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a b s t r a c t
Decades of research has shown the inﬂuence of emotion on attentional capture, and more recently, the
inﬂuence of emotion on neurophysiological processes related to attentional capture. The current research
tested whether some of the earliest neurophysiological underpinnings of emotive attentional processes
can be inﬂuenced by attentional manipulations of broadening versus narrowing. Previous research has
shown that negative affects high in motivational intensity (e.g., disgust, fear) cause a relative narrowing
of attentional scope (Gable and Harmon-Jones, 2010a; Easterbrook, 1959). Because of the strong link
between motivation and attention, attentional scope should also inﬂuence the attentional capture of
negative stimuli. The current study manipulated a local attentional scope or global attentional scope, then
measured attentional capture towards disgust and neutral pictures using the N1 event-related potential
component. Results revealed that a manipulated global attentional scope reduced N1 amplitude towards
disgust pictures compared to a manipulated local attentional scope.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
Over 50 years ago, Easterbrook (1959) proposed that “the innate
response to a state of biological deprivation or noxious stimulation” is a reduction in the “range of cue utilization” (p. 184). Since
then, numerous studies have found that attentional scope narrows
following the evocation of motivationally arousing negative emotions such as fear and disgust (Chajut and Algom, 2003; Fenske and
Eastwood, 2003; Gable and Harmon-Jones, 2010a; Sanders et al.,
1978).
Along these lines, evidence suggests that motivationally arousing emotional stimuli inﬂuence neurophysiological responses as
early as 100 ms after the onset of stimuli (Keil et al., 2001). Specifically, the N1 event-related potential (ERP) component is larger in
amplitude to negative than neutral pictures (Foti et al., 2009; Keil
et al., 2002; Weinberg and Hajcak, 2010). Early attentional processes as evidenced by the N1 are likely driven by several structures,
including the amygdala (Olofsson et al., 2008) and anterior cingulate cortex (Esposito et al., 2009). This early modulation of the
N1 by negative stimuli is proposed to be associated with motivational processes related to attentional capture (Keil et al., 2001) or
more focused, detailed processing of stimuli (Vogel and Luck, 2000).
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These results support the idea that stimuli that evoke motivationally arousing negative emotion narrow attention.
The present research sought to address a new question: Would
a broadening of attentional scope decrease the attentional capture of motivationally arousing negative stimuli? We predicted it
would. Because of the strong link between emotion and attentional
scope, attentional scope may also inﬂuence emotion/motivational
processes, even very early into the processing of the emotive
stimuli.
Relative to a global attentional scope, a local attentional scope
should increase the attentional capture of aversive pictures. Functionally, a narrowed attentional scope may enhance and allocate
cognitive resources to attend on a speciﬁc object or goal. Aversive stimuli cause organisms to “zero-in”; they increase attentional
focus and this focus of attention may increase motivational intensity toward the aversive object as greater cognitive resources are
devoted to the object, thereby reducing the psychological distance. Along these lines, Liberman and Forster (2009) found that a
manipulated narrowed attentional scope reduced the estimates of
psychological distances of time, space, and social distance towards
neutral objects. The enhanced cognitive processing of an object
associated with a narrowed attentional scope may make the object
more salient and immediate to the organism, thereby increasing
the organism’s ability to react to the object.
In contrast, a broadened attentional scope may cause a reallocation of cognitive resources to attend to distal and peripheral stimuli.
Broadening attentional scope may reduce the cognitive resources
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devoted to a single object and allow one to consider and think
about multiple objects or goals without focusing on any particular
one, thus reducing the aversive reaction to an aversive object. This
may assist with disengagement from aversive stimuli and cause
the organism to become open to new and previously irrelevant
possibilities (Klinger, 1975).
Consistent with the idea of a bi-directional relationship between
attention and emotion, past research has shown that attentional
manipulations to aversive stimuli alter affective processing. However, these studies have relied on direct attentional manipulations
related to the affective stimuli such as directing visual attention
towards or away from affective stimuli (Dunning and Hajcak, 2009;
MacNamara and Hajcak, 2009), directing reappraisal of stimuli (Foti
and Hajcak, 2008; MacNamara et al., 2011; Thiruchselvam et al.,
2011; Urry, 2010), manipulating the salience of stimuli (Ferrari
et al., 2008; Newman et al., 2010; Schupp et al., 2007), or biasing attention towards the valence of stimuli (Dandeneau et al.,
2007; Goetz et al., 2008; MacLeod et al., 2002). In other words, past
studies examining attention–emotion relationships have primarily
manipulated attention toward the emotional stimulus, by either
increasing or decreasing attention toward the emotional stimulus.
In the present research, we sought to address a different question:
Does attentional scope (not the absence or presence of attention)
inﬂuence emotional responses?
The current study investigated whether manipulating a broadened as compared to narrowed attentional scope would alter the
attentional capture of high-withdrawal motivated negative stimuli.
Speciﬁcally, we predicted that relative to a manipulated narrowed
(local) attentional scope, a broadened (global) attentional scope
would attenuate the attentional capture of emotional stimuli and
reduce N1 amplitude.

