
1 23

Experimental Brain Research
 
ISSN 0014-4819
 
Exp Brain Res
DOI 10.1007/s00221-014-3902-4

Affective motivational direction drives
asymmetric frontal hemisphere activation

Bryan D. Poole & Philip A. Gable



1 23

Your article is protected by copyright and

all rights are held exclusively by Springer-

Verlag Berlin Heidelberg. This e-offprint is

for personal use only and shall not be self-

archived in electronic repositories. If you wish

to self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



1 3

Exp Brain Res
DOI 10.1007/s00221-014-3902-4

REsEaRch aRtIclE

Affective motivational direction drives asymmetric frontal 
hemisphere activation

Bryan D. Poole · Philip A. Gable 

Received: 25 July 2013 / accepted: 3 March 2014 
© springer-Verlag Berlin heidelberg 2014

The valence model of hemispheric activity

Decades of past research have shown that the human 
brain is asymmetrically involved in affective and motiva-
tional processing (for a review, see harmon-Jones et al. 
2010). Much of this past work has demonstrated that 
greater left hemisphere activity is associated with posi-
tive affect, whereas greater right hemisphere activity is 
associated with negative affect. this early work suggests 
that motivational direction is synonymous with affective 
valence: approach with positive affect and withdrawal 
with negative affect (Balconi et al. 2012; Watson et al. 
1999).1

Early support for this view emerged from studies in 
which hemispheric activity in the frontal cortex was shown 
to be asymmetrically related to affective processing. 
Greater right hemisphere activation was related to with-
drawal-motivated states and traits (e.g., depression), 
whereas greater left hemisphere activation was related to 
approach-motivated states and traits (e.g., euphoria; terzian 
and cecotto 1959). Other research has measured asymmet-
ric activation using electroencephalography (EEG) to 
record alpha frequency band power, which is inversely 
related to regional brain activity (cook et al. 1998; 

1 We conceptualize motivation as the impetus an organism expe-
riences to go toward versus the motivation to freeze or move away. 
approach motivation has been associated with the behavioral 
approach system (Bas; Gray 1970, 1987; Gray and McNaughton 
2000), behavioral activation system (also Bas; Fowles 1987), or a 
behavioral facilitation system (Depue and collins 1999). Withdrawal 
motivation has been associated with the behavioral inhibition system 
(BIs; Gray 1970, 1987). this system is thought to modulate reactions 
to aversive stimuli and generate negative affective states such as fear 
and anxiety. the distinct motivational responses to approach or avoid 
are inherent in affective responses.

Abstract  Decades of research have shown that the 
left- and right-frontal cortical regions are asymmetrically 
involved in affective processing. specifically, this past 
work has demonstrated that greater left-frontal activation 
is related to positive-approach, and greater right-frontal 
activation is related to negative-withdrawal. however, 
much of this past work confounded motivation and affec-
tive valence. the current experiment sought to illuminate 
whether frontal asymmetry is related to motivation or affec-
tive valence by examining frontal-lateralized late positive 
potentials (f-lPPs) and frontal cortical alpha power acti-
vation to approach-positive, approach-negative, and with-
drawal-negative affects in the same participants. Results 
revealed that f-lPPs to approach-positive and approach-
negative pictures were larger in left- (vs. right-) frontal 
regions, whereas f-lPPs to withdrawal-negative pictures 
did not differ between frontal regions. In addition, midline 
lPPs to approach-positive and approach-negative pictures 
related to greater left-frontal cortical activation. together, 
these results suggest that greater relative left-frontal acti-
vation is associated with positive and negative approach-
motivated states in the same participants. More broadly, 
these results are consistent with conceptual models that 
asymmetric hemisphere activation is related to motivational 
direction, rather than affective valence.
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Davidson et al. 1990a).2 this research demonstrated that 
relative left-frontal activation is associated with approach-
positive affects (ahern and schwartz 1985; tomarken et al. 
1992), whereas relative right-frontal activation is associated 
with withdrawal-negative affects (Buss et al. 2003; David-
son et al. 1990b; silva et al. 2002; tomarken et al. 1990; 
Wheeler et al. 1993).

