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Abstract
The approach-withdrawal model of hemispheric activation suggests that left frontal
cortical areas mediate approach, while right frontal cortical areas mediate withdrawal
motivation. Within this framework, the present study investigates the association of
frontal cortical asymmetry with attentional and emotional responses toward approach-
and withdrawal-related emotional stimuli. Resting frontal asymmetry was measured
from 43 students before they passively viewed negative, neutral, and positive emo-
tional pictures. The startle reflex, skin conductance response, and subjective ratings
of valence and arousal were assessed to quantify emotional responding, while atten-
tion was assessed with ERPs. We also assessed frontal asymmetry in response to the
pictures. Results indicated that relatively stronger right frontal cortical activation was
associated with increased N1 amplitudes and more negative subjective emotional
evaluation of all stimuli. Furthermore, enhanced right frontal asymmetry (state and
trait) was associated with diminished emotional modulation of the late positive poten-
tial. In contrast, no association of frontal asymmetry with defensive reflex physiology
or activation of sympathetic nervous system activity was found. The current data sug-
gest dissociable influence of resting frontal brain asymmetry on attentional and
physiological processing of withdrawal- and approach-related stimuli. That is, asym-
metrical frontal cortical brain activation might not modulate approach-/withdrawal-
related motor responses and sympathetic arousal directly, but instead enhances alloca-
tion of attentional resources to subjectively significant stimuli. The results are
discussed in terms of their potential importance for emotion perception in anxiety dis-
orders and their contribution to the understanding of frontal asymmetry.
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1 | INTRODUCTION

Individual responses to emotional stimuli vary greatly across
individuals. Among the numerous individual differences
(review in Hamann & Canli, 2004) influencing emotion
processing, asymmetrical activation of the frontal cortex has
received major attention over the past three decades (Har-
mon-Jones, Lueck, Fearn, & Harmon-Jones, 2006). For
example, the approach-withdrawal model of hemispheric
activation (Davidson, 1992) suggests that left frontal cortical

areas mediate approach, while right frontal cortical areas
mediate withdrawal motivation (overview in Coan & Allen,
2004b; Leventhal & Tomarken, 1986; Silberman & Wein-
gartner, 1986). Based on this dispositional model of hemi-
spheric activation, it was predicted that trait-like individual
differences in resting asymmetrical frontal brain activation
(i.e., the individual’s affective style, Davidson, 1992, 1998)
cause individual differences in emotional processing (Coan
& Allen, 2004b; Davidson, Jackson, & Kalin, 2000). In a
conceptual extension, Coan, Allen, and McKnight (2006)
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also highlighted the importance of situational factors. Fol-
lowing the capability model of hemispheric activation, the
individual intensity of right or left frontal activation (i.e.,
state frontal asymmetry) during emotional situations modu-
lates the individual’s emotional responses in that situation
(Coan, Allen, & McKnight, 2006). Put into concrete words,
these models predict that persons showing larger right frontal
cortical activation either at rest or while experiencing emo-
tions are supposed to show enhanced withdrawal-related
emotional responses toward withdrawal-related, negative
stimuli. In contrast, persons showing a pattern of larger rela-
tive left frontal cortical activation (either at rest or during
emotion processing) show more approach-related emotional
responses toward approach-related, positive stimuli (Coan &
Allen, 2004b; Davidson, 1992; Harmon-Jones, Gable, &
Peterson, 2010). In addition, as proposed by Heller’s two-
dimensional model, anxiety manifesting predominantly with
symptoms of anxious apprehension might also be character-
ized by enhanced relative left frontal activity, while persons
with a trait-like disposition to react with anxious arousal
(e.g., persons suffering from panic disorder) are supposed to
show enhanced activity of right parietal as compared to left
parietal regions (Heller, Nitschke, Etienne, & Miller, 1997;
see Heller, 1993, for a theoretical overview).

However, supporting research involving models of fron-
tal asymmetry has demonstrated an association between rest-
ing right and left frontal cortical activation and more
negative evaluation of withdrawal-related film clips (Tom-
arken, Davidson, & Henriques, 1990; Wheeler, Davidson, &
Tomarken, 1993) and more positive evaluation of approach-
related film clips, respectively (Wheeler et al., 1993). In
addition, right frontal asymmetry is associated with dimin-
ished emotion regulation abilities (Goodman, Rietschel, Lo,
Costanzo, & Hatfield, 2013; Jackson et al., 2003), as well as
attentional biases toward withdrawal-related stimuli (Grim-
shaw, Foster, & Corballis, 2014; Miskovic & Schmidt, 2010;
P!erez-Edgar, Kujawa, Nelson, Cole, & Zapp, 2013). Finally,
a series of studies on anger (i.e., an approach-oriented emo-
tion) have shown that enhanced left frontal brain asymmetry
during the perception of anger-evoking pictures is related to
enhanced motivated attention (e.g., Gable & Poole, 2014;
Poole & Gable, 2014; overview in Harmon-Jones et al.,
2010). This gives evidence for an association of frontal
asymmetry with motivational tendency elicited by the stimu-
lus, rather than with its emotional valence (Harmon-Jones &
Allen, 1998).

However, although these data are generally consistent
with the approach-withdrawal model, there are also studies
that failed to replicate (Hagemann, Naumann, Becker, Maier,
& Bartussek, 1998) or found only partial support for the
models’ predictions (Coan & Allen, 2003; Goodman et al.,
2013; Jackson, Malmstadt, Larson, & Davidson, 2000).

Moreover, only very few studies assessed the association of
frontal asymmetry with psychophysiological reactivity, and
to our knowledge no study to date assessed emotional reac-
tivity with physiological, attentional, and self-report meas-
ures in one single paradigm. However, to understand the
entire course of emotional responding (i.e., attentional proc-
essing of eliciting stimuli, bottom-up emotion generation
processes, emotional evaluation/top-down emotion control;
for details, see McRae, Misra, Prasad, Pereira, & Gross,
2012; Ochsner et al., 2009), the importance of multilevel
response scoring, (i.e., behavior, self-report, and physiologi-
cal reactions) has been highlighted repeatedly (e.g., Ekman,
1992; Fabiani, 2015; Izard, 1977; Lang, 1988; Mauss, Lev-
enson, McCarter, Wilhelm, & Gross, 2005). Thus, in sum,
the present literature lacks final evidence of whether frontal
asymmetry uniformly influences the entire course of emotion
processing.

1.1 | The present study

The main aim of the present study was therefore to assess
whether asymmetrical frontal brain activation uniformly
modulates the different levels of emotion processing. To
address this question adequately, (a) the different levels of
stimulus processing had to be assessed in one single para-
digm, and (b) we had to prove that approach and withdrawal
emotion tendencies are elicited within the current paradigm.

