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To examine the extent of automaticity of emotional face processing in high versus low trait anxious par-
ticipants, event-related potentials (ERPs) were recorded to emotional (fearful, happy) and neutral faces under
varying task demands (low load, high load). Results showed that perceptual encoding of emotional faces, as
reflected in P1 and early posterior negativity components, was unaffected by the availability of processing
resources. In contrast, the postperceptual registration and storage of emotion-related information, as reflected
in the late positive potential component at frontal locations, was influenced by the availability of processing
resources, and this effect was further modulated by level of trait anxiety. Specifically, frontal ERP augmentations
to emotional faces were eliminated in the more demanding task for low trait anxious participants, whereas ERP
enhancements to emotional faces were unaffected by task load in high trait anxious participants. This result sug-
gests greater automaticity in processing affective information in high trait anxious participants.

Research has shown that emotional stimuli are priori-
tized for processing, with a number of studies demonstrat-
ing the capacity of, for instance, threat-related stimuli to
draw attention rapidly and involuntarily. Evidence comes
from a number of different experimental paradigms, in-
cluding visual search tasks (e.g., Byrne & Eysenck, 1995;
Eastwood, Smilek, & Merikle, 2001), visual probe and
spatial cuing tasks (e.g., Fox, Russo, Bowles, & Dut-
ton, 2001; Holmes, Green, & Vuilleumier, 2005; Mogg
& Bradley, 1999), and neuropsychological studies (Fox,
2002; Vuilleumier & Schwartz, 2001).

Recent event-related potential (ERP) studies have also
revealed a bias in selective attention toward emotional
stimuli, such as face cues signaling a potential threat (e.g.,
Fox, Derakshan, & Shoker, 2008; Holmes, Bradley, Kragh
Nielsen, & Mogg, 2009; Pourtois, Grandjean, Sander, &
Vuilleumier, 2004; Santesso et al., 2008). Progress has
also been made in ERP research regarding the brain po-
tential correlates of successive stages of emotional facial
expression processing, particularly for threat-related emo-
tions (fear and anger; see Eimer & Holmes, 2007, and
Vuilleumier & Pourtois, 2007, for reviews). For example,
results from scalp electrodes in some ERP studies have
shown evidence for an enhanced P1 component (maxi-
mal typically at occipital locations, peaking at around
130 msec) in response to negative, relative to neutral or

positive, facial expressions (e.g., Holmes, Kragh Nielsen,
& Green, 2008; Pizzagalli, Regard, & Lehmann, 1999;
Pourtois, Dan, Grandjean, Sander, & Vuilleumier, 2005).
This ERP effect has been attributed to enhanced sensory
encoding in visual brain areas as a result of feedback
from emotion evaluation centers (e.g., amygdala) in the
brain, following the rapid perceptual detection of a mo-
tivationally significant stimulus (see, e.g., Vuilleumier &
Pourtois, 2007). Another posterior component, the early
posterior negativity (EPN; maximal typically at lateral
posterior and occipital locations at around and beyond
220 msec), shows an enhancement to negative (e.g., Eimer,
Holmes, & McGlone, 2003; Sato, Kochiyama, Yoshikawa,
& Matsumura, 2001; Schupp et al., 2004) and positive
(e.g., Marinkovic & Halgren, 1998; Schacht & Sommer,
2009), relative to neutral, faces, and has also been linked
to ongoing feedback from the amygdala to sensory corti-
ces (see Eimer & Holmes, 2007; Vuilleumier & Pourtois,
2007). A further ERP deflection has been shown to arise
at frontocentral locations in response to both negative and
positive facial expressions; this is known as a late posi-
tive potential (LPP; arising beyond ~250 msec and most
pronounced between 400 and 700 msec; see, e.g., Eimer
& Holmes, 2002; Krolak-Salmon, Fischer, Vighetto, &
Mauguiere, 2001). Although the LPP typically arises at
around 250 msec poststimulus onset, some studies have
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shown that it can emerge earlier than this, between 160
and 250 msec (see, e.g., Ashley, Vuilleumier, & Swick,
2004; Eimer & Holmes, 2002). It has been suggested in
previous reports that the early phase of the LPP may be
elicited via medial prefrontal mechanisms involved in the
rapid detection of emotionally relevant stimuli in work-
ing memory (possibly via an amygdala-mediated “tag”
on representations denoting salient events; see Eimer &
Holmes, 2007). It is possible that the early phase of the
LPP is related to the P3a, in that the time course and to-
pography of these two components are similar (see Eimer
& Holmes, 2007; Polich, 2007). The later phase of the LPP
is considered to reflect the controlled storage or mainte-
nance of a significant stimulus representation in working
memory, enhancing its accessibility to higher order deci-
sion and response-related processes (see Eimer & Holmes,
2007; cf. Tsuchiya & Adolphs, 2007). The LPP is also re-
ferred to as a P3b (e.g., Schupp, Flaisch, Stockburger, &
Junghofer, 2006), but it is unclear as to whether the LPP
elicited by emotional faces truly reflects the same under-
lying processes as the standard P3b component, because
the emotional face-related LPP tends to have a fronto-
central maximal distribution (see, e.g., Eimer & Holmes,
2007), in contrast to the centroparietal maxima for the P3b
(see, e.g., Polich, 2007). It is clear that further research is
required to uncover the extent to which the LPP and P3
components represent common underlying processes. P1,
EPN, and LPP deflections to emotionally salient nonface
stimuli have also been observed (see Olofsson, Nordin,
Sequeira, & Polich, 2008; Schupp et al., 2006), suggest-
ing that these effects are not face specific, but can also be
elicited by other kinds of emotional information.