Support for the motivational model of hemispheric 
activity

although there is much research supporting the valence 
model of hemispheric activation, recent research suggests 
that past work may have confounded affective valence 
with motivational direction. that is, previous research only 
examined the influence of approach-positive and with-
drawal-negative affects. however, recent research suggests 
that motivation, rather than valence, influences asymmetric 
cortical activity. specifically, greater left- than right-frontal 
activation is related to approach motivation (schutter et al. 
2008), regardless of affective valence.

anger is a negative affect associated with approach 
motivation (for a review, see carver and harmon-Jones 
2009). anger occurs from the disruption of approach-moti-
vated states and is associated with approach behaviors such 
as self-assurance, strength, and bravery (Izard 1991; lerner 
and Keltner 2001). In relation to fontal asymmetry, greater 
trait and state anger relate to increased left-frontal activa-
tion and decreased right-frontal activation (harmon-Jones 
2004, 2007; harmon-Jones et al. 2008; harmon-Jones and 
sigelman 2001; harmon-Jones et al. 2004). If anger is an 
approach-motivated affective state, then it should evoke 
similar neurophysiological activity as approach-motivated 
positive states. In contrast, neurophysiological activity dur-
ing anger states should be distinguished from withdrawal-
motivated negative states.

Using EEG-derived event-related potentials, early neural 
measures of approach motivation have also supported the 
motivational direction model of frontal asymmetry. the lPP 
is a relatively rapid index of motivated attentional process-
ing (for reviews, see Ferrari et al. 2008; hajcak et al. 2012; 
Olofsson et al. 2008) and is larger to motivationally relevant 
(vs. neutral) pictures (Bradley 2009; Gable and harmon-
Jones 2010, 2013a; Gable and Poole 2012a; lang 1995).

2 some past research has investigated hemispheric asymmetry using 
beta frequency band power (swann et al. 2009). the majority of this 
work has been focused on posterior asymmetry, but some has also 
examined frontal asymmetry (hofman and schutter 2012; Keune 
et al. 2012). We focused on the alpha band because the majority of 
studies examining frontal asymmetry have used the alpha band and 
frontal alpha asymmetry is supported by a variety of methods (e.g., 
lesion studies, tMs, fMRI).

Past studies have suggested that the lPP at midline cen-
troparietal sites may have different neural substrates from 
that of the asymmetrical frontal lPP. the centroparietal 
lPP has been linked to activation in the visual cortex and 
amygdala (sabatinelli et al. 2007, 2013). In contrast, the 
frontal lPP may stem from prefrontal activation (Moratti 
et al. 2011). Positive socially relevant concepts (e.g., love) 
evoke larger left-frontal lPPs, whereas negative socially 
relevant concepts (e.g., terrorism) evoke larger right-fron-
tal lPPs (cunningham et al. 2005). In addition, approach-
motivated positive (vs. neutral) pictures evoke greater left- 
than right-frontal lPP amplitudes, and approach-motivated 
negative (anger) pictures evoke greater left-frontal lPP 
amplitudes than neutral pictures (Gable and harmon-Jones 
2010).

In sum, both frontal asymmetry and the lPP assess 
aspects of motivational processing. Indeed, recent research 
has related EEG frontal asymmetry and lPP amplitudes 
(Gable and Poole 2012a). Midline lPP amplitudes to 
anger pictures predicted greater left-frontal activation 
toward anger pictures, but not neutral pictures. this find-
ing suggests that the lPP to approach-motivated stimuli is 
related to state neurophysiological measures of approach 
motivation.