To accomplish this, we used the passive viewing para-
digm of approach- and withdrawal-related stimuli. This para-
digm has been used extensively to test the assumptions from
the biphasic or motivational model of emotion (Lang, Brad-
ley, & Cuthbert, 1997). It is ideally suited for two reasons:
(a) The model’s key assumptions largely overlap those
derived from the approach-withdrawal model (cf. Davidson
et al., 2000).1 (b) The passive viewing paradigm of
approach- and withdrawal-related emotional pictures pro-
duces a reliable and replicable pattern of emotional respond-
ing including attention deployment, bottom-up emotion
generation (McRae et al., 2012; Ochsner et al., 2009) as
well as top-down processes, such as subjective emotion eval-
uation (e.g., Grimm et al., 2006; Taylor, Phan, Decker, &
Liberzon, 2003).

1The biphasic theory of emotion proposes two motivational systems
(appetitive and aversive) guiding human behavior in light of evolution-
ary significant situations (Bradley et al., 2001; Fanselow, 1994; Lang,
2014; Lang & Bradley, 2013; Lang et al., 1997). Activation of these sys-
tems initiates increased sensory processing of target stimuli (i.e., atten-
tion modulation) as well as mobilization of the organism for action
(Lang & Bradley, 2013), associated with an orchestrated response of
underlying neural circuits of the brain, as well as corresponding auto-
nomic responses (both from the sympathetic and the parasympathetic
branch) and subjective emotional experience (e.g., Bradley et al., 2001;
Lang & Bradley, 2013; Lang et al., 1998).
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In detail, this pattern consists of an emotional modula-
tion of early spatial attention allocation (as assessed with
early ERPs, i.e., N1 and P1; see review in Olofsson,
Nordin, Sequeira, & Polich, 2008) and an enhancement of
late motivated attention (assessed with late positive poten-
tials, LPP, of the EEG; Cuthbert, Schupp, Bradley,
Birbaumer, & Lang, 2000; Olofsson et al., 2008; Schupp
et al., 2000). Moreover, elevated arousal-related sympa-
thetic autonomous responding (as assessed with the skin
conductance response, SCR; see, e.g., Bradley et al., 2001)
for positive and negative stimuli, as compared to neutral
stimuli, are found consistently. Finally, numerous studies
using appetitive and aversive stimuli from different modal-
ities (Alpers, Adolph, & Pauli, 2011; Bradley, Codispoti,
Cuthbert, & Lang., 2001; Miltner, Matjak, Braun,
Diekmann, & Brody, 1994) showed potentiation of the
startle reflex (i.e., see Bradley et al., 2001; Lang, Bradley,
& Cuthbert, 1998a), indicating enhanced withdrawal moti-
vation (Davis, 2006; Vrana, Spence, & Lang, 1988; over-
view in Bradley et al., 2001) and more negative subjective
evaluation for threatening, and an attenuated startle
response (indicating approach motivation) as well as more
positive subjective evaluation for approach-related positive
stimuli, as compared to neutral ones.

This response pattern—and most notably the emotional
modulation of the startle reflex—indicates activation of the
mammalian defensive or appetitive motivational systems,
respectively (overview in Bradley et al., 2001, Lang, Brad-
ley, & Cuthbert, 1998b; L€ow, Lang, Carson Smith, & Brad-
ley, 2008). For example, the startle reflex is a cross-species
defensive reflex, with the purpose of facilitating flight or pro-
tecting the body from a sudden attack (e.g., Grillon & Baas,
2003). It is enhanced when the organism is exposed to threat,
while it is attenuated in appetitive contexts. Consistent with
this, in experimental contexts, it has been demonstrated that,
rather than the hedonic valence of the emotional stimulus
(e.g., a negative or positive picture), its motivational signifi-
cance (e.g., if it signals threat or reward) is responsible for
the modulation of the startle reflex (see Bradley, Moulder, &
Lang, 2005; Grillon, 2002).

For the purpose of the present study, we presented
approach- and withdrawal-related, as well as neutral control
stimuli, and assessed responding of the sympathetic branch
of the autonomous nervous system with the SCR,
motivation-directed reflex action with the affect-modulated
startle reflex, early automatic spatial (N1 component) and
late motivational attention processes (LPP) with ERPs, as
well as self-report measures of valence and arousal to assess
the entire course of emotional responding. We then related
these emotional responses to both trait-like resting frontal
asymmetry (dispositional model) and frontal asymmetry dur-
ing the perception of the stimuli (capability model).

Following the literature and theoretical considerations
based on the models, we await relatively enhanced right
frontal cortical activation to be associated with a negativity
bias in emotion processing (i.e., enhanced startle responses),
enhanced skin conductance responses, more negative self-
report, and enhanced attention allocation toward withdrawal-
related as compared to neutral or positive stimuli (negative
emotion bias).

2 | METHODS AND MATERIAL

2.1 | Participants

Participants were 43 right-handed students (28 female, age
range 19–34 years, M5 24.1, SD5 3.7) recruited at Ruhr-
Universität Bochum. All participants reported normal or
corrected-to-normal vision, no use of medication on the day
of testing, as well as no current or history of neurological
disorders. Participants scored within the normal range for
depression (range 0–19, M5 3.8, SD5 3.9) and trait anxiety
(range 23–61, M5 35.4, SD5 7.4). No participant was
excluded due to his or her questionnaire scores. All gave
written informed consent to procedures and were paid e20.
Due to technical reasons, we lost electrodermal activity and
startle data of two and ERP data of five participants. One
participant discontinued the experiment without giving a rea-
son. The study was conducted in accordance with the Decla-
ration of Helsinki and was approved by the ethics review
board of the Faculty of Psychology at Ruhr-Universität
Bochum.

2.2 | Assessment of emotional responsivity

During startle assessment, 66 pictures from the International
Affective Picture System (IAPS; Lang, Bradley, & Cuthbert,
2008) and a custom picture set were presented in two blocks
of 33 pictures each (11 positive, 11 neutral, and 11 nega-
tive).2 The pictures successfully elicited approach and with-
drawal motivation in a previous study at our lab and were
chosen on the basis of their valence and arousal ratings (neu-
tral: valence M5 1.15, arousal M5 4.11; positive: valence
M5 2.09, arousal M5 5.95; negative: valence M522.12,
arousal M5 6.59). Negative pictures represented threatening
contents associated with withdrawal motivation (e.g., point-
ing gun, poisonous snake), while positive pictures showed
contents related to approach motivation (e.g., erotic couples,
food, sports). Within blocks, pictures were presented ran-
domly for 6 s (with no more than three pictures of the same

2IAPS numbers: negative: 1050, 1201, 1300, 2730, 3010, 3170, 6020,
6260, 6350, 9040, 9300; neutral: 5500, 5535, 7000, 7004, 7006, 7010,
7020, 7100, 7140, 7500, 7550; positive: 2208, 2216, 4608, 4660, 4680,
5621, 5626, 8030, 8190, 8500, 8531.
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category shown in sequence). The intertrial intervals (ITI)
varied randomly between 18 and 20 s. Within the ITIs, par-
ticipants rated the pictures for valence and arousal using the
Self-Assessment Manikin (SAM, Bradley & Lang, 1994).
Startle probes were delivered randomly during an interval
between the third and fifth second after picture onset. Probes
were presented during 14 picture presentations of each
valence category and during 12 ITIs.