ERPs are ideally suited to an analysis of the processing
stages involved in the encoding of facial affect because
they provide measures of electrical brain activity at high
temporal resolution. An important and controversial issue
is the extent to which these processing stages are obliga-
tory or “automatic” (see Palermo & Rhodes, 2007; Pessoa,
2005; Schupp et al., 2006). One position holds that sub-
cortical emotion centers (e.g., the amygdala) subserve the
automatic processing of emotional stimuli, independently
of attentional resources (e.g., Dolan & Vuilleumier, 2003).
A second position states that the availability of attentional
resources is necessary for detecting emotion (e.g., Pes-
soa, McKenna, Gutierrez, & Ungerleider, 2002; Pessoa,
Padmala, & Morland, 2005). To address this issue, some
recent ERP studies have investigated the impact of co-
vert spatial attention on emotion-related ERP effects (e.g.,
Eimer et al., 2003; Holmes, Vuilleumier, & Eimer, 2003).
The findings from these studies revealed that both short-
latency as well as sustained longer-latency ERP emotional
expression effects were evident when two emotional faces
were presented at lateral locations and were attended for
an emotion judgment task, whereas other stimuli in the
visual array, such as a central pair of lines, were ignored.
However, these ERP effects were eliminated when the
emotional faces were ignored and participants focused
their attention toward the alternative stimuli, such as cen-
tral lines for a line length comparison task. This finding is
clearly at odds with the suggestion that emotional facial

expression is processed fully and automatically, irrespec-
tive of other current task demands.

In other studies, face stimuli have remained within the
focus of spatial attention, and there has been a manipu-
lation of the task relevance of the stimuli. Some sets of
results have shown that emotion-related ERP modula-
tions (including P1, EPN, and LPP) are impervious to the
task relevance of emotional faces. For example, enhanced
ERPs have been obtained not only when participants had to
focus attention on the emotional expression of faces (e.g.,
Eimer et al., 2003) but also when observers did not need
to explicitly judge the emotional content of faces, such as
when deciding whether the same face had been presented
twice in succession (n-back task; e.g., Ashley et al., 2004;
Eger, Jedynak, Iwaki, & Skrandies, 2003; Halgren, Raij,
Marinkovic, Jousmaki, & Hari, 2000). Emotion-related
ERP responses have also been observed when faces were
entirely task irrelevant (e.g., Batty & Taylor, 2003; Eimer
& Holmes, 2002; Holmes, Winston, & Eimer, 2005;
Pourtois et al., 2004), such as when infrequent pictures
of houses were to be detected, with faces requiring no
response. These results are suggestive of a degree of au-
tomaticity for emotional face processing under some con-
ditions. Other studies, however, have shown dependence
of emotion-related ERP effects on the nature of the task.
For example, some late ERP responses to emotional faces
were found to arise only when facial expression judgments
were to be made, but not when decisions on facial identity
or gender were required (e.g., Krolak-Salmon et al., 2001;
Miinte et al., 1998; Streit et al., 1999).

Clearly, under some circumstances, such as when the
opportunity for the filtering of emotional faces by spatial
attention is maximized, ERP modulations by the emotional
content of faces may be abolished. Conversely, in circum-
stances in which attempts at spatial filtering are either not
optimal or not required, emotional expression ERP differ-
ences may be present. However, these emotion-related ef-
fects may be influenced by the relevance of the faces to the
participants’ task. It is unclear which methodological fac-
tors may underlie the varying effects of task relevance on
emotional expression processing. One possibility is that
the processing load or difficulty of the task is an important
contributing factor. For example, gender or facial identity
judgments may require more processing resources than
does the detection of occasional images of houses in a
series of faces. However, it is difficult to know the extent
to which information-processing demands contribute to
facial expression ERP differences across these tasks, be-
cause the nature of the stimulus features to be selected has
usually varied along with the levels of task difficulty. A
primary aim of the present investigation, therefore, was to
manipulate level of task difficulty while holding constant
the nature of the stimulus attributes to be attended. Spe-
cifically, we were interested in whether emotional facial
expression ERP effects would be attenuated when task
difficulty (or task load) was increased. The present study
also sought to explore whether potential attenuations in
the ERP waveform would vary in magnitude across differ-
ent stages of facial expression processing (e.g., at percep-
tual [P1, EPN] vs. postperceptual [LPP] stages), particu-
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larly since previous manipulations of task relevance have
found effects on later as opposed to earlier ERPs (e.g.,
Krolak-Salmon et al., 2001). The results should inform us
further as to the extent to which early versus late stages of
emotional face processing may depend on the availability
of information processing resources.

A further aim of the study was to examine the potential
role of trait anxiety on ERP correlates of emotional facial
expression processing under conditions of varying task
difficulty. Fox, Russo, and Georgiou (2005) suggested that
variation in anxiety may be a key factor in determining the
extent to which emotion processing occurs automatically
and independently of attention. Behavioral research into
the effects of anxiety on emotion—attention interactions
has revealed a greater tendency for individuals who were
high as opposed to low in either clinical or nonclinical
trait anxiety to orient and to sustain attention toward the
location of angry or fearful faces (for reviews, see Bar-
Haim, Lamy, Pergamin, Bakermans-Kranenburg, & van
Ijzendoorn, 2007; Fox, 2004; Mogg & Bradley, 2004).
Moreover, Fox et al. (2005) revealed that high-anxiety
participants were more likely to detect fearful faces in an
attentional blink task than were low-anxiety participants.
These results are suggestive of enhanced automaticity of
emotion processing in anxious individuals. To investigate
this further, we planned to examine whether emotion pro-
cessing, as measured by ERPs, would be less influenced
by concurrent task processing demands in high relative
to low trait anxious participants. Such a pattern of results
would be indicative of greater obligatory processing of
emotional information in high anxiety individuals. It
should be noted here that a number of previous investiga-
tors have found anxiety and depression to be indistinguish-
able in nonclinical samples (see Fountoulakis et al., 2007).
Some researchers have proposed that both measures may
be components of a general psychological distress process
or of negative affectivity (Clark & Watson, 1991; Endler,
Cox, Parker, & Bagby, 1992). In this article, therefore, the
term anxiety, as in many other self-report anxiety studies,
is used in its broadest sense to encompass aspects of gen-
eral distress as opposed to “pure” anxiety.

In order to test these predictions, we measured ERPs
(specifically, P1, EPN, and LPP) in response to centrally
presented fearful, neutral, and happy facial expressions.
Participants’ task was to detect repetitions of face stimuli
(the n-back task). There were two levels of demand: The
first had a low level of difficulty (1-back task; see Holmes
et al., 2008) and the second had a high level of difficulty
(2-back task). If emotional responses to facial threat are
affected by task difficulty, we should expect to find differ-
ential effects of task load (1-back vs. 2-back) on emotional
expression ERP effects for fearful and happy, relative to
neutral, faces. If anticipated effects of emotional expres-
sion are modulated by trait anxiety level, with greater au-
tomaticity for the processing of emotionally salient infor-
mation in high trait anxious participants, we should expect
to find that emotion-related ERP modulations are more
resistant to manipulations of task load in high relative to
low trait anxious participants.

Happy facial expressions were included in this inves-
tigation because, although many behavioral and psy-
chophysiological studies have demonstrated anxiety-
related effects that are specific for aversive stimuli, a
few studies suggest that the bias may not be specific
for threat. This emotionality hypothesis proposes that
anxious individuals show biases for both negative and
positive material (e.g., Bradley, Mogg, White, Groom,
& de Bono, 1999; Chen, Lewin, & Craske, 1996; Gar-
ner, Mogg, & Bradley, 2006; Mogg & Marden, 1990).
Comparable effects of anxiety on ERPs to both fearful
and happy (relative to neutral) faces would be consistent
with the emotionality hypothesis, whereas dissociable
patterns of ERP responses to fearful and happy (relative
to neutral) faces would provide evidence consistent with
a valence-specific (e.g., threat-specific) hypothesis.! Be-
havioral performance for correct detections of face rep-
etitions was also recorded to assess participants’ attention
to the ongoing task.

METHOD

Participants

The participants were 70 healthy volunteers primarily from a col-
lege undergraduate population. Eight participants were excluded
because of excessive eye blinks and other muscle artifacts during
EEG recording, so that 62 participants (20 male and 42 female;
18-53 years old; average age, 27.0 years) remained in the sample.
All participants had normal or corrected-to-normal vision, and the
majority (n = 58) were right-handed. Scores on the State—Trait
Anxiety Inventory (STAIL; Spielberger, Gorsuch, Lushene, Vagg, &
Jacobs, 1983) trait anxiety scale were ranked and a tertile split was
performed (lower tertile = 30; upper tertile = 41; range, 22—64).
The 18 participants who scored above the upper tertile were allo-
cated to the high trait anxiety group; the 19 who scored below the
lower tertile were allocated to the low trait anxiety group (see, e.g.,
Holmes, Richards, & Green, 2006). See Table 1 for the characteris-
tics of the two selected anxiety groups.

Stimuli

Photographs of faces of 10 individuals, 5 male and 5 female, were
used as stimuli. All were taken from a standard set of pictures of
facial affect (Ekman & Friesen, 1976). Facial expression was fearful,
happy, or neutral, resulting in a total of 30 different face images. All
stimuli were presented at fixation on a black background and cov-
ered a visual angle of 8.6° X 5.7°. Stimuli were presented on a 17-in.
ViewSonic G220f computer monitor with a 75-Hz refresh rate, con-
nected to a Pentium IV—based Dell Precision computer. Stimulus
presentation was controlled with E-Prime software (Schneider,
Eschman, & Zuccolotto, 2002).

Table 1
Mean Scores and Standard Deviations
for Questionnaire Measures of Trait Anxiety, State Anxiety,
and Depression, for High Trait Anxious (n = 18)
and Low Trait Anxious (7 = 19) Groups

High Trait Anxiety

Low Trait Anxiety

Variable M SD M SD
STAI trait anxiety 50 7 27 3
STAI state anxiety 39 12 26 6
Beck Depression Inventory 13 6 4 4
Age (years) 26 7 25 7

Note—STAI, State—Trait Anxiety Inventory.
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Procedure

Participants were seated in a dimly lit laboratory, and a computer
screen was placed at a viewing distance of 70 cm. Two task con-
ditions were run, each consisting of two successive experimental
blocks. In the 1-back task, participants were instructed to monitor
the centrally presented faces and to respond with a dominant-hand
buttonpress whenever the face they had just observed was identical
(i.e., in terms of both identity and facial expression) to the face that
had appeared one place back in the sequence. In the 2-back task,
participants were asked to respond whenever the face they had just
observed was identical to the one that had appeared two places back
in the sequence. Each block consisted of 120 nontarget trials (40 X
fearful, 40 X happy, 40 X neutral) and 24 target trials (8 X fearful,
8 X happy, 8 X neutral). Thus, there were 240 nontarget trials and
48 target trials in total for each of the 1- and 2-back tasks (i.e., 480
nontarget and 96 target trials across the entire experiment). In the
2-back task, an additional 24 filler trials (8 X fearful, 8 X happy,
8 X neutral) were used for presenting between two identical face
images in the sequence. The nontarget and target trials of faces with
fearful, happy, and neutral emotional expressions were presented in
a new random order for each participant within each block. All trial
and stimulus types were equiprobable across the four experimental
blocks. Participants were asked to respond as quickly as possible
with a dominant-hand buttonpress only to repetitions of stimuli as
instructed, and they were asked to maintain central fixation. The
order in which the two task conditions were presented was counter-
balanced across participants, and each task condition began with a
short practice block. Stimuli were presented for 300 msec and were
separated by 1,200-msec intertrial intervals.

EEG Recording and Data Analysis

EEG was recorded and processed using a Neuroscan SynAmps
64-channel device. Four facial bipolar electrodes placed on the outer
canthi of the eyes and in the inferior and superior areas of the left
orbit were used to record horizontal and vertical EOGs. Scalp EEG
was recorded from 62 Ag/AgCl electrodes mounted in a quickcap
(extended 1020 system). All electrodes were referenced online to
one electrode (vertex) and bandpass filtered at 0.01-100 Hz. The
impedance for electrodes was generally kept below 5 kQ, and EEG
and EOG were sampled online with a digitization rate of 1000 Hz.
Following EEG recording, data were down-sampled to 250 Hz to
save later computation time and were digitally filtered with a low-
pass filter at 40 Hz; all channels were re-referenced using the aver-
age of the mastoids (M1 and M2). EEG and HEOG were epoched
offline relative to a 100-msec prestimulus baseline and extending for
800 msec after stimulus presentation. Trials with lateral eye move-
ments (HEOG exceeding £30 uV), as well as trials with vertical
eye movements, eye blinks, or other artifacts (a voltage exceeding
+60 uV at any electrode) measured after target onset were excluded
from analysis. To avoid any contamination from movement-related
artifacts, ERP analyses were restricted to nontarget trials where no
manual response was recorded, and data from target trials, filler tri-
als, and trials with false alarms were removed. This resulted in the
rejection of 40% of trials.?

Separate averages were computed for all combinations of task
(1-back, 2-back), emotional expression (fearful, happy, neutral
faces), and trait anxiety (high, low). ANOVAs were conducted on
ERP mean amplitudes obtained for specific sets of electrodes. One
set of frontocentral electrodes was defined a priori as a cluster on
the basis of previous reports for the LPP (see Eimer & Holmes,
2007; Holmes et al., 2008). Activity was analyzed at the following
electrodes: F1, Fz, F2, FC1, FCz, FC2, C1, Cz, and C2, for regional
analyses of frontocentral emotional facial expression effects within
successive poststimulus time intervals of 180—400 msec poststimu-
lus (early phase LPP) and 400—700 msec poststimulus (late phase
LPP). These time windows were selected on the basis of previous
reports and inspection of individual subject waveforms. However,
it should be noted that, although LPP modulations were most pro-

nounced at frontocentral sites (see Figures 1 and 2), they exhibited
a broad distribution across the scalp (see, e.g., Figure 3 for a de-
piction of waveforms at midline parietal electrodes). For EPN and
P1 component effects, time windows and electrode sites were also
determined on the basis of inspection of individual subject wave-
forms. This second set of electrodes consisted of occipital sites: O1
(left), Oz (mid), and O2 (right), within the 208- to 280-msec time
window in order to examine EPN component effects and within
the 124- to 164-msec poststimulus time window in order to isolate
P1 component effects. Fewer electrode sites were selected for this
analysis as compared with the LPP analyses, because maximal ef-
fects for P1 and EPN components are often constrained to a smaller
number of electrode locations (see, e.g., Holmes et al., 2008).
Separate averages were computed across these time windows and
electrode positions, and the three electrode positions were entered
as levels on an electrode position factor in the ANOVAs. The jus-
tification for comparing ERPs elicited at left, midline, and right
recording hemisphere sites is that differential hemispheric effects
have been observed previously for the P1 component (e.g., Holmes
et al., 2008). Finally, in addition to performing omnibus ANOVAs
across the P1, EPN, and LPP components, we conducted planned
partial ANOVAs for 1- and 2-back tasks separately, for each com-
ponent, in order to explore as fully as possible our research ques-
tions regarding the effects of task load on emotional expression
ERP effects. For all analyses, Greenhouse—Geisser adjustments to
the degrees of freedom were performed where appropriate. Further,
all significant main or interaction effects involving trait anxiety
were assessed further using BDI depression scores as a covariate
measure, in order to examine the extent to which results may be
specific to trait anxiety.

Questionnaire Measures

At the end of the session, participants completed a series of ques-
tionnaires including the state and trait versions of the STAI (Spiel-
berger et al., 1983) and the Beck Depression Inventory (BDI; Beck,
Ward, Mendelson, Mock, & Erbaugh, 1961)—commonly used in-
struments for measuring anxiety and depression.

RESULTS

Participant Characteristics

See Table 1 for group details. The high trait anxiety
group scored higher than the low trait anxiety group
on trait anxiety [#(35) = 14.5, p < .001], state anxiety
[#(35) = 4.1, p <.001], and BDI [#(35) = 5.5, p < .001],
but did not differ in terms of age [#(35) = 0.1, p = .9].

Behavioral Measures

See Table 2 for performance accuracy and reaction times
(RTs). Trials with false alarms constituted 1% of 1-back
trials and 4% of 2-back trials. Mixed-design ANOVAs
were conducted on both accuracy and RT data, with task
(1-back, 2-back) and emotional expression (neutral, fear-
ful, happy) as within-subjects factors and with trait anxi-
ety group (high, low) as a between-subjects factor.

Accuracy. For the analysis of percentages of correct
detections for target stimulus repetitions, there was a sig-
nificant main effect of task [F(1,35) = 134.17, p < .001,
n3 = .79], because accuracy was higher for the 1-back
task (83%) than for the 2-back task (51%). There was
also a significant main effect of emotional expression
[F(2,70) = 7.55, p = .001, n3 = .18], because perfor-
mance was higher overall for fearful (70%) as compared
with neutral (66%) or happy (65%) facial expressions.
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A 1-Back Task—Low Trait Anxiety Group
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B 1-Back Task—High Trait Anxiety Group

10 uV - J

Neutral

Happy =~  ‘t====== Fearful

Figure 1. Grand-averaged event-related potential (ERP) waveforms elicited at electrodes FC1, FCz, FC2 (a representative
sample of frontocentral sites), O1, Oz, and O2 in response to nontarget stimulus trials containing a neutral face (black solid
line), a happy face (gray solid line), or a fearful face (dashed line). (A) ERPs elicited for the low trait anxiety group. (B) ERPs
elicited for the high trait anxiety group. ERPs are shown for the 1-back task.

There were no other significant main or interaction ef-
fects (all F's < 2.4, all ps > .10).

RTs. For the analysis of RTs for correct detections of
target stimulus repetitions, there were no significant main
or interaction effects (all F's < 1.3, all ps > .25).

ERP Measures

Figure 1 shows ERPs for the 1-back task and Figure 2
shows ERPs for the 2-back task. Both figures show ERPs
obtained in response to neutral faces (solid black lines),
fearful faces (dashed lines), and happy faces (solid gray
lines), separately for low trait anxious (top panel) and high
trait anxious (bottom panel) participants.

P1 Component at Occipital Locations
(Poststimulus Measurement
Window = 124164 msec)

A mixed ANOVA was conducted with trait anxiety
(high, low), task (1-back, 2-back), emotional expression
(neutral, fearful, happy), and electrode position (O1, Oz,
02) as factors. There was a significant main effect of
emotional expression [F(2,70) = 9.95, p < .001, i =
.22], because the magnitude of the P1 component was
greatest for fearful faces, smallest for neutral faces, and
intermediate for happy faces. Paired-samples ¢ tests (with
Bonferroni-corrected significance level of p < .017)
showed that results for fearful faces differed from those for
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A 2-Back Task—Low Trait Anxiety Group
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Figure 2. Grand-averaged event-related potential (ERP) waveforms elicited at electrodes FC1, FCz, FC2 (a representative
sample of frontocentral sites), O1, Oz, and O2 in response to nontarget stimulus trials containing a neutral face (black solid
line), a happy face (gray solid line), or a fearful face (dashed line). (A) ERPs elicited for the low trait anxiety group. (B) ERPs
elicited for the high trait anxiety group. ERPs are shown for the 2-back task.

neutral faces (p = .001, d = 0.19), but results for happy
faces did not differ significantly from those for neutral or
fearful faces. There was also a near-significant emotional
expression X electrode position interaction [F(4,140) =
2.53, p = .064, n3 = .07], which was subsumed under a
significant task X emotional expression X electrode po-
sition interaction [F(4,140) = 3.04, p = .046, n3 = .08].
Here, the emotional expression effects described above
were present across all electrode sites for the 1-back task,
but appeared only to be present at Oz and O2 (midline
and right hemisphere) for the 2-back task. There were no
other significant main effects or interactions with emo-

tional expression (all Fs < 1.9, all ps > .15). Planned
ANOVAs conducted separately for 1- and 2-back tasks
with factors of trait anxiety, emotional expression, and
electrode position revealed patterns of results that were
entirely consistent with those reported for the omnibus
ANOVA.

EPN at Occipital Locations (Poststimulus
Measurement Window = 208-280 msec)

A mixed ANOVA was conducted with trait anxiety
(high, low), task (1-back, 2-back), emotional expression
(neutral, fearful, happy), and electrode position (O1, Oz,
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A 1-Back Task—Low Trait Anxiety Group
-6 uV

1 800 msec

Pz

8 uV -

C  1-Back Task—High Trait Anxiety Group
-6 uV -

8 uVv -
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B  2-Back Task—Low Trait Anxiety Group

Pz

D  2-Back Task—High Trait Anxiety Group
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Figure 3. Grand-averaged event-related potential (ERP) waveforms elicited at electrode Pz in response
to nontarget stimulus trials containing a neutral face (black solid line), a happy face (gray solid line), or
a fearful face (dashed line). (A) ERPs elicited in the 1-back task for the low trait anxiety group. (B) ERPs
elicited in the 2-back task for the low trait anxiety group. (C) ERPs elicited in the 1-back task for the high
trait anxiety group. (D) ERPs elicited in the 2-back task for the high trait anxiety group. Although analyses
were not conducted for the late positive potential (LPP) at parietal sites, because of the strong frontocentral
distribution of the effect, parietal waveforms are presented here in order to provide an indication of the

broad distribution of the LPP across the scalp.

02) as factors. There was a significant main effect of
emotional expression [F(2,70) = 3.93, p = .024, n} =
.10], which was subsumed under a significant trait anxi-
ety X emotional expression interaction [F(2,70) = 3.91,
p = .025, 3 = .10]. To unpack this interaction, partial
one-way ANOVAs were conducted on the emotional ex-
pression factor separately for low and high trait anxious
groups. There was a significant main effect of emotional
expression for low trait anxiety participants [F(2,36) =
8.07, p = .001, nj = .31], because the EPN was enhanced
to fearful and happy relative to neutral faces. Paired-
samples ¢ tests (with Bonferroni-corrected significance
level of p < .017) showed that responses to fearful and
happy faces differed from those to neutral faces (p =
.061,d = 0.35; p = .009, d = 0.38, respectively), but
responses to fearful and happy faces did not differ signifi-
cantly from each other. For high trait anxiety participants,
however, there was no main effect of emotional expres-
sion (F = 1.2, p = .31). There were no other significant
main effects or interactions with emotional expression
from the omnibus ANOVA (all Fs < 2.3, all ps > .08).
Planned ANOVAs conducted separately for 1- and 2-back
tasks with factors of trait anxiety, emotional expression,
and electrode position revealed patterns of results that
were entirely consistent with the results reported from
the omnibus ANOVA. Notably, the trait anxiety X emo-
tional expression interaction from the omnibus ANOVA
remained significant after using BDI scores as a covariate
[F(1,34) = 13.16,p = .001, n3 = .28].

LPP at Frontocentral Locations
(Early Phase: Poststimulus Measurement
Window = 180—400 msec)

A mixed ANOVA was conducted with trait anxiety
(high, low), task (1-back, 2-back), and emotional expres-
sion (neutral, fearful, happy) as factors. There was a sig-
nificant main effect of emotional expression [F(2,70) =
15.54, p <.001, n3 = .31], because the LPP (early phase)
was enhanced to fearful and happy relative to neutral
faces. Paired-samples ¢ tests (with Bonferroni-corrected
significance level of p < .017) showed that responses to
fearful and happy faces differed from those for neutral
faces (p < .001,d = 0.42; p = .002, d = 0.28, respec-
tively), but responses to fearful and happy faces did not
differ significantly from each other. There were no other
significant main effects or interactions with emotional
expression from the omnibus ANOVA (all Fs < 1.9, all
ps > .16). Planned ANOVAs conducted separately for
1- and 2-back tasks with factors of trait anxiety, emotional
expression, and electrode position revealed significant
main effects of emotional expression, consistent with the
omnibus ANOVA. However, an emotional expression X
trait anxiety interaction was also evident for the 2-back
task [F(2,70) = 3.67, p = .03, 73 = .10]. When this inter-
action was broken down, it was shown that the effect of
emotional expression was present for high trait anxious
participants [F(2,34) = 7.93, p = .001, »} = .32] but not
for low trait anxious participants (F = 0.40, p = .67). No-
tably, after using BDI scores as a covariate, the emotional
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Table 2
Mean Percentage Accuracy and Reaction Times (RTs, in Milliseconds) for
Correct Detections of Immediate Stimulus Repetitions in Each Condition for
High Trait Anxious (» = 18) and Low Trait Anxious (# = 19) Groups

Low Trait Anxiety High Trait Anxiety

Facial Accuracy RT Accuracy RT
Expression M SD M SD M SD M SD
1-Back Task

Neutral 844 131 5988 1154 783 18.6  580.2 97.0

Fearful 889 10.6 5884 1013 80.9 17.4 5858 1055

Happy 81.6 151 5975 1109 832 15.6 5903 112.1
2-Back Task

Neutral 492 145 6112 107.6 535 9.9 6205 97.0

Fearful 56.6 11.8 6173 107.6 534 13.0 613.6 105.1

Happy 46.0 134 596.0 1125 47.0 140 6054 1185

expression X trait anxiety interaction from the 2-back
ANOVA was no longer significant (F = 2.36, p = .10)

LPP at Frontocentral Locations
(Late Phase: Poststimulus Measurement
‘Window = 400-700 msec)

A mixed ANOVA was conducted with trait anxiety
(high, low), task (1-back, 2-back), and emotional expres-
sion (neutral, fearful, happy) as factors. There was a sig-
nificant main effect of emotional expression [F(2,70) =
7.74, p = .001, 77% = .18], which was subsumed under a
significant task X emotional expression X trait anxiety in-
teraction [F(2,70) = 3.26, p = .044, n3 = .09]. We broke
down this interaction effect by examining 1- and 2-back
tasks separately. For the 1-back task, there was a signifi-
cant main effect of emotional expression [F(2,70) = 5.82,
p = .005, n3 = .14], because the LPP (late phase) was
greatest in magnitude to fearful faces, smallest in mag-
nitude to neutral faces, and intermediate to happy faces.
Paired-samples ¢ tests (with Bonferroni-corrected signifi-
cance level of p < .017) showed that responses to fearful
faces differed from responses to neutral faces (p = .002,
d = 0.40), but responses to happy faces did not differ sig-
nificantly from responses to neutral or fearful faces. The
main effect of emotional expression was not modulated by
trait anxiety (&' = 0.05, p = .95). For the 2-back task, there
was a main effect of emotional expression [F(2,70) =
3.49, p = .045, n3 = .09], which was subsumed under
a significant trait anxiety X emotional expression inter-
action [F(2,70) = 4.29, p = .018, 3 = .11]. A partial
ANOVA conducted on high trait anxious group data re-
vealed a significant main effect of emotional expression
[F(2,34) = 5.74, p = .007, 3 = .25], because the LPP
(late phase) was enhanced to fearful and happy relative
to neutral faces. Paired-samples ¢ tests (with Bonferroni-
corrected significance level of p < .017) showed that re-
sponses to fearful and happy faces differed from those to
neutral faces (p = .010, d = 0.50; p = .022, d = 0.42,
respectively), but responses to fearful and happy faces did
not differ significantly from each other. A second partial
ANOVA on the low trait anxious group data, however, re-
vealed no main effect of emotional expression (¥ = 0.20,
p = .82). It should be noted, however, that after using BDI
scores as a covariate, the task X emotional expression X

trait anxiety interaction from the omnibus ANOVA was no
longer significant (F = 2.19, p = .12).

DISCUSSION

In order to investigate whether emotional expression
ERP effects are susceptible to modulations by task load and
anxiety level, we employed an n-back task with two levels
of processing difficulty: low (1-back task) and high (2-back
task). We identified ERP correlates of emotional face pro-
cessing by comparing ERPs elicited on trials with neutral,
fearful, and happy faces. These emotional expression ef-
fects were then compared across the low- and high-load
tasks and across the low and high trait anxiety groups.

The behavioral results for the detection of face repeti-
tions revealed that the 2-back task was significantly harder
than the 1-back task, confirming the increased processing
load. These task load results were not modified by differ-
ences in performance across trait anxiety groups or emo-
tional facial expressions. Overall, however, participants
were more accurate for the detection of fearful relative to
happy and neutral faces. There were no differences in the
patterns of RTs across the various conditions.

In contrast to the absence of behavioral performance
interactions between face valence, processing load, and
trait anxiety, modulations of emotional expression ef-
fects by task difficulty and trait anxiety were found in
the ERPs, the patterns of which varied across distinct
emotion-specific processing stages. For both of the pos-
terior emotion-related components (P1 and EPN), fearful
faces produced augmented effects relative to neutral faces,
whereas happy faces triggered an enhancement in the
EPN component but not in the P1. The presence of an en-
hanced visual P1 component to fearful faces coupled with
the absence of an augmented P1 to happy faces replicates
findings from a number of studies (e.g., Batty & Taylor,
2003; Eger et al., 2003; Holmes et al., 2008; Pizzagalli
et al., 1999; Pourtois et al., 2005; Streit et al., 1999). The
P1 enhancement to fearful faces was stronger at midline
and right hemisphere electrode positions than at the left
hemisphere position in the 2-back task, which is consis-
tent with a pattern of stronger emotion-related P1 effects
at right hemisphere locations as revealed by some previ-
ous studies (e.g., Holmes et al., 2008). Emotion-related
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P1 effects, however, were not modified by trait anxiety.
There are relatively few studies examining links between
anxiety and ERP responses to expressive faces, but, of
those conducted, effects of anxiety on early sensory com-
ponents such as the P1 have been reported by some groups
(e.g., Holmes et al., 2008; Li, Zinbarg, Boehm, & Paller,
2008) but not others (e.g., Bar-Haim, Lamy, & Glickman,
2005). Further work is needed to examine the influence of
anxiety on posterior components triggered by emotional
expressions.

The finding of an enhanced EPN to fearful and happy
compared with neutral facial expressions is also consis-
tent with previous findings in which the EPN was found
to be greater in amplitude to threatening (e.g., Eimer et al.,
2003; Sato et al., 2001; Schupp et al., 2004) or friendly
(e.g., Marinkovic & Halgren, 1998; Schacht & Sommer,
2009), relative to neutral, faces. The emotion-linked EPN
was observed to be less pronounced in high than in low
trait anxious participants, which is also consistent with
some previous results (Holmes et al., 2008). The reason
for the attenuation of the EPN to emotional faces in anx-
ious individuals (an effect that remained after controlling
for depression) is unclear, but the dissociation of this pat-
tern from typical anxiety-related effects on the P1 compo-
nent (i.e., amplification or no effect) suggests that these
components may not reflect the same underlying process,
contrary to some proposals (see Eimer & Holmes, 2007;
Vuilleumier & Pourtois, 2007).

Notably, our emotion-related P1 and EPN effects were
not affected by task load. In other words, the P1 and EPN
emotion effects were immune to interference from task
demands, indicating that early perceptual stages of emo-
tion processing may not be subject to these particular
variations in task difficulty. By contrast, early sensory
component effects elicited by emotional faces in previ-
ous ERP studies were found to be abolished by spatial
attention filtering (e.g., Eimer et al., 2003; Holmes et al.,
2003). The present results indicate that enhanced sensory
signals for salient affective representations, possibly via
amygdala feedback to sensory representation areas (e.g.,
Anderson & Phelps, 2001; Vuilleumier, Richardson, Ar-
mony, Driver, & Dolan, 2004), may be independent of the
availability of information processing resources under cir-
cumstances in which the stimuli fall within focal (spatial)
attention (see also Holmes, Kiss, & Eimer, 2000).

For frontocentral components (early- and late-phase
LPP) elicited during the low-load task, fearful faces trig-
gered enhanced ERP effects relative to neutral faces, start-
ing at about 180 msec after stimulus onset and remaining
present as an augmented LPP throughout the 700-msec
recording interval. These enhancements to fearful faces
closely resemble findings from previous ERP studies (e.g.,
Ashley et al., 2004; Eimer & Holmes, 2002; Williams,
Palmer, Liddell, Song, & Gordon, 2006). In contrast to the
positive deflections at frontocentral locations elicited by
fearful faces, happy emotional faces produced significant
activation within the early phase (180—400 msec) of the
LPP, but not within the late phase LPP (400—700 msec)
time window. These more transient frontocentral emo-
tional expression effects for happy faces are consistent

with findings from a number of recent electrophysiologi-
cal observations (e.g., Ashley et al., 2004; Holmes et al.,
2008; Williams et al., 2006). Furthermore, there were no
significant differences in the magnitude of the emotional
expression ERP positivities between low and high trait
anxious groups. The absence of anxiety-related effects on
frontocentral components under low task load conditions
replicates findings from a previous study in which the
same 1-back task was employed (Holmes et al., 2008). In
fact, Holmes et al. (2008) found a trend toward reduced
ERP differences between fearful and neutral faces in high
trait anxious participants, similar to anxiety-mediated
reductions in longer-latency components to threatening
expressions shown in some previous studies (e.g., Fel-
mingham, Bryant, & Gordon, 2003; Rossignol, Philippot,
Douilliez, Crommelinck, & Campanella, 2005).3 Reduced
ERP effects to negative faces have been suggested to index
a rapid form of cognitive avoidance, following the initial
vigilance that is reflected by enhanced P1 or EPN effects
(Holmes et al., 2008).

Crucially, although ERPs to emotional faces were unaf-
fected by trait anxiety in the low-load condition, fronto-
central effects for fearful and happy faces were found to
be modulated by trait anxiety level in the high-load task
condition. Here, high trait anxious participants showed
more pronounced LPP effects (early and late phase) in
response to fearful and happy faces, compared with low
trait anxious participants, whose emotion-specific ERP
responses were all but eliminated. This finding suggests
that in low trait anxious individuals, task difficulty or load
can influence frontocentral components involved in the
detection of new significant stimuli in working memory
(early phase) and in the controlled storage or maintenance
of the stimulus representations (late phase; see, e.g.,
Eimer & Holmes, 2007; Schupp et al., 2006; Vuilleumier
& Pourtois, 2007). However, in high trait anxious partici-
pants, processes related to the detection and maintenance
of emotional stimuli in working memory are seemingly
immune to these variations in task difficulty. It should be
noted at this point that these effects were not specific to
trait anxiety, because they were no longer evident when
controlling for depression. This is perhaps not surprising
in light of the high colinearity between anxiety and depres-
sion scores, and it reinforces our use of the term anxiety to
distinguish nonspecific distress from “pure anxiety.” The
mechanisms that might underlie these interactions will
now be considered.

One possible explanation for the elimination of fronto-
central emotional expression effects in low trait anxious
participants, compared with the retention of these effects
in high trait anxious participants, under high-load condi-
tions, is that low, relative to high, anxious individuals may
have found the high-load task more difficult and there-
fore had fewer processing resources available for memory
consolidation operations on emotional face content. Be-
havioral performance on the task, however, showed no
evidence of poorer accuracy in low trait anxious partici-
pants. It therefore seems unlikely that differences arising
in ability to perform the task would have been responsible
for the differential ERP effects. A second possible expla-
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nation is that differences arose in the perceptual strate-
gies that high and low trait anxious participants used for
the 2-back task. For example, high trait anxious partici-
pants may have been focusing their attention more on the
emotion-relevant features of the faces, whereas, in order
to perform the task, low trait anxious participants possibly
focused more on identity-relevant characteristics. By this
account, we would also have to assume that high and low
trait anxious group strategies would have been equivalent
during the 1-back task, since emotional expression ERP
effects here did not differ. It is not immediately appar-
ent, however, why anxiety group strategies would be the
same for the 1-back task but would differ for the 2-back
task. A third, and possibly more convincing, account is
that enhanced processing load (i.e., from the retention and
comparison of multiple faces in precise temporal order
in working memory) had a differential impact on the en-
coding of emotional expressions across high and low trait
anxiety groups. No significant emotional expression ef-
fects were generated under conditions of high task load in
low trait anxious participants, suggesting that frontocen-
tral emotional expression responses, reflecting short-term
memory consolidation and retention, may depend on the
availability of cognitive resources in this group. By con-
trast, frontocentral emotional expression effects arose in
individuals with high levels of trait anxiety, regardless of
the availability of processing resources, suggesting that
the processing of fearful and happy facial expressions pro-
ceeded unintentionally and effortlessly.

It is not entirely clear what mechanisms might be in-
volved in the enhanced automaticity for the processing of
emotional faces in high trait anxious participants. It has
been suggested that anxious individuals possess hyper-
sensitive automatic threat-evaluation mechanisms, medi-
ated by the amygdala and related subcortical structures
(see, e.g., Bar-Haim et al., 2007; Mathews & Mackintosh,
1998; Mogg & Bradley, 2004). We speculate that a pro-
pensity for this threat-evaluation system to “tag” poten-
tially aversive stimuli with higher threat value in anxious
individuals (see, e.g., Eimer & Holmes, 2007; Taylor &
Fragopanagos, 2005) may increase the probability that
current task processing will be interrupted, with a redi-
rection of attentional resources toward the encoding of
the threat stimulus. In other words, threatening informa-
tion may exert a circuit-breaking action that disrupts at-
tentional control and goal-directed activity (e.g., Taylor &
Fragopanagos, 2005; see also Corbetta, Patel, & Shulman,
2008). However, it should be noted that the modulatory ef-
fects of anxiety were present not only for fearful faces, but
also for happy faces. Therefore, an explanation in terms
of a hypersensitive emotion-evaluation system may be
more appropriate (see, e.g., Bradley et al., 1999; Garner
et al., 2006). One problem with this general account is
that a redirection of attention from one process (perform-
ing a 2-back task) to another (encoding and consolidating
emotionally laden events in working memory) might also
be expected to disrupt behavioral (i.e., accuracy) perfor-
mance on the 2-back task, but there was no evidence of
this. It is known, however, that high trait anxious partici-

pants often employ strategies, such as enhanced mental ef-
fort and recruitment of additional processing resources, to
compensate for disruptions to current task processing and
to maintain performance effectiveness (see Eysenck, Der-
akshan, Santos, & Calvo, 2007); it is possible that similar
strategies were adopted here.

To conclude, the present study supports the idea that
processes involved in the enhancement of emotional
stimulus representations in sensory cortical areas arise
regardless of the availability of cognitive resources, in
contrast to their dependence on spatial attention resources
(see Eimer & Holmes, 2007). However, processes in-
volved in the registration and storage of emotion-related
information in working memory may rely to an extent
on the availability of processing resources, but this is
modified by anxiety level, with a stronger resistance to
variations in resources in high than in low trait anxious
individuals. In sum, we tentatively conclude that anxiety
is associated with greater automaticity of processing of
emotion-related information when cognitive resources
are unavailable for the control of attention. Our results
also support the idea that automaticity is not an all-or-
none concept (Bargh, 1989) and that the inclusion of
measures of anxiety is crucial to the development of our
understanding of attention—emotion interactions (cf. Fox
et al., 2005). In future ERP studies, it will be important
to examine the impact of different forms of processing
load—for example, how manipulations of either percep-
tual or cognitive load (see, e.g., Bishop, 2007; Lavie,
2005) affect emotional facial expression processing or
the spatial filtering of emotional stimuli.
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NOTES

1. Although a number of previous studies have found equivalent
arousal ratings for fearful and happy facial expressions from the Ekman
and Friesen (1976) series (e.g., Adolphs, Russell, & Tranel, 1999;
Wright, Martis, McMullin, Shin, & Rauch, 2003), participants were
not asked to rate the faces for arousal in this study, and so we cannot
completely rule out the possibility that any dissociable effects of happy
relative to fearful faces could be explicable in terms of arousal rather
than valence differences.

2. A comparison of ERPs elicited on 1- and 2-back target trials would
have served as a further check that participants were attending to stimuli
in both task conditions. Unfortunately, we were unable to carry out this
analysis because of the low numbers of accepted trials following artifact
rejection.

3. Note, however, that enhanced LPPs tend to be observed in anxious
participants in studies employing more intense nonface threat images
(e.g., Miltner et al., 2005; Schupp et al., 2006).

(Manuscript received November 8, 2008;
revision accepted for publication June 29, 2009.)
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