The current experiment

Previous findings are limited by the fact that past empiri-
cal work has not examined neurophysiological similarities 
and differences between approach-positive, approach-neg-
ative, and withdrawal-negative states within the same par-
ticipants, using multiple neurophysiological measures. In 
order to provide further support of the motivational direc-
tion model, affects similar in motivational direction should 
evoke similar patterns of frontal asymmetry regardless of 
affective valence. In contrast, affects dissimilar in motiva-
tional direction should evoke different patterns of frontal 
asymmetry even if affects are the same valence. therefore, 
we designed the current experiment to address this gap in 
past research on affect and frontal asymmetry by testing 
whether approach-positive (e.g., desire), approach-negative 
(e.g., anger), and withdrawal-negative (e.g., disgust) affects 
enhance asymmetric cortical activity as measured by the 
lPP and alpha frequency band power.

Based on the pervading perspective that frontal activa-
tion is associated with emotional valence, arousal was syn-
onymous with the intensity of affective valence: all high 
arousing/high intensity positive emotions should evoke 
greater left-frontal activation, whereas all high arousing/
high intensity negative emotions should evoke greater 
right-frontal activation. In contrast, the current experiment 
was designed to help tease apart the dimensions of arousal 
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and valence intensity in emotional states. this idea was 
predicated on past work suggesting that emotional arousal 
may serve as an index of motivational intensity (Bradley 
and lang 2007). If arousal is more closely associated with 
motivational intensity than valence intensity, then observa-
tions of frontal activation associated with emotional arousal 
should be linked with motivational direction. specifically, 
high arousing emotion states associated with approach (vs. 
withdrawal) motivation should evoke greater left (vs. right) 
frontal activation regardless of the intensity of emotional 
valence.

We also sought to expand past research linking the lPP 
and frontal alpha power asymmetry by testing whether 
lPPs to approach-motivated (vs. withdrawal-motivated) 
pictures would relate to greater frontal asymmetry. Despite 
much research demonstrating asymmetric frontal corti-
cal activation in response to manipulations of emotion, 
some past research has failed to find the predicted frontal 
asymmetry results in all participants using picture stimuli 
(Elgavish et al. 2003; hagemann et al. 1998; see reviews 
by Murphy et al. 2003; Pizzagalli et al. 2003). this incon-
sistency may have been caused by affective pictures not 
evoking sufficient emotional intensity to engage asymmet-
ric frontal cortical activations for all individuals. Because 
motivation to pictures may be based on individuals’ moti-
vational responses to pictures, we investigated whether the 
lPP would predict greater frontal asymmetry.

We generated several hypotheses for the current experi-
ment. First, we predicted that affective pictures would 
evoke larger lPP amplitudes than neutral pictures. sec-
ond, we predicted that approach-motivated affects would 
evoke larger lPPs in the left- (vs. right-frontal) hemi-
sphere. Finally, because the lPP and frontal asymmetry are 
related to motivational processes (Gable and Poole 2012a), 
we predicted that midline lPPs to approach-positive and 
approach-negative pictures, but not withdrawal-nega-
tive pictures, should relate to greater left-frontal cortical 
activity.

Method

Forty-eight (36 female) right-handed introductory psychol-
ogy students (mean age = 19) provided informed consent 
and participated in exchange for partial course credit. sam-
ple size was determined based on past studies investigating 
the relationship between approach motivation and modulation 
of ERPs and frontal asymmetry to pictures (e.g., Bartholow 
et al. 2003; Gable and harmon-Jones 2013b; MacNamara and 
hajcak 2009). all methods and procedures were reviewed 
and approved by an internal review board. handedness was 
assessed based on participant self-report of hand dominance 
and behavioral inspection (e.g., writing and button presses).

Procedure

Participants viewed 192 photographs taken from the Inter-
net and the International affective Picture system (IaPs; 
lang et al. 2005). half of the pictures were affective and 
half were neutral.3 approach-positive pictures consisted of 
appetitive images (e.g., delicious desserts), which have 
been used in previous research to evoke approach-moti-
vated positive affect (Gable and harmon-Jones 2008a, b, 
2010, 2011; harmon-Jones and Gable 2009). approach-
negative pictures consisted of a series of anti-american 
pictures (e.g., flag-burning) to evoke anger in our partici-
pants. Previous studies using similar pictures have demon-
strated that such stimuli reliably evoke approach-motivate 
anger (Gable and Poole 2012a; harmon-Jones et al. 
2011b). Withdrawal-negative pictures were scenes of aver-
sive objects (e.g., mutilated bodies) and have reliably 
evoked withdrawal-motivated negative affect (Gable and 
harmon-Jones 2010; Gable and Poole 2012b).