2.3 | Questionnaires

Because frontal asymmetry is thought to constitute a trait-
like vulnerability factor for the development of emotion-
related disorders (for a review, see Coan & Allen, 2004b),
we assessed anxiety and depression to later control for these
factors within the data. Trait anxiety was assessed with the
trait form of the State-Trait Anxiety Inventory (STAI-T,
Laux, Schaffner, Glanzmann, & Spielberger, 1981) while
depression was assessed with the Depression Scale (DS, von
Zerssen & Koeller, 1976). For the DS, scores below 10 are
considered to be within the normal range (comparative sam-
ples, mean: 5.5; depressive samples, mean: 26.3, see von
Zerssen & Koeller, 1976). Both the STAI-T as well as the
DS showed good internal consistency in the actual sample
(STAI-T: Cronbach’s a [CR-a]5 .85, DS: CR-a5 .79).

2.4 | Psychophysiological recordings and
response scoring

All psychophysiological data were recorded with a sampling
rate of 1000 Hz using Ag/AgCl electrodes, digitized with 16-
bit (BrainAmp, Brain Products, Germany) and filtered online
with a 50 Hz notch filter. EEG was recorded according to
the International 10/20 system from 32 scalp locations (Fp1,
Fp2, F7, F3, Fz, F4, F8, Fc5, Fc1, Fc2, Fc6, T7, C3, Cz, C4,
T8, Tp9, Cp5, Cp1, Cp2, Cp6, Tp8, P7, P3, Pz, P4, P8, Po9,
O1, Oz, O2, Po10) in reference to the left mastoid with
impedances below 2 kOhm. Orbicularis oculi electromyo-
gram (EMG) electrodes were placed according to published
guidelines (Blumenthal et al., 2005), and electrodermal activ-
ity electrodes were attached at the distal phalanxes of the
nondominant hand’s middle and index finger.

Offline, EEG channels were referenced to linked mas-
toids, high- (0.05 Hz, 24 db/oct) and low-pass filtered (40
Hz, 24 db/oct), and corrected for ocular artifacts (Gratton,
Coles, & Donchin, 1983). Periods with excessive noise were
excluded (i.e., amplitudes below 2150 or above 150 mV,
slopes> 50 mV/ms). Frontal asymmetry was assessed in
accord with published recommendations (cf. Allen, Coan, &
Nazarian, 2004). In brief, data were segmented in 2-s inter-
vals for resting frontal asymmetry and in 1-s intervals for
asymmetry data during picture viewing (Gable & Poole,

2014; Harmon-Jones et al., 2006; Poole & Gable, 2014; both
50% overlap), and fast Fourier transform was applied using
an end-tapered Hamming window. For resting asymmetry,
segments were then averaged across eyes closed and eyes
open conditions. For state asymmetry during picture view-
ing, segments were averaged according to the respective
valence category (i.e., positive, neutral, negative). Then,
power values in the alpha band (8–13 Hz) were extracted
separately for each EEG channel, and an asymmetry score
was calculated by subtracting right frontal activity from left
frontal activity (i.e., lnF42 lnF3). For resting data, we aver-
aged across eyes open and eyes closed conditions, because
Spearman-Brown corrected reliability was .91 for the eyes
open and eyes closed conditions, and averaging yields a
more reliable estimate of frontal asymmetry than either con-
dition alone (Hagemann, 2004; Tomarken, Davidson,
Wheeler, & Kinney, 1992). In addition, Spearman-Brown
corrected split half reliability between the first and last 4 min
of measurement was high (.98) thus confirming highly reli-
able assessment of frontal asymmetry.

To assess the ERPs in response to picture onset, data
were segmented (100 ms prior to 1,000 ms following picture
onset), baseline-corrected (100 ms prior to stimulus onset),
and averaged according to the conditions. Areas of interest
were defined based on visual inspection of grand averages
(see Figure 1). The general topography of the ERP wave
showed a prominent negative-going peak with a latency of
about 100 ms (i.e., N1) followed by sustained positive
waves, peaking at latencies of approximately 200 and 300
ms, terminating in a sustained positive-going slow wave
(i.e., LPP) peaking about 700–1,000 ms after picture onset.
For the purpose of the current study, we were interested in
early spatial attention processing as well as late motivated
attention. Thus, we focused on the N1 and LPP for further
processing. Therefore, an area between 90 and 130 ms
served to cover the N1 component and a window between
400 and 1,000 ms was used to obtain the LPP.

Startle responses were extracted in accord with published
guideline (see Blumenthal et al., 2005). In brief, offline orbi-
cularis oculi EMG was high (20 Hz, 24 db/oct) and low-pass
filtered (500 Hz, 24 db/oct). Data were then baseline-
corrected (20 ms before probe onset), rectified, and smoothed
(10-ms moving average). Startle magnitudes were extracted
as the maximum peak in a time window between 30 and 150
ms after startle probe onset and scored as zero if they did not
exceed the maximum during the baseline interval by the fac-
tor two. Outliers (conditions mean plus 3 SD) were excluded,
data were z-standardized and averaged according to the con-
ditions (i.e., positive, negative, neutral). Spearman-Brown
corrected split-half reliability for the startle data was .92.

Electrodermal activity was low-pass filtered (1 Hz, 24
db/oct), baseline-corrected (-1,000–0 ms before picture
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onset), and the SCR was extracted as the maximum deflec-
tion in a time window between 1,000 and 8,000 ms follow-
ing picture onset. SCR below 0.01 lS were scored as zero.
Prior to averaging according to the conditions, SCR were
log-transformed, ln(SCR1 1). Spearman-Brown corrected
split-half reliability for the SCR data was .99.

2.5 | Data analysis

Because it reduces statistical power and may result in artifi-
cial groups that distort the underlying continuous relation-
ships, dichotomizing is not recommended for asymmetry
data (see Coan & Allen, 2004). Thus, for all analyses of
emotional responses, a continuous between-subjects factor
asymmetry was included. For subjective ratings, skin con-
ductance response and startle data mixed general linear mod-
els were conducted including the within-subject factor
emotion (positive, neutral, negative) and the between-
subjects factor asymmetry. Previous research suggests that
changes in current states substantially influence frontal asym-
metry (Coan & Allen, 2004b; Hagemann, Hewig, Seifert,
Naumann, & Bartussek, 2005). It has been argued that, by
controlling for current mood, these influences can be sub-
stantially reduced (Adolph & Margraf, 2017). Thus, to con-
trol for state influences, we performed a linear regression
using frontal asymmetry as dependent variable and current
mood as a predictor (as assessed with a modified version of
the Self-Assessment-Manikin, SAM (for details, see Adolph
& Margraf, 2017). Resulting residuals were then free from
the influence of state mood and were thereafter used for fur-
ther analysis.

Confirming previous research (Foti, Hajcak, & Dien,
2009), visual inspection of EEG grand averages showed that
N1 waveforms were most prominent around central and pari-
etal electrode sites (C3, Cz, C4, P3, Pz, P4), and LPPs
occurred around central and parietal (e.g., Weinberg & Haj-
cack, 2011), as well as frontal electrode sites (Cunningham,
Espinet, DeYoung, & Zelazo, 2005; Diedrich, Naumann,
Maier, & Becker, 1997). Therefore, we included central,
parietal, and anterior sites in further analysis for the LPP
(i.e., P3, Pz, P4, C3, Cz, C4, F3, Fz, F4). Taken together, the
factors transversal (N1 and LPP: left, middle, right) and sag-
ittal electrode sites (N1: central, parietal; LPP: frontal, cen-
tral, parietal) were included in the models. Significant main
effects and interactions were followed up with nested effects
and simple regression analyses. Cohen’s f and R2 effect sizes,
as well as Huynh-Feldt corrected p values are reported.
Moreover, to assess the influence of trait cortical activation
on emotion discrimination (see Weinberg & Hajcak, 2011),
we then calculated emotional discrimination scores by sub-
tracting emotional reactions toward neutral pictures from
emotional activation toward emotional pictures (i.e., D emo-
tion discrimination scores: positive-neutral, negative-neutral;
e.g., Weinberg & Hajcak, 2011). For those dependent varia-
bles where significant interaction with frontal asymmetry
were found within the mixed-model analyses of variance
(ANOVAs), we then calculated correlations between emo-
tion discrimination scores and frontal asymmetry (according
to Jackson et al., 2003). Finally, to assess the relationship
between emotional responding and state frontal asymmetry

FIGURE 1 ERPs elicited by neutral, positive, and negative pictures
at Fz, Cz, and Pz. Positive and negative emotional pictures elicited larger
LPPs than neutral pictures
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during picture viewing, correlations were conducted between
emotional responding (i.e., ERPs, startle, SCR, ratings)
toward the respective picture category (i.e., positive, neutral,
negative) and state asymmetry assessed during the same pic-
ture category (see Gable & Poole, 2014; Harmon-Jones
et al., 2006; Poole & Gable, 2014). For correlations effect
size R2 was calculated, and for all statistical tests an alpha
level of 5% was used.

2.6 | Procedure

Upon arrival, participants were seated in a recliner in a
dimly lit room. Afterward, electrodes were attached, and
participants completed the mood questionnaire. Then, par-
ticipants were instructed to relax with their eyes open (O)
and closed (C) in one of two alternating orders of eight 1-
min intervals (OCCOCOOC or COOCOCCO) while rest-
ing EEG was recorded. After recording ended, participants
completed the STAI-T and the DS. Emotional reactivity
was then assessed beginning with six startle probes to
induce startle habituation. After the assessment of emo-
tional responses ended, electrodes were removed and par-
ticipants were paid.

3 | RESULTS

3.1 | Associations between resting frontal
asymmetry and emotional responses

3.1.1 | Self-reported valence

Self-reported valence was strongly influenced by picture
category (main effect for emotion, F(2, 70)5 168.93,
p <. 001, f5 2.19). In detail, as expected, negative pic-
tures were rated significantly more negatively than neutral
pictures, which in turn were rated less positively than pos-
itive pictures (all t tests p< .001, one-tailed). Further-
more, results show that larger right frontal asymmetry
was related to more negative valence ratings (main effect
for asymmetry, F(1, 35)5 6.78, p5 .013, f5 0.44;
b5 .403). However, this effect was independent of emo-
tion category, Emotion 3 Asymmetry, F(2, 70)5 0.05,
ns. Partial correlations revealed that this effect was also
independent of trait anxiety and depression, rp5 .385,
p5 .043, R25 .148 (see Table 1).

3.1.2 | Self-reported arousal

Self-reported arousal ratings differed for the three emotion
categories (main effect for emotion, F(2, 70)5 70.81,
p< .001, f5 1.42. Neutral pictures were rated less arousing
than both positive and negative pictures. However, negative

pictures were rated more arousing than positive ones (all
ps< .001, one-tailed). The interaction Emotion 3 Asymme-
try, F(2, 70)5 0.56, ns, and the main effect for asymmetry,
F(1, 35)5 0.62, ns, were not significant (see Table 1).

3.1.3 | Startle reflex

Paralleling valence ratings and, as expected, startle responses
were largest for negative pictures, intermediate for neutral
pictures, and smallest for positive pictures (t tests: positive
vs. neutral, p5 .046; positive vs. negative, p5 .001; nega-
tive vs. neutral, p5 .046, one-tailed). This finding was sub-
stantiated by the significant main effect for emotion, F(2,
68)5 5.95, p5 .004, f5 0.42, as well as a significant linear
polynomial contrast, F(1, 34)5 12.18, p5 .001, f5 0.60.
The interaction Emotion 3 Asymmetry, F(2, 68)5 0.22, ns,
as well as the main effect for asymmetry, F(1, 35)< 0.01,
ns, were not significant3 (see Table 1).

3.1.4 | SCR

Emotional pictures elicited larger SCR than neutral pic-
tures, while responses for positive and negative pictures did
not differ (main effect for emotion, F(2, 66)5 3.59,
p5 .040, f5 0.33, t tests: positive vs. neutral p5 .022,
positive vs. negative, ns, negative vs. neutral: p5 .024, all
one-tailed). This effect was further substantiated by a sig-
nificant quadratic polynomial contrast, F(1, 33)5 4.85,
p5 .035, f5 0.38. Both the interaction Emotion 3
Asymmetry, F(2,68)5 0.60, ns, and the main effect

TABLE 1 Means and standard deviations for self-report, skin con-
ductance response, and startle reflex data

M SD

Valence ratings Positive
Neutral
Negative

1.08
0.04

21.36

0.63
0.54
0.80

Arousal ratings Positive
Neutral
Negative

4.35
3.30
4.90

1.35
1.26
1.15

EDA (lS) Positive
Neutral
Negative

0.07
0.05
0.07

0.07
0.07
0.07

Startle (z score) Positive
Neutral
Negative

20.12
0.00
0.12

0.24
0.25
0.25

3Analysis of nonstandardized startle raw data revealed comparable
results.
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for asymmetry, F(1, 33)5 0.07, ns, failed to reach signif-
icance (see Table 1).

3.1.5 | ERPs—N1

Table 2 shows all ANOVA effects for the N1 waveform.
The N1 appeared largest at central electrode sites (see
Figure 1). This impression was substantiated by a signifi-
cant interaction of Sagittal 3 Transversal electrode sites
(see Table 2). Planned contrasts revealed that the N1 was
largest at midline electrodes (transversal left vs. central,
p< .001, transversal right vs. central, p< .001). While the
N1 did not differ at central electrodes (Cz vs. Pz, ns), N1
was larger at left and right central electrode sites as
compared to left and right parietal sites (C3 vs. P3,
p5 .007; C4 vs. P4, p5 .022). Results further indicated
that asymmetry influenced N1 amplitudes as a function of
transversal electrode sites (i.e., interaction Transversal 3
Asymmetry). Enhanced right frontal asymmetry was
related to larger N1 amplitudes at left electrode sites,
b5 .379, t5 2.17, p5 .039, but not central, b5 .102,
t5 0.54, ns, or right electrode sites, b5 .104, t5 0.55,
ns. As for valence ratings, this effect was independent of
trait anxiety and depression (partial correlation: Asymme-

try 3 N1 at left electrode sites, rp 5.362, p5 .058,
R25 .131).

3.1.6 | ERPs—LPP

Table 2 shows the ANOVA results. The LPP waveform was
largest at parietal electrode sites (M5 8.75, SD5 4.17, see
Figure 1), intermediate at central electrode sites (M5 4.10,
SD5 2.63), and smallest at frontal electrode sites
(M521.07, SD5 4.60, main effect for sagittal, all planned
contrasts, p< .001). Furthermore, the LPP was more positive
at midline electrodes (M5 4.42, SD5 2.97) as compared to
left (M5 3.31, SD5 2.59) electrodes (planned contrast for
main effect for transversal: midline vs. left, p5 .001). While
left electrodes tended to show larger LPPs as compared to
right (M5 4.05, SD5 2.85) electrodes (p5 .053), LPPs at
midline and right electrode sites did not differ significantly
(p> .10). Neutral pictures (M5 2.27, SD5 2.56) elicited
significantly smaller LPPs than positive (M5 4.59,
SD5 2.95) and negative (M5 4.91, SD5 3.18) pictures
(planned contrasts main effect for emotion: positive vs. nega-
tive, p5 .374; negative vs. neutral, p< .001, one-tailed; pos-
itive vs. neutral, p< .001, one-tailed). Results further
revealed that asymmetry influenced emotion as a function of

TABLE 2 GLM results for the N1 and the LPP analysis

N1 LPP

F(df) p Cohens f F(df) p Cohens f

E 0.41 (2, 56) ns – 31.02 (2, 56) < .001 1.05

E 3 A 1.22 (2, 56) ns – 0.76 (2, 56) ns –

S 6.51 (2, 56) .017 0.48 30.38 (1, 28) < .001 1.04

S 3 A 0.42 (2, 56) ns – 1.40 (2, 56) ns –

T 10.92 (1, 28) < .001 0.63 3.72 (2, 56) .038 0.36

T 3 A 3.50 (1, 28) .037 0.35 2.57 (1, 28) ns –

E S 1.42 (4, 112) ns – 1.03 (4, 112) ns –

E 3 S 3 A 1.36 (4, 112) ns – 1.46 (2, 56) ns –

E 3 T 1.17 (2, 56) ns – 2.95 (2, 56) .023 0.32

E 3 T 3 A 0.22 (2, 56) ns – 2.62 (4, 112) .039 0.30

S 3 T 15.81 (2, 56) < .001 0.75 2.25 (2, 56) ns –

S 3 T 3 A 1.14 (2, 56) ns – 0.13 (2, 56) ns –

E 3 S 3 T 0.30 (4, 112) ns – 0.70 (4, 112) ns –

E 3 S 3 T 3 A 0.31 (4, 112) ns – 1.25 (4, 112) ns –

A 1.10 (1, 28) ns – 2.01 (1, 28) ns –

Note: Dashes indicate that effect sizes were omitted for nonsignificant effects. Bold values mark significant main effects or interactions. E5 emotion;
T5 transversal; S5 sagittal; A5 frontal asymmetry.
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transversal electrode sites (see Table 2, significant interaction
Emotion 3 Asymmetry 3 Transversal). Larger right frontal
cortical activation was associated with enhanced LPPs at
midline electrode sites toward neutral pictures, b52.490,
t5 2.98, p5 .006, but not toward negative, b52.157,
t520.84, ns, or positive pictures, b52.162, t520.87,
ns. Again, this effect was independent of trait anxiety and
depression (partial correlation: asymmetry with LPP for neu-
tral pictures at midline electrode sites: rp52.532, p5 .004,
R25 .283)

3.2 | Correlations between emotional
reactivity scores and resting frontal asymmetry

Because the general linear model analysis revealed signifi-
cant interactions between asymmetry and emotion for the
LPP only, emotion reactivity scores were only reported for
the LPP. Results revealed that larger resting right frontal
cortical activation is associated with diminished DLPP emo-
tion discrimination scores toward positive, r5 .389,
p5 .033, R25 .151, and negative pictures, r5 .345,
p5 .062, R25 .119, along midline electrodes (Fz, Cz, Pz).
For both positive, r5 .572, p5 .001, R25 .327, and nega-
tive pictures, r5 .484, p5 .008, R25 .234, this effect was

maximal over Fz (see Figure 2, left panel). To determine
whether the relationship between trait frontal cortical activa-
tion and DLPP emotion discrimination scores is independent
of trait anxiety and depression, we calculated partial correla-
tions controlling for these factors. Results indicate that corre-
lations between frontal activity and emotion discrimination
toward positive, rp5 .610, p 5.001, R25 .372, and negative,
rp5 .472, p5 .011, R25 .223, pictures was independent of
depression and trait anxiety.

3.3 | Associations between state changes in
frontal asymmetry and emotional responses

Consistent with previous studies (Gable & Harmon-Jones,
2008; Harmon-Jones, 2007, Harmon-Jones et al., 2006), state
frontal asymmetry within the 6 s of picture viewing did not
differ between picture types (for all comparisons p> .80).
However, based on previous findings (e.g., Poole & Gable,
2014), we examined the hypothesis that individuals’ differ-
ences in state frontal asymmetry were related to emotional
responses for pictures similar in emotional valence. Results
revealed that larger right frontal activation while viewing
negative pictures was related to more negative subjective
valence, r5 .393, p5 .024, R25 .154, and higher arousal

FIGURE 2 Correlations between resting alpha asymmetry scores (left), as well as state alpha asymmetry scores while viewing neutral pictures (right)
and LPPD discrimination scores at Fz (emotional-neutral). Larger right frontal cortical activation is associated with diminished emotional reactivity scores
toward positive (lower) and negative emotional pictures (upper)
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ratings, r52.480, p5 .005, R25 .230, toward these pic-
tures. Similarly, larger right frontal activation while viewing
neutral pictures was significantly associated with more nega-
tive valence ratings, r5 .393, p5 .024, R25 .154, but only
marginally significantly with higher arousal ratings,
r52298, p5 .092, R25 .089. Paralleling results for resting
trait-like asymmetry, we found that larger right frontal acti-
vation while viewing neutral pictures was associated with
larger LPPs toward neutral pictures at midline electrode sites,
r52.450, p5 .013, R25 203. Again, this effect was largest
at frontal electrodes: At Fz, larger right frontal activation
toward neutral pictures was associated with diminished
DLPP emotion discrimination scores for positive pictures,
r5 .436, p5 .016; R25 .190, and negative pictures,
r5 .414, p 5.023, R25 .171 (see Figure 2, right panel).
There were no significant correlations for the startle reflex
and the skin conductance data.

4 | DISCUSSION

The present study aimed to test whether resting trait-like
frontal brain asymmetry is associated with emotional and
attentional responses to approach- and withdrawal-related
stimuli. Therefore, we used the well-established passive pic-
ture viewing paradigm. We found that enhanced right frontal
cortical activation is associated with an undifferentiated neg-
ativity bias, and enhanced attention toward ambiguous stim-
uli. Right frontal asymmetry might thus constitute a potential
biomarker of deviant attention deployment.

However, the first aim of our study was to induce
approach and avoidance motivation using the passive view-
ing paradigm. In general, as compared to neutral pictures,
positive and negative pictures elicited larger motivated atten-
tion (i.e., larger LPP for emotional as compared to neutral
pictures), larger sympathetic physiological arousal (i.e., the
SCR indicating orienting toward a meaningful stimulus), and
larger self-reported arousal (SAM arousal ratings; i.e., neu-
tral< positive5 negative). In addition, negative pictures eli-
cited larger withdrawal motivation (potentiated startle
reflex), while positive pictures elicited larger approach moti-
vation (attenuated startle reflex) as compared to neutral pic-
tures (i.e., positive< neutral< negative). Paralleling these
results, negative pictures were rated to elicit more negative
and positive pictures to elicit more positive subjective emo-
tions (SAM valence ratings) than neutral pictures. Taken
together, we replicated the well-known pattern of emotional
responses within the passive viewing paradigm (e.g., Bradley
et al., 2001; Cuthbert et al., 2000).

Having proven that our emotional stimulation elicited
approach and withdrawal motivation, we looked for associa-
tions of emotional and attentional stimulus processing with
frontal brain asymmetry. We found evidence for an associa-

tion between resting traitlike frontal asymmetry with early
(N1) and late (LPP) attentional stimulus processing, as well
as emotional self-report (SAM valence ratings). In detail,
persons with larger right frontal brain activation showed
enhanced early spatial attention allocation (larger N1) to all
stimuli regardless of emotional content. This early spatial
attention effect was accompanied by diminished discrimina-
tive processing of emotional stimuli in terms of motivated
attention (i.e., lower DLPP for negative and positive stimuli)
and a more negative emotional evaluation of all picture cate-
gories in terms of self-reported valence.

In addition, we found that enhanced right frontal cortical
activation during the perception of neutral and negative pic-
tures was associated with more negative and more arousing
subjective evaluation of these stimuli. Paralleling results for
resting frontal asymmetry larger LPPs toward neutral pic-
tures were associated with larger right frontal cortical activa-
tion during the perception of these pictures.

4.1 | Early spatial attention and resting
frontal brain asymmetry

We found evidence for an association between enhanced
N1amplitudes and larger right frontal cortical activation.
This effect was independent of emotional valence, suggest-
ing an undifferentiated enhancement of early attentional
stimulus processing. The N1 is sensitive to selective spatial
attention allocation, and amplitudes are typically higher for
attended stimulus locations (Clark & Hillyard, 1996; Luck,
Woodman, & Vogel, 2000; Vogel & Luck, 2000). Thus, the
current data suggest a functional association between frontal
cortical asymmetry and enhanced spatial attention process-
ing. Interestingly, several previous studies found emotion-
unspecific perceptual enhancement of focused stimuli as evi-
denced by enhanced early ERP amplitudes in highly anxious
individuals (Bar-Haim, Lamy, & Glickman, 2005; Dennis &
Chen, 2007; Eldar, Yankelevitch, Lamy, & Bar-Haim, 2010;
Fisher et al., 2010). Furthermore, emotion-unspecific, tonic
enhancement was also found for other physiological varia-
bles. For example, people with anxiety disorders show
enhanced baseline startle responsivity (review in Grillon,
2002), indicating a generalized, tonic enhancement of with-
drawal motivation. In the same vein, people high in trait anx-
iety show enhanced context conditioning, a procedure testing
for tonic anxiety-like, rather than phasic fear responsivity
(Grillon, 2002). These findings index uncertainty in light of
ambiguous stimuli or contexts (Grupe & Nitschke, 2013).
Interestingly, paralleling unspecific enhancement of N1
amplitudes, our data indicate emotion-unspecific elevated
negative emotional evaluation in persons with relatively right
frontal activation. Previous research has shown that ERPs
within early time windows are sensitive to emotional
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stimulus significance (reviewed in Olofsson et al., 2008).
Thus, the current pattern of results supports and extends pre-
vious research and suggests an anxiety-like negativity bias
meditated by trait-like resting frontal cortical asymmetry
associated with negative emotional self-report and enhanced
early attention allocation (for a comparable line of argu-
ments, see Grimshaw et al., 2014).

4.2 | Late motivated attention and resting
frontal asymmetry

We found that higher scores of right frontal cortical activa-
tion are associated with lower DLPP for negative and posi-
tive emotional stimuli. The LPP represents flexible and
dynamic allocation of attention to emotional content within
the visual cortex (Liu, Huang, McGinnis-Deweese, Keil, &
Ding, 2012; Sabatinelli, Keil, Frank, & Lang, 2013; Sabati-
nelli, Lang, Keil, & Bradley, 2007). The current results thus
suggest a diminished differential attentional processing of
emotional in comparison to neutral stimuli in persons with
relatively enhanced right frontal activation. Interestingly, pre-
vious research demonstrated that diminished DLPP scores
are associated with anxiety (Frenkel & Bar-Haim, 2011;
Holmes, Nielsen, & Green, 2008; M€uhlberger et al., 2009;
Weinberg & Hajcak, 2011) and depression (Kayser, Bruder,
Tenke, Stewart, & Quitkin, 2000; MacNamara, Kotov, &
Hajcak, 2016).

Basically, this pattern of results suggests that in persons
with larger right frontal activation emotional and neutral
stimuli are perceived as more similar in terms of their moti-
vational significance. This subsequently leads to more uni-
form attentional processing and infelicitous differentiation
between important and unimportant stimuli. Most previous
studies have linked diminished DLPP (as observed fre-
quently in anxious participants) to cognitive avoidance of
threat-related or even positive emotional material. In con-
trast, our data indicate that in persons with larger right frontal
asymmetry this diminished emotion discrimination stems
from enhanced processing of neutral stimuli rather than
diminished processing of emotional pictures. Interestingly,
the current results parallel a variety of findings typically
shown in association with heightened anxiety. For example,
similarly diminished emotional discrimination of LPPs due
to enhanced processing of neutral stimuli has been observed
previously in persons with anxiety disorders (M€uhlberger
et al., 2009; Weinberg & Hajcak, 2011). Moreover, it has
been repeatedly demonstrated that people with anxiety disor-
ders show diminished discrimination learning in conditioning
experiments due to increased responding toward CSminus
cues (Dibbets, van den Broek, & Evers, 2015; Lissek et al.,
2009; Sachs, Anderer, Doby, Saletu, & Dantendorfer, 2003).
Finally, individuals with generalized anxiety disorder inter-

pret neutral and ambiguous stimuli or situations as more
threatening than nonanxious controls (Butler & Mathews,
1983; Hazlett-Stevens & Borkovec, 2004; Mathews, Rich-
ards, & Eysenck, 1989). Taken together, the current data
suggest a functional association between frontal brain asym-
metry and a deficient, anxiety-like pattern of emotion
discrimination. Numerous studies have shown a close rela-
tionship between frontal asymmetry and depression as well
as anxiety, and frontal asymmetry has been labeled a risk
factor for these disorders (review in Coan & Allen, 2004a).
Interestingly, the current data show that the association
between asymmetry and attention processing is independent
of current strength of trait anxiety and depressive symptoms.
This likely indicates that the association between frontal
asymmetry and diminished emotion discrimination might not
develop as a secondary cause of the development of anxiety
or depressive symptoms. Rather, it further underscores the
importance of asymmetry as a biological vulnerability
marker for anxietylike attention processing.

In contrast to previous studies linking the modulation of
the LPP to centroparietal electrode sites, previous studies
(see review in Olofsson et al., 2008), we observed LPP mod-
ulation also at anterior electrode sites. This observation is in
accord with previous research showing that passively viewed
target pictures also elicit prominent positive slow waves in
anterior regions, especially when the task was to later do
evaluative judgments of the pictures, as was the case in our
study (e.g., Cunningham et al., 2005; Diedrich et al., 1997).

4.3 | Frontal brain asymmetry—Functional
significance within cortical attention networks?

The current data show an association of frontal asymmetry
with deviant processing within motivationally significant
attention networks, more specifically with attentional
enhancement. While this cognitive enhancement was stimu-
lus unspecific for early ERP components (see N1 results), it
was specific for neutral stimuli at later time intervals (see
LPP results). The enhanced attentional processing was paral-
leled by generally elevated negative stimulus evaluation.
Interestingly, a distributed network controlling visual atten-
tion has been proposed, including the dorsolateral prefrontal
cortex (dlPFC) controlling the selective sensory bias in work-
ing memory to maintain spatial attention focus (Corbetta &
Shulman, 2002). Recent source localization studies (Koslov,
Mendes, Pajtas, & Pizzagalli, 2011; Pizzagalli, Sherwood,
Henriques, & Davidson, 2005) have shown that the dlPFC is
also the neural generator for frontal brain asymmetry (David-
son, 2004). Thus, the current results might indicate that
enhanced right frontal cortical activation promotes a general-
ized negativity bias (see also Grimshaw & Carmel, 2014)
associated with negative emotional experience and enhanced
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early spatial attention allocation as measured with the N1
component (Hillyard & Anllo-Vento, 1998). This frontal
enhancement of early spatial attention deployment extends to
later motivated attention for neutral pictures. Source localiza-
tion studies have mapped the modulation of LPP amplitude
to modulations within visual cortical areas. This modulation
is accomplished via a distributed network including subcorti-
cal emotion-generating areas, as well as higher order prefron-
tal control structures including medial PFC and dlPFC
(Kang, Liu, Miskovic, Keil, & Ding, 2016), Interestingly,
this network also guides attention under conditions of uncer-
tainty or “low threat” (Pessoa, 2009). The current data might
thus suggest that frontal brain asymmetry, representing alter-
ations in action of the dlPFC, acts to enhance perception and
attention in light of ambiguous or low-threat stimuli, render-
ing frontal asymmetry a potential biological marker of devi-
ant attention deployment.

4.4 | Sympathetic arousal, startle reflex, and
frontal asymmetry

The current data indicate that covariance of traitlike resting
frontal asymmetry with physiological responding was gener-
ally weak. There were no associations between frontal asym-
metry and arousal-related sympathetic activity or the affect-
modulated startle reflex.4 In terms of the biphasic model of
emotion, heightened SCRs, as well as the affect modulation
of the startle reflex, are thought to represent action disposi-
tions preparing the organism for action in light of emotion-
ally significant stimuli (Bradley et al., 2001; Lang, 2014;
Lang & Bradley, 2013). Moreover, several lines of evidence
suggest that the amplitude of the affect-modulated startle
reflex is a direct readout of the stimulus’ motivational signifi-
cance (e.g., Bradley et al., 2005; Grillon, 2002). Thus, the
lack of a relationship between startle modulation and frontal
asymmetry might suggest that affect-modulated startle and
frontal asymmetry are not both measuring the same kind of
motivational mechanism.5 In sum, the current data suggest
that the modulating impact of frontal brain asymmetry might
be limited at this point of emotion processing. Concerning

startle, previous studies have shown that frontal brain asym-
metry was related to startle responding following picture off-
set rather than during picture presentations (Goodman et al.,
2013; Jackson et al., 2000). This result was interpreted as an
index of automatic emotion regulation. Emotion regulation,
including automatic emotion regulation, has been shown to
recruit prefrontal brain areas including dorsolateral PFC
(Ochsner & Gross, 2007), the putative neuronal generator of
frontal asymmetry (Koslov et al., 2011; Pizzagalli et al.,
2005). Contrary to this, in the present study, we presented
startle probes during picture presentation, assessing stimulus-
related withdrawal motivation rather than emotion regulation.
Thus, the current findings are most likely based on the fact
that potentiation of the startle response (Davis, 1992), and
also the modulation of the skin conductance response
(Critchley, 2002), basically rely on activity of subcortical
emotion generation areas centered in the amygdala, rather
than prefrontal cortical areas.

We also found no emotional modulation of N1 ampli-
tude. Within the literature, findings for early ERP compo-
nents revealed mixed results. While several studies found
modulation of early ERP components (i.e., N1/P1) due to
emotional valence, others did not (Olofsson et al., 2008).
Within the current study, we found emotion to modulate
ERP responses from around 200 ms after picture onset, a
common finding among the ERP literature on emotion proc-
essing (Olofsson et al., 2008).

4.5 | State frontal asymmetry versus resting
frontal asymmetry

Following the capability model of hemispheric activation,
we also assessed state frontal asymmetry during picture
viewing for each emotion category and related it to emo-
tional responses toward the same picture categories. Parallel-
ing our results for resting frontal asymmetry, we found state
asymmetry to be associated with subjective ratings and moti-
vated attention (i.e., the LPP).

Larger right frontal asymmetry to negative and neutral
stimuli was associated with more negative and more arousing
emotional evaluation of these picture categories, respectively
(i.e., valence and arousal ratings). This finding is in line with
the capability model (see Coan et al., 2006). It extends previ-
ous research on LPP modulation (Gable & Harmon-Jones,
2008; Gable & Poole, 2014; Poole & Gable, 2014) and
shows that subjective ratings of both valence and arousal can
also be influenced by state asymmetrical frontal brain activa-
tion. This association between emotion-specific enhanced
negative evaluations with larger state right frontal asymmetry
is in line with the specific predictions of the approach with-
drawal model (i.e., larger withdrawal motivation toward neg-
ative stimuli). In contrast, the association of enhanced

4We additionally fitted Bayes general linear models for the startle and
the SCR data using default priors as suggested for ANOVA models by
Rouder, Morey, Speckman, and Province (2012) using R (version 3.1.0)
and the BayesFactor package (version 0.9.2). For the startle data, the
main effect asymmetry revealed a Bayes factor of BF015 0.2, while the
interaction Asymmetry 3 Emotion revealed a Bayes factor of
BF015 0.08. For the SCR data, the main effect asymmetry revealed a
Bayes factor of BF015 0.23, while the interaction Asymmetry 3 Emo-
tion revealed a Bayes factor of BF015 0.07. According to Jeffreys
(1961), these values give strong to moderate support in favor of the null
hypothesis rather than in favor of the alternative hypothesis.
5We would like to thank an anonymous reviewer for this valuable
comment.
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negative emotion evaluation with resting right frontal activa-
tion was emotion unspecific. This finding is at odds with the
specific predictions of the approach withdrawal model.
Rather, these findings argue toward a broader conceptualiza-
tion of resting frontal asymmetry. For example, Coan and
coworkers (2006) have argued that the approach-withdrawal
model aims to assess general individual dispositions. That is,
persons react with either enhanced withdrawal or approach
motivation regardless of the specific situation (Coan, et al.,
2006, p. 198). Coan et al. further stated that the dispositional
model would thus predict that persons with larger right fron-
tal asymmetry would react with more withdrawal to threaten-
ing but also to other emotional situations, even to positive
ones (Coan et al, 2006, p. 199). These data are also paral-
leled by an undifferentiated N1 enhancement. As outlined
above, these measures suggest an undifferentiated negativity
bias in perception of ambiguous stimuli. Thus, in conclusion,
the current rating data are in line with this broader conceptu-
alization of frontal asymmetry. In addition to the findings for
emotion ratings, we found state asymmetry toward neutral
pictures to be associated with enhanced LPP to neutral pic-
tures, as well as with diminished DLPP emotion-
discrimination scores for positive and neutral pictures.
Again, these data largely parallel those for resting frontal
asymmetry and provide further evidence for a link between
enhanced motivated attention and enhanced right frontal acti-
vation toward neutral stimuli.

However, in sum, the current LPP findings are at odds
with the assumptions from the approach-withdrawal model,
which would predict enhanced right frontal activation to be
associated with enhanced LPPs toward negative stimuli.
Rather, these data are consistent with the conceptualization
of enhanced right frontal cortical activation as a risk marker
for emotion-related disorders. That is, in the literature, the
observed enhanced attentional deployment to neutral stimu-
lus material has been associated with heightened anxiety (see
above). It indicates enhanced personal relevance of otherwise
neutral materials for persons with elevated right frontal acti-
vation. Interestingly, it has been previously shown that fron-
tal alpha asymmetry is sensitive to modulations in personal
relevance (Harmon Jones et al., 2006). Thus, the current data
may support these findings and underscores the sensitivity of
frontal asymmetry toward individual differences in personal
relevance detection.

4.6 | Limitations

For the purpose of the current study, we used a linked mas-
toid reference. This was chosen in favor of other classical
reference schemes (i.e., average reference, vertex reference)
because (a) it is favorable for the measurement of anterior
alpha activity above the other classical schemes (Hagemann,

2004), and (b) it has been widely used in research on frontal
asymmetry (Hagemann, 2004). It thus ensures comparability
of results with previous literature. However, it was argued
that a current source density measure (CSD) might be prom-
ising in order to avoid several reference issues such as mir-
roring of dipoles and others (Hagemann, 2004; Velo,
Stewart, Hasler, Towers, & Allen, 2012). Moreover, some
research suggests that the CSD transform might be more sen-
sitive to the relationship between resting traitlike frontal
asymmetry with depression or anxiety (Stewart, Bismark,
Towers, Coan, & Allen, 2010). Thus, although previous
research on resting frontal asymmetry in a nonclinical sample
showed comparable results for the CSD derivation and the
linked mastoids reference (see Adolph & Margraf, 2017), an
influence of the current reference scheme on our results can-
not be entirely ruled out.

Another limitation might stem from the fact that resting
frontal asymmetry was assessed at one occasion only. It has
been suggested that frontal asymmetry assessed at rest con-
tains trait and state influences (Hagemann, Naumann,
Thayer, & Bartussek, 2002) and that these influences are
best controlled by assessing frontal asymmetry at different
occasions (Hagemann, 2004). Thus, although we controlled
for current mood in the present analyses (a method applied
successfully before; Adolph & Margraf, 2017), it cannot be
entirely ruled out that some state influences remained in our
frontal asymmetry estimates.

Finally, arousal ratings for positive pictures were signifi-
cantly smaller than those for negative pictures. It is widely
accepted, that the level of arousal induced by a stimulus
determines the intensity of motivational engagement in
response to that stimulus. However, the significant attenua-
tion of the startle response and the equally enhanced skin
conductance responses indicate that the positive pictures
robustly elicited approach motivation and physiological
arousal. Nonetheless, on the basis of current arousal ratings,
it cannot be ruled out that the motivational significance of
our positive stimuli might have been smaller than those of
our negative stimuli.

4.7 | Conclusion

The present study shows that enhanced right frontal cortical
activation is associated with an undifferentiated negativity
bias, consisting of enhanced early attentional and more nega-
tive evaluation of all stimuli in persons with enhanced right
frontal cortical activation. This early enhanced spatial atten-
tion effect is later followed by diminished differential emo-
tion processing due to sustained attentional enhancement of
nonthreatening neutral stimuli. Taken together, we found a
pattern of results previously associated with heightened anxi-
ety. At the same time, the current data do not support a link
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between enhanced withdrawal motivation for negative,
withdrawal-related stimuli, although previous findings of
selectively enhanced negative stimulus evaluation could be
replicated. Taken together, the current study provides new
insights into the relationship between frontal brain asymme-
try and the processing of emotion-related stimuli. Although
the correlative design of the study does not allow causal
statements, our results pose important starting points for
future experimental studies.
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