2. Methods
Twenty-nine (9 women) right-handed undergraduate students provided
informed consent. Then, 59 EEG electrodes were applied.
Narrowed vs. broadened attentional scope was manipulated using the wellestablished measure of global or local attention, the Navon (1977) letters. This task
has also been used extensively in research testing how affective states inﬂuence
attentional scope (see review by Gable and Harmon-Jones, 2010b). A Navon letter is
a large letter composed of smaller closely spaced letters (e.g., an H made of small Fs).
In the current experiment, half the participants were randomly assigned to identify
the small letter (i.e., local elements), and the other half were assigned to identify
the large letter (i.e., global elements). Participants identiﬁed the local and global
letters by pressing one of two buttons on a response box; each button was labeled
with two of the four possible letters comprising the local or global ﬁgures (H and T
were on one button; F and L were on the other). Responses were checked to ensure
participants in both conditions correctly identiﬁed the local or global letter. One
participant was excluded from analyses for missing 40% of the trials. Over all error
rate was 2.3% (M = 1.38, SD = 2.15). Error rates did not differ between conditions,
p > .32.
Participants ﬁrst identiﬁed 12 practice Navon letters pictures (each was presented for 3000 ms). Then, participants viewed 64 trials (32 disgust and 32 neutral)
pseudo-randomly presented such that four of one type never appeared consecutively). Each trial consisted of a ﬁxation cross (500 ms), Navon letters ﬁgure
(1500 ms), another ﬁxation cross (3000 ms), then a disgusting or neutral picture
(9000 ms). Pictures were collected from the internet and not repeated during the
experiment. The neutral pictures were matched with the disgust pictures for brightness, object size, and human presence (Cronbach’s alphas > .84). Prior research using
these pictures found that the disgusting pictures were rated as more unpleasant (M = 7.61, SD = 1.22), arousing (M = 6.06, SD = 2.15), and disgusting (M = 7.21,
SD = 2.02) than the neutral pictures (M = 3.89, SD = 1.22; M = 1.67, SD = 1.60; M = 1.19,
SD = 0.39; Gable and Harmon-Jones, 2010a).
To record EEG, 58 tin electrodes mounted in a stretch-lycra electrode cap
(Electro-Cap, Eaton, OH) were used. Electro-Gel (Electro-Cap, Eaton, OH) was
the conducting medium. All EEG sites were referenced online to the left earlobe; ofﬂine, data were re-referenced using the common average reference.
Electrode impedances were under 5000 . Signals were ampliﬁed, bandpass ﬁltered (0.1–100 Hz; 60-Hz ﬁlter enabled), and digitized at 500 Hz using Neuroscan
Synamps2 (El Paso, TX). Artifacts (e.g., aberrant signals due to muscle movement
or large eye movements) were removed by hand. A regression-based eye blink
correction was applied (Semlitsch et al., 1986).
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Fig. 1. N1 amplitudes to negative and neutral pictures in a manipulated local or
global attentional scope. Amplitude scores are reversed to show greater N1 amplitudes as larger.

Data were epoched for 100 ms before picture onset until 1200 ms after picture
onset, and lowpass ﬁltered at 35 Hz (Picton et al., 2000). Aggregated waveforms
for each picture type were created and baseline corrected. Based on visual inspection, N1 amplitude was measured as the minimum amplitude within a window of
60–180 ms and is analogous to N1 amplitude range from comparable experiments
(Gable and Harmon-Jones, 2011).1 One participant from each attention manipulation condition was excluded because N1 amplitudes were greater than 2.5 SDs from
the mean.
N1 amplitudes over parietal regions (P3, P1, PZ, P2, P4, PO3, POZ, PO4) were
investigated, because prior research has found that the N1 to negative affective
pictures is most prominent over these regions (Foti et al., 2009; for a review see
Hajcak et al., 2010). In addition to the parietal N1, analogous frontal regions (FC3,
FC1, FCZ, FC2, FC4, F1, FZ, F2) were investigated. No predictions were advanced for
these frontal regions.

3. Results
A 2 (disgust or neutral picture) within-subjects × 2 (local or
global target) between-subjects ANOVA revealed a signiﬁcant
interaction, F(1, 24) = 5.15, p = .03, 2p = .18 for the parietal N1 (see
Fig. 1). Consistent with much past research (e.g., Foti et al., 2009;
Keil et al., 2001), follow-up analyses revealed that N1s were larger
to disgust pictures than to neutral pictures in the local attention manipulation condition, t(11) = 2.35, p = .03 (see Fig. 2). In
other words, this local attention condition produced results identical to those obtained without an explicit manipulation of local
attention (see Figs. 2 and 3; Foti et al., 2009; Keil et al., 2001),
presumably because disgust pictures evoke a local bias (Gable and
Harmon-Jones, 2010a). More importantly, in the global attentional
manipulation condition, N1 amplitudes did not differ between disgust and neutral pictures, t(13) = 0.99, p = .34. Comparing across
the between-subjects attention manipulation conditions, N1s were
larger to disgust pictures in the local attentional manipulation
than in the global attentional manipulation, t(24) = 2.46, p = .02.
However, N1 amplitudes to neutral pictures were similar between
conditions, t(24) = 0.65, p = .52. N1 amplitudes did not differ as a
function of attention manipulation and picture type at frontal sites,
F(1, 24) = 0.53, p = .47, 2p = .02 (see Fig. 3).

1
Previous studies have found average peak N1 amplitudes to be maximal at 100,
130, or 160 ms and used a variety of windows for peak detection (Foti et al., 2009;
Keil et al., 2001, 2002; Weinberg and Hajcak, 2010). However, based on the visual
inspection of our N1s, the peak amplitude appears much earlier than past studies.
This could be caused by the attentional manipulation of the Navon letter which
immediately preceded each picture.
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Fig. 2. N1 waveforms to negative and neutral pictures in a manipulated local or
global attentional scope at midline parietal sites (PZ and POZ).

4. Discussion
A manipulated global attentional scope attenuated the attentional capture of disgusting pictures compared to a manipulated
local attentional scope. Attentional capture was measured using the
ERP wave component N1, one of the earliest (100 ms) measures of
motivated attentional processes. The manipulation of attentional
scope inﬂuenced N1 responses to disgust pictures, and did not
inﬂuence N1 responses to neutral pictures.
Manipulated local vs. global attentional bias was selective for
enhanced motivated attention to highly aversive pictures. However, it is unlikely that these effects would occur to all negative
affective stimuli, because negative affects low in motivational
intensity, such as sadness, are associated with global attentional
scope (Gable and Harmon-Jones, 2010a).
In addition, results of the current study are unlikely to be
due speciﬁcally to negative valence. For example, our recent
research shows that positive affects also vary in the degree with
which they are associated with motivational intensity (Gable and

Harmon-Jones, 2008). High approach-motivated positive affects
cause a narrowing of attention, whereas low approach-motivated
positive affects cause a broadening of attention. Similar to the
current experiment, results of Gable and Harmon-Jones (2011)
suggest a bi-directional link between attentional scope and motivated attentional capture by positive stimuli. Compared to a local
attentional scope, a global attentional scope attenuated attentional capture as measured by the N1 to appetitive pictures. Taken
together with the present results, these results suggest that the
effects of local and global attentional on N1s to emotive stimuli are
due to motivational intensity and not emotional valence.
The N1 is a unique ERP component to investigating early attentional capture by emotive pictures. For example, the Early Posterior
Negativity (EPN) is also modulated by attentional capture. However, the EPN tends to be more sensitive to appetitive than aversive
pictures (Franken et al., 2008; Schupp et al., 2004, 2006, 2007;
Weinberg and Hajcak, 2010). In addition, this component occurs
later (between 200 and 300 ms) than the N1 and in a topographically different location (temporo-occipital; Foti et al., 2009). Indeed,
the N1 is one of the earliest ERP components modulated by emotive
processes.
Past studies examining attention–emotion relationships have
primarily manipulated attention toward the emotional stimulus,
by either increasing or decreasing attention toward the emotional stimulus (Dunning and Hajcak, 2009; Goetz et al., 2008;
MacNamara et al., 2011; Schupp et al., 2007). In the present experiment, we demonstrated that attentional scope—as opposed to the
absence or presence of attention—inﬂuenced emotional responses.
In conjunction, the present and past studies further support the idea
of a bi-directional relationship between attention and emotion:
emotion modulates attention, and attention modulates emotion.
Attentional narrowing in high motivational states may prove
adaptive. For example, in a high withdrawal negative state, a narrowed attentional scope likely assists in helping an organism to
isolate and attend to a potentially dangerous object, therefore
avoiding such objects. In contrast, a broadened attentional scope
may cause a reallocation of cognitive resources causing one to
attend to distal and peripheral stimuli. This may assist with disengagement from aversive stimuli and cause the organism to become
open to new and previously irrelevant possibilities. Disengagement
may prove useful when the stimuli are not actually threatening
or when nothing can be done about the negative stimuli (as often
happens in sadness; Gable and Harmon-Jones, 2010b). In sum, the
current results suggest that relatively minor shifts in attentional
scope can have signiﬁcant effects on neurophysiological responses
within the ﬁrst 100 ms of stimulus processing, and these responses
reﬂect motivated attention.
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used as reference sites for blink correction, FP1 and FP2 sites displayed are an average of FPZ and AF3/AF4. (For interpretation of the references to color in the ﬁgure
caption, the reader is referred to the web version of the article.)

Chajut, E., Algom, D., 2003. Selective attention improves under stress: implications
for theories of social cognition. Journal of Personality and Social Psychology 85,
231–248.
Dandeneau, S.D., Baldwin, M.W., Baccus, J.R., Sakellaropoulo, M., Pruessner, J.C.,
2007. Cutting stress off at the pass: reducing vigilance and responsiveness to
social threat by manipulating attention. Journal of Personality and Social Psychology 93, 651–666.
Dunning, J.P., Hajcak, G., 2009. See no evil: directed visual attention modulates the
electrocortical response to unpleasant images. Psychophysiology 46, 28–33.
Easterbrook, J.A., 1959. The effect of emotion on cue utilization and the organization
of behavior. Psychological Review 66, 183–201.
Esposito, F., Mulert, C., Goebel, R., 2009. Combined distributed source and singletrial EEG-fMRI modeling: application to effortful decision making processes.
NeuroImage 47, 112–121.

P.A. Gable, E. Harmon-Jones / Biological Psychology 90 (2012) 150–153
Fenske, M.J., Eastwood, J.D., 2003. Modulation of focused attention by faces expressing emotion: evidence from ﬂanker tasks. Emotion 3, 327–343.
Ferrari, V., Codispoti, M., Cardinale, R., Bradley, M.M., 2008. Directed and motivated
attention during processing of natural scenes. Journal of Cognitive Neuroscience
20, 1753–1761.
Foti, D., Hajcak, G., 2008. Deconstructing reappraisal: descriptions preceding arousing pictures modulate the subsequent neural response. Journal of Cognitive
Neuroscience 20, 977–988.
Foti, D., Hajcak, D., Dien, J., 2009. Differentiating neural responses to emotional
pictures: evidence from temporal–spatial PCA. Psychophysiology 46, 521–530.
Franken, I.H.A., Nijs, I., Pepplinkhuizen, L., 2008. Effects of dopaminergic modulation
on electrophysiological brain response to affective stimuli. Psychopharmacology
195, 537–546.
Gable, P.A., Harmon-Jones, E., 2008. Approach-motivated positive affect reduces
breadth of attention. Psychological Science 19, 476–482.
Gable, P.A., Harmon-Jones, E., 2010a. The blues broaden, but the nasty narrows:
attentional consequences of negative affects low and high in motivation intensity. Psychological Science 21 (2), 211–215.
Gable, P.A., Harmon-Jones, E., 2010b. The motivational dimensional model of affect:
implications for breadth of attention, memory, and cognitive categorisation.
Cognition and Emotion 24 (2), 322–337.
Gable, P.A., Harmon-Jones, E., 2011. Attentional states inﬂuence early neural
responses associated with motivational processes: local vs. global attentional scope and N1 amplitude to appetitive stimuli. Biological Psychology 87,
303–305.
Goetz, P.W., Robinson, M.D., Meier, B.P., 2008. Attention training of the appetitive
motivation system: effects on sensation seeking preferences and reward-based
behavior. Motivation and Emotion 32, 120–126.
Hajcak, G., Weinberg, A., MacNamara, A., Foti, D., 2010. ERPs and the Study of Emotion. In: Luck, S., Kappenman, E. (Eds.), Handbook of Event-Related Potential
Components. Oxford University Press, New York.
Keil, A., Muller, M.M., Gruber, T., Wienbruch, C., Stolarova, M., Elbert, T., 2001. Effects
of emotional arousal in the cerebral hemispheres: a study of oscillatory brain
activity and event-related potentials. Clinical Neurophysiology 112, 2057–2068.
Keil, A., Bradley, M., Hauk, O., Rockstroh, B., Elbert, T., Lang, P., 2002. Large-scale
neural correlates of affective picture processing. Psychophysiology 39, 641–649.
Klinger, E., 1975. Consequences of commitment to and disengagement from incentives. Psychological Review 82, 1–25.
Liberman, N., Forster, J., 2009. Distancing from the experienced self: how global-local
perception affects estimation of psychological distance. Journal of Personality
and Social Psychology 97, 203–216.
MacLeod, C., Rutherford, E., Campbell, L., Ebsworthy, G., Holker, L., 2002. Selective attention and emotional vulnerability: assessing the causal basis of their