Each affective picture was matched with a neutral pic-
ture, such that objects (e.g., buildings) were matched by 
shape and size, and scenes were matched for people pres-
ence, face presence, and direct gaze. Because brightness 
has been shown to influence affective ratings (lakens et al. 
2013), affective and neutral pictures were matched on per-
ceived brightness. Brightness did not differ between picture 
types, F(3, 18) = 1.07, p = .39. all pictures were displayed 
in 1,024 × 768. all pictures were presented in the center of 
a 20-inch computer monitor and superimposed over a black 
background. Each trial consisted of a fixation cross (500 ms) 
followed by an affective or neutral picture (6,000 ms). Inter-
trial interval was 3 s. Pictures were presented in a semi-
blocked fashion to avoid mixing affective states (Gable and 
harmon-Jones 2009). Each block consisted of 64 pictures: 
32 pictures of one affective picture type and 32 matching 
neutral pictures. Picture type was mixed within blocks, 
and block order was counterbalanced between partici-
pants. Because matched neutral pictures were similar across 
blocks, neutral pictures were combined into one index.

3 IaPs picture numbers: neutral pictures (2038, 2102, 2190, 2191, 
2200, 2210, 2214, 2215, 2381, 2385, 2396, 2397, 2440, 2441, 2493, 
2495, 2499, 2514, 2516, 2595, 2850, 2870, 2880, 2890, 5471, 5510, 
5531, 5533, 5535, 5740, 6150, 7000, 7002, 7004, 7006, 7010, 7020, 
7034, 7035, 7038, 7041, 7043, 7052, 7053, 7056, 7058, 7059, 7080, 
7090, 7100, 7160, 7161, 7170, 7175, 7179, 7182, 7185, 7187, 7211, 
7217, 7233, 7235, 7242, 7247, 7248, 7249, 7500, 7547, 7550, 7640, 
7830, 7950, 9070); withdrawal-negative pictures (1270, 1274, 1275, 
1280, 1617, 3017, 3061, 3160, 3210, 3215, 7359, 7360, 7361, 7380, 
9008, 9042, 9110, 9180, 9182, 9301, 9320, 9341, 9373, 9390, 9432, 
9440, 9480, 9490, 9582, 9592, 9594, 9830); and approach-positive 
pictures (1441, 1463, 1710, 1750, 1920, 2040, 2070, 2071, 2080, 
2091, 2150, 2165, 2340, 2345, 2550, 4608, 4650, 4652, 4660, 4676, 
4680, 4687, 4689, 4694, 4695, 7283, 7330, 7340, 7390, 7402, 7410, 
7430).
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Following picture viewing, participants reported affec-
tive reactions to the pictures, indicating how positive (vs. 
negative) and arousing (vs. calming) each picture was 
(1 = positive/excited; 9 = negative/calm) by pressing the 
corresponding numbers on a computer keyboard. arousal 
ratings were reverse coded so that high ratings indicate 
high arousal.

EEG assessment and processing

Electroencephalography, recorded with 32 tin electrodes 
mounted in a stretch lycra cap (Electro-caps, Eaton, Oh), 
was referenced to the left earlobe. a ground electrode was 
mounted midway between FPZ and FZ. Electrode imped-
ances were under 5,000 Ω, and homologous sites were 
within 1,000 Ω of each other. signals were amplified with 
Neuroscan synamps Rt amplifier unit (El Paso, tX), low-
pass filtered at 200 hz, high-pass filtered at .05 hz, notch 
filtered at 60-hz, and digitized at 1,000 hz. artifacts (e.g., 
aberrant signals due to muscle movement or large non-
blink eye movements) were removed by hand. then, a 
regression-based eye movement correction was applied to 
remove blinks (semlitsch et al. 1986), after which the data 
were again visually inspected to ensure proper correction. 
Because of equipment malfunction, data from site cPZ on 
one participant were not included in analyses.

ERP assessment

Data were epoched 100 ms before picture onset until 
1,200 ms after picture onset and re-referenced using an 
average ears reference. Data were filtered with a low pass 
of 35 hz. aggregated waveforms for each picture type were 
created and baseline corrected using the pre-stimulus inter-
val. lPP amplitude was measured as the mean EEG activ-
ity within a window of 400–1,000 ms (hajcak et al. 2007). 
lPP amplitudes to affective pictures were aggregated 
across picture type within each block, and lPP amplitudes 
to neutral pictures were aggregated to form a single lPP 
index to neutral pictures. Because past research indicates 
that lPP amplitudes are most prominent at midline sites 
(Olofsson et al. 2008; Weinberg et al. 2012), we exam-
ined midline lPP amplitudes using an index of sites cZ, 
cPZ, and PZ (labeled cp-lPP). In addition, to test frontal 
asymmetry differences between lPP amplitudes, we made 
indexes of left lateral-frontal sites (F7, F5, and F3) and 
right lateral-frontal sites (F8, F6, and F4) for each picture 
type (labeled f-lPP).

Frontal asymmetry assessment

consistent with past studies measuring state frontal cor-
tical activation to affective pictures using alpha band 

power (see coan and allen 2004, for a review; harmon-
Jones et al. 2006; hewig et al. 2004; Jackson et al. 2003), 
power spectra epochs 1.024 s in duration were extracted 
through a hamming window (50 % taper of distal ends). 
Data were re-referenced using an average ears refer-
ence. consecutive epochs were overlapped by 50 % to 
minimize data loss due to windowing. consistent with 
previous research showing that high alpha power is most 
reflective of the inverse of cortical activity (Piazzagalli 
et al. 2005) and emotive processing (Gable et al. 2013; 
harmon-Jones 2006; harmon-Jones et al. 2011a; Kli-
mesch et al. 1997; Peterson et al. 2008), power values 
within the alpha band (8–13 hz) were obtained using 
a fast Fourier transformation and aggregated across 
picture type for all 6 s of picture viewing. asymmetry 
indexes (log right minus log left) were computed for 
homologous sites (F8/F7, F6/F5). Because alpha power 
is inversely related to cortical activity (lindsley and 
Wicke 1974), higher scores indicate greater left hemi-
sphere activity.

Results

affective ratings

Because pictures were presented in a blocked fashion, 
comparisons were made between neutral pictures and their 
matched affective pictures from within each block. arousal 
was greater to all affective picture types than neutral pic-
tures (see table 1). approach-positive pictures were more 
pleasant than neutral pictures [t(46) = 13.73, p < .0001, 
d = 2.19]. approach-negative pictures [t(46) = 24.24, 
p < .0001, d = 3.29] and withdrawal-negative pictures 
[t(46) = 16.07, p < .0001, d = 1.83] were more unpleasant 
than neutral pictures.

approach-positive and approach-negative pictures 
were similarly arousing [t(46) = .74, p = .46], but 
approach-positive pictures [t(46) = 9.23, p < .0001, 
d = .30] and approach-negative pictures [t(46) = 2.05, 

Table 1  Valence and arousal means (sDs) by picture type

comparisons of valence and arousal were made between columns. 
significant differences between picture types are indicated by differ-
ent subscripts (p < .05). higher scores indicate more negativity and 
arousal

Rating Picture type

approach-
negative

Withdrawal-
negative

approach-
positive

Neutral

Valence 8.34 (.98)a 7.06 (1.24)b 2.76 (.87)c 4.92 (1.09)d

arousal 4.57 (2.29)a 3.74 (1.78)b 4.29 (1.77)a 2.65 (1.37)c
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p = .05, d = .40] were more arousing than withdrawal-
negative pictures. approach-positive pictures were 
more pleasant than withdrawal-negative [t(46) = 22.08, 
p < .0001, d = 4.03] and approach-negative pictures, 
t(46) = 32.99, p < .0001, d = 6.04. approach-negative 
pictures were more unpleasant than withdrawal-negative 
pictures, [t(46) = 11.94, p < .0001, d = 1.14]. consist-
ent with prominent models of emotion, which propose 
that emotional arousal is an index of motivational inten-
sity (Bradley and lang 2007), these results suggest that 
affective pictures were high in motivational intensity. In 
addition, affective pictures effectively evoked the desired 
positive or negative state.

Midline lPP amplitudes

a 4 (picture type: approach-positive, withdrawal-negative, 
approach-negative, neutral) × 1 repeated-measures analy-
sis of variance (aNOVa) revealed a significant effect of 
picture type, F(3, 141) = 30.05, p < .001, ηp

2 = .39 (see 
Fig. 1). Follow-up tests using Fisher’s lsD revealed 
approach-positive pictures evoked larger cp-lPPs than 
approach-negative (p < .001), withdrawal-negative 
(p < .001), and neutral pictures, p < .001. Withdrawal-
negative pictures evoked marginally larger cp-lPPs than 
approach-negative pictures, p = .085. Withdrawal-neg-
ative pictures also evoked larger cp-lPPs than neutral 
pictures, p < .0001. approach-negative pictures evoked 
larger cp-lPPs than neutral pictures, p < .0001. these 
results suggest that affective pictures evoked greater moti-
vated engagement than neutral pictures. cp-lPPs were 
unrelated to participants’ emotive ratings of affective pic-
tures, rs < .19, ps > .20.

Frontal lPP amplitudes

to control for individual differences in f-lPP amplitudes, 
we created difference scores between affective and neu-
tral pictures (table 2). consistent with predictions, f-lPPs 
to approach-negative pictures were larger in the left (vs. 
right) hemisphere, t(47) = 3.76, p < .001, d = .82 (Fig. 2). 
F-lPPs to approach-positive pictures were also larger 
in the left (vs. right) hemisphere, t(47) = 2.39, p = .02, 
d = .54. F-lPPs to withdrawal-negative pictures did not 
differ between the left (vs. right) hemisphere, t(47) = 1.37, 
p = .18. these results suggest that approach-motivated 
positive and negative affects enhance left-frontal (vs. 
right-frontal) f-lPP amplitudes. In contrast, withdrawal-
motivated negative affects reduced relative left-frontal (vs. 
right-frontal) f-lPP amplitudes.

In addition, we sought to test whether f-lPP asymme-
try was different between picture types. there was no dif-
ference between f-lPP asymmetry to approach-positive 
and approach-negative pictures (p = .37) or withdrawal-
negative pictures (p = .49). the difference between f-lPP 

Fig. 1  ERP waveform 
depicting lPP amplitudes to 
approach-negative, withdrawal-
negative, approach-positive, and 
neutral pictures at the midline 
index

Table 2  Difference score means (sDs) for lateral-frontal lPP  
amplitudes

significant hemisphere differences for each picture type are indicated 
by different subscripts within each column (p < .05)

hemisphere Picture type

approach- 
negative

Withdrawal-
negative

approach-
positive

left-frontal 1.73 (2.37)a 1.20 (3.00)a 3.07 (2.90)a

Right-frontal −.55 (3.17)b .23 (2.72)a 1.44 (3.18)b

Author's personal copy



 Exp Brain Res

1 3

asymmetry to approach-negative and withdrawal-negative 
pictures was also not significant, p = .14. F-lPP asymme-
try was also unrelated to participants’ emotive ratings of 
affective pictures, rs < .22, ps > .15.

We also sought to test whether cp-lPP amplitudes were 
related to f-lPP asymmetry. cp-lPP amplitudes to each 
picture type were not related to f-lPP amplitudes to any 
picture type, rs < .19, ps > .18. lPPs at central-parietal or 
left and right-frontal sites were also unrelated between pic-
ture types, rs < .25, ps > .09.

Frontal asymmetry

consistent with past research examining the influence 
of affective pictures on frontal asymmetry (Elgavish 
et al. 2003; Gable and harmon-Jones 2008b; hagemann 
et al. 1998; harmon-Jones 2007), approach-positive pic-
tures [t(47) = .04, p = .97], approach-negative pictures 
[t(47) = .06, p = .95], or withdrawal-negative pictures 
[t(47) = 1.50, p = .14] did not evoke differences in frontal 
asymmetry as compared to neutral pictures. Frontal asym-
metry was unrelated to participants’ emotive ratings of 
affective pictures, rs < .24, ps > .11.

In further analyses, we sought to examine whether indi-
viduals’ differences in frontal asymmetry were related 
between pictures similar in valence or motivational inten-
sity. Frontal asymmetry to approach-negative pictures was 
related to frontal asymmetry to approach-positive pictures 
(r = .36, p = .01) but not to withdrawal-negative pictures 
(r = .10, p = .48). Frontal asymmetry to approach-posi-
tive pictures was not related to frontal asymmetry to with-
drawal-negative pictures, r = −.02, p = .87. these results 
suggest that approach motivational reactivity, as measured 
by greater left-frontal asymmetry, is related between nega-
tive and positive approach-motivated pictures.

We then investigated whether the cp-lPP would serve as 
an individual difference index of motivational engagement 
to picture and predict greater frontal asymmetry. to test 
whether individual differences in cp-lPP amplitude related 
to frontal asymmetry, we first created a difference score by 
subtracting relative left-frontal activity to neutral pictures 
from relative left-frontal activity to affective pictures. cp-
lPP amplitudes to approach-positive pictures predicted 
greater relative left-frontal activity to the approach-positive 
pictures, r(46) = .47, p = .001. In addition, cp-lPP ampli-
tudes to approach-negative pictures predicted greater rela-
tive left-frontal activity to the approach-negative pictures, 
r(46) = .36, p = .011. cp-lPP amplitudes to withdrawal-
negative pictures were not related to frontal asymmetry to 
the withdrawal-negative pictures, r(46) = −.08, p = .61 
(see Fig. 3). these results suggest that individual differ-
ences in motivational intensity as measured by cp-lPP 
amplitudes predicted greater state approach motivation to 
approach-positive and approach-negative pictures. In con-
trast, cp-lPP amplitudes to withdrawal-negative pictures 
were unrelated to frontal asymmetry.

Furthermore, we sought to test whether f-lPP asymme-
try to each picture type would predict frontal asymmetry to 
pictures similar in valence or motivational intensity. F-lPP 
asymmetry to each picture type was not related to frontal 
alpha asymmetry to any picture type, rs < .19, ps > .20.

Discussion

In the current experiment, we tested whether approach-
positive, approach-negative, and withdrawal-negative 
affects in the same participants would enhance frontal cor-
tical asymmetry. Results revealed that f-lPPs to approach-
positive and approach-negative pictures were larger in the 

Fig. 2  ERP waveforms depicting lPP amplitudes to approach-negative, withdrawal-negative, approach-positive, and neutral pictures at the left-
frontal and right-frontal indexes
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left-frontal hemisphere than the right-frontal hemisphere. 
In addition, cp-lPPs to approach-positive and approach-
negative pictures were related to greater relative left-fron-
tal activity during picture viewing. together, these results 
refute models that continue to associate all positive affects 
with approach and all negative affects with withdrawal, and 
demonstrate that motivational direction, rather than affec-
tive valence or general arousal, is related to asymmetric 
hemisphere activation.

Results of the current experiment also support that the 
lPP is a neural measure related to motivational processing. 
Based on the current results, the lateralized frontal cortical 
lPP is a relatively rapid measure associated with motiva-
tional direction. approach-motivated positive and negative 
pictures evoked greater left than right f-lPP amplitudes. In 
addition, the cp-lPP appears to be an index of motivational 
intensity. cp-lPPs were larger to all affective stimuli as 
compared to neutral stimuli. cp-lPPs to approach-positive 
and approach-negative pictures were related to greater left-
frontal asymmetry. In contrast, cp-lPPs to withdrawal-neg-
ative pictures did not relate to greater left-frontal asymