lag 8, p <0.001. Performance
at lag 4 was better than at lag 2, p <0.009, indicating the
attentional blink had started to recover, although it was still
lower than at lag 8, p <0.006. There was no sparing as per-
formance at lag 1 did not exceeded that of the attentional
blink by at least 5% (actual difference: 3.83%).

Pairwise comparisons across the three T1s showed no sig-
nificant differences at lag 3 and at lag 8, all ps>0.350. At lag
1, pT2IT1-Angry was worse than pT2IT1-Neutral, p =0.007,
whereas at lag 2 and 4 pT2IT1-Happy was worse than
pT2IT1-Neutral, p=0.009 and p=0.015, respectively. No
other comparison was statistically significant, all ps>0.16.

The findings of Experiment 2 show that angry T1-faces
were better identified than happy T1-faces consistent with
the “anger superiority effect” (Maratos et al., 2008). Impor-
tantly, this result rules out that the lag 1 sparing and the
shorter attentional blink observed after happy T1-faces is
due to these stimuli being easier to identify and posing less
demands on attentional resources. Importantly, although
both angry and happy Tls impaired performance for T2
more than neutral T1s, there are clear differences in how
happy and angry faces affect temporal selective attention
for the following information. Only happy T1s, like neutral
ones, yield a lag 1 sparing. However, whereas after neutral
T1s there was an attentional blink at lag 3, happy T1s were
followed by a longer attentional blink (over lag 2 and lag
3), which started to recover only at lag 4. In contrast, there
was no lag 1 sparing after angry T1s and, similarly to what
observed after happy Tls, the attentional blink started at
lag 2 and continued over two lags. The pattern of temporal
attention observed after happy T1-faces shares some charac-
teristics with that observed after neutral T1s (i.e., the sparing
at lag 1) and others with the pattern observed after angry T1s
(i-e., an attentional blink starting earlier at lag 2 and lasting
longer). That neutral and happy T1s engender lag 1 spar-
ing but angry T1s do not is indicative of happy faces (like
neutral faces) exerting weaker inhibition and angry faces
exerting a stronger inhibition on the immediately following
information. However, the present pattern also points to an
interplay of attentional control mechanisms and resource
depletion in yielding the lag 1 sparing and the attentional
blink. The theoretical implications of these findings are dis-
cussed in more details in the General Discussion section
below.

General discussion

In two experiments using the RSVP, we assessed whether
negative and positive faces differently affect the two typical
phenomena of temporal selective attention, the lag 1 spar-
ing and the attentional blink. Findings from experiment 1
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showed a similarly prolonged attention impairment follow-
ing neutral and sad T1s. This finding was due to the diffi-
culty in identifying sad T1-faces since sad faces were often
misreported as neutral, especially when neutral T2 immedi-
ately followed at lag 1 and masking effects was at the high-
est. Although sad faces have been successfully used in past
studies (i.e., Srivastava & Srinivasan, 2010), it may have
helped that they were not used together with neutral faces.
Indeed, identification for sad faces is usually lower than for
other emotional faces even when presented at different spa-
tial locations (Calvo & Nummenmaa, 2008). In addition,
the RSVP by presenting two target-faces in close temporal
proximity makes discriminability between stimuli low (see
Miisch et al., 2012). Finally, it is also possible that when
neutral faces are presented amid negative faces, the neutral
faces appear more negative (e.g., Said et al., 2009; Totten-
ham et al., 2013), contributing to the poor discrimination
between sad and neutral T1s. Alternatively, and regardless
of these factors, it is also possible that sad faces simply fail
to modulate temporal attention differently than neutral faces.
As previous RSVP studies have used more intense painful
faces, instead of sad ones, (Grynberg et al., 2013; Stein et al.,
2009; Zheng et al., 2015), this is the first evidence on the
effect of sad faces on temporal attention.

Importantly, Experiment 1 shows that there was no lag 1
sparing and a prolonged attentional blink after neutral and
sad T1s. In contrast, the attentional blink after happy T1s
started later (i.e., at lag 3) and was much shorter starting
to recover at lag 4 and although there was no lag 1 sparing,
performance at lag 1 was much better following happy Tls.
This finding is in line with Ray et al. (2020) and suggests
a reduced performance impairment after happy T1-faces.
Unfortunately, the pattern observed following happy faces
could not be solely attributed to positive faces exerting
weaker inhibition on following information as happy faces
were also easier to identify than negative faces. This means
that resource depletion (e.g., Chun & Potter, 1995) could
have contributed to the observed pattern. Experiment 2
helped clarifying this issue by using angry and happy faces
as emotional T1s and neutral faces as control T1s and this
time, findings provided clear evidence that positive and
negative emotion differently modulate the lag 1 sparing and
the attentional blink.

When using happy, angry, and neutral faces as T1, over-
all performance improved, albeit this time emotional faces
were more difficult to identify than neutral faces, and this
was especially true for happy faces. Whereas this may seem
surprising, given that typically emotional faces are bet-
ter detected than neutral ones (e.g., Pinkham et al., 2010;
Schubo et al., 2006), it is not unusual when the RSVP task
requires identifying and reporting the specific emotion (e.g.,
Grynberg et al., 2013; Stebbins & Vanous, 2015 but see de
Jong et al., 2010). In addition, both happy and angry faces
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were chosen to have slightly open mouth and this meant
that emotional expressions could not be simply identified by
the presence/absence of low-level perceptual features. This,
together with a threat-superiority effect typical for angry
faces (e.g., Pinkham et al., 2010) may have contributed to
the lower identification of happy T1. However, as our main
interest was to assess the different effects of positive and
negative faces on temporal selective attention pattern, that
happy T1-faces were less easy to identify than neutral and
angry T1-faces helps ruling out an account of the observed
effects on T2 solely in terms of happy faces depleting less
attentional resources.

Findings showed that happy and angry faces differ-
ently affected performance for the following target and this
occurred in line with our prediction: neutral and happy T1s
yielded a lag 1 sparing, which was absent for negative T1s.
In addition, whereas the attentional blink after neutral faces
was limited to lag 3, the attentional blink following both
emotional faces started earlier, was longer and quantitatively
greater than that following neutral T1s. This finding is at
odd with evidence of a greater attentional blink only after
angry faces but not after happy faces (de Jong et al., 2010),
although there are important methodological differences
between the two studies that could account for this differ-
ence. In our study, stimuli were presented more rapidly (i.e.,
83 ms vs 120 ms) and T2 was another salient stimulus—a
face—rather than a letter (for similar effects of T1-faces on
T2-letters see Robinson et al., 2017). Indeed, past studies
show when both targets are faces, angry and happy Tls
equally impair performance for T2 at early lags (e.g., Bach
et al., 2014; Ray et al., 2020).

Although it has been argued that emotional stimuli
by depleting resources give a greater attentional blink,
it becomes evident that the profiles of temporal attention
observed following happy and angry T1-faces are difficult
to describe solely in terms of resource depletion (Chun
& Potter, 1995) as if this were the case, both happy and
angry T1s should have eliminated the lag 1 sparing and
engendered a longer attentional blink. Similarly, whereas
the lag 1 sparing after neutral Tls could be attributed
to these stimuli being easier to identify and/or attract-
ing/prioritizing less attentional resources than emotional
T1s, this is not the case for happy T1-faces. Rather, the
present findings seem better explained by an interplay
of resource depletion and attentional control mechanism
related to enhancement/inhibition of following targets
(Olivers & Meeter, 2008; Raymond et al., 1992). Accord-
ingly, angry faces exert stronger inhibition on the fol-
lowing targets to prevent interference on T1, thus elimi-
nating the lag 1 sparing and prolonging the attentional
blink (Olivers & Meeter, 2008). By contrast, happy faces
exert weaker inhibition on the following target, engender-
ing lag 1 sparing when the two targets shared the same
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attentional episode. However, resource depletion did
play a role since emotional salience increased the dura-
tion of the attentional blink. The combined contribution
of resource depletion and top-down control mechanisms
is in line with recent hybrid models of the attentional
blink (episodic Simultaneous Type/Serial Token model,
Wyble et al., 2009), which incorporate the suppression
strategy to prevent interference on T1 consolidation, with
the capacity limitations of stage 2.