153

association through the experimental manipulation of attentional bias. Journal
of Abnormal Psychology 111, 107–123.
MacNamara, A., Hajcak, G., 2009. Anxiety and spatial attention moderate the electrocortical response to aversive pictures. Neuropsychologia 47, 2975–2980.
MacNamara, A., Ochsner, K.N., Hajcak, G., 2011. Previously reappraised: the lasting effect of description type on picture-elicited electrocortical activity. Social,
Cognitive, and Affective Neuroscience 6, 348–358.
Navon, D., 1977. Forest before trees: the precedence of global features in visual
perception. Cognitive Psychology 9, 353–383.
Newman, J.P., Curtin, J.J., Bertsch, J.D., Baskin-Sommers, A.R., 2010. Attention moderates the fearlessness of psychopathic offenders. Biological Psychiatry 67,
66–70.
Olofsson, J.K., Nordin, S., Sequeira, H., Polich, J., 2008. Affective picture processing: an integrative review of ERP ﬁndings. Biological Psychology 77,
247–265.
Picton, T.W., Bentin, S., Donchin, E., Hillyard, S.A., Johnson, R., Miller, G.A., Ritter,
W., Ruchkin, D.S., Rugg, M.D., Taylor, M.J., 2000. Guidelines for using human
event-related potentials to study cognition: recording standards and publication
criteria. Psychophysiology 37, 127–152.
Sanders, G.S., Baron, R.S., Moore, D.L., 1978. Distraction and social comparison as
mediators of social facilitation effects. Journal of Experimental Social Psychology
14, 291–303.
Schupp, H., Junghöfer, M., Weike, A., Hamm, A., 2004. The selective processing
of brieﬂy presented affective pictures: an ERP analysis. Psychophysiology 41,
441–449.
Schupp, H.T., Stockburger, J., Codispoti, M., Junghöfer, M., Weike, A.I., Hamm, A.O.,
2006. Stimulus novelty and emotion perception: the near absence of habituation
in the visual cortex. Neuro Report 17, 365–369.
Schupp, H.T., Stockburger, J., Codispoti, M., Junghöfer, M., Weike, A.I., Hamm,
A.O., 2007. Selective visual attention to emotion. Journal of Neuroscience 27,
1082–1089.
Semlitsch, H.V., Anderer, P., Schuster, P., Presslich, O., 1986. A solution for reliable and
valid reduction of ocular artifacts, applied to the P300 ERP. Psychophysiology 23,
695–703.
Thiruchselvam, R., Blechert, J., Shepps, G., Rydstrom, A., Gross, J.J., 2011. The temporal
dynamics of emotion regulation: an EEG study of distraction and reappraisal.
Biological Psychology 87, 84–92.
Urry, H.L., 2010. Seeing, thinking, and feeling: emotion-regulating effects of gazedirected cognitive reappraisal. Emotion 10, 125–135.
Vogel, E.K., Luck, S.J., 2000. The visual N1 component as an index of a discrimination
process. Psychophysiology 37, 190–203.
Weinberg, A., Hajcak, G., 2010. Beyond good and evil: Implications of examining
electrocortical activity elicited by speciﬁc picture content. Emotion 10, 767–782.