Finally, one could argue that the weaker/stronger
inhibition is due to differences in motivation intensity
between angry and happy faces. Indeed, it has been sug-
gested that emotions with high motivation intensity, such
as anger, narrow attention, whether low motivated emo-
tions, such as happiness and sadness, broaden it (Gable
& Harmon-Jones, 2010b). However, although the moti-
vation intensity hypothesis may contribute to explaining
the findings of Experiment 2, it fails to explain those
of Experiment 1 as both sad and happy faces have low
motivation intensity. The more parsimonious explana-
tion for the findings of both experiments reported here
is that happy and angry—but not sad faces—affect tem-
poral selective attention in terms of exerting weaker and
stronger inhibition on following information.

The present evidence also extends previous finding
of specific effects of negative-disgusted faces (Vermeu-
len et al., 2009) and of negative-fearful faces (Pecchi-
nenda et al., 2020) on temporal attention. Disgusted faces
exerted a stronger inhibition toward T2 (Vermeulen et al.,
2009), whereas fearful faces exerted a weaker inhibition
toward the immediately following T2, and these effects
occurred only when disgusted faces were used as primes
before a RSVP stream (Vermeulen et al., 2009) or when
hybrid T1-faces, consisting of a neutral expression at high
spatial frequency superimposed onto the fearful expres-
sion at a low spatial frequency (Pecchinenda et al., 2020).
These effects have been interpreted as fear increasing
(i.e., to better detect the source of threat) and disgust
diminishing (i.e., to reduce sensory exposure to some-
thing noxious) sensory intake from the environment.

The present findings show that weaker/stronger inhibi-
tion on following information is due to happy vs angry
faces rather than to positive vs negative faces, as negative
faces may have different effect depending on the specific
emotion. Indeed, happy faces exert a weaker inhibition
on following information and allow flexibility (Positive
Affect Hypothesis; Olivers & Nieuwenhuis, 2006) and
angry faces exert stronger inhibition on the following
information. The effect of positive emotions on temporal
attention is also consistent with the function of broad-
ening attention and the action repertoire, which helps
building resources (Fredrickson & Branigan, 2005; Gokce
et al., 2021).

Limitations and conclusion

As a final note, we would like to point out that it could be
argued that angry T1-faces, because of their higher arousal,
yield greater inhibition on following information, eliminating
the lag 1 sparing and impairing performance across earlier
lags. However, as the selected happy and angry T1-faces did
not differ on arousal levels, such an account is not applica-
ble. Importantly, the present finding is in line with Ray et al.
(2020) who also have provided some evidence that valence,
rather than arousal, differentially modulates temporal selective
attention. Unfortunately, there are no valence ratings for the
selected stimuli and a direct comparison in terms of valence
is not possible. However, the comparisons based on the avail-
able identification performance for the emotional categories
(Goeleven et al., 2008) shows that the stimuli used as T1 were
correctly categorized based on emotion categories (i.e., hap-
piness, sadness, anger) above chance level (>80%). Therefore,
the present findings cannot be attributed to T1s’ arousal lev-
els but to the specific positive (happy) and negative (sad and
angry) emotion category.

As this is the first time that different temporal profiles of
selective attention are reported with sad/angry, happy, and
neutral T1s over neutral T2s, the present findings may prompt
future research to assess the generalizability of the observed
effects to other emotional stimuli without increasing task
difficulty.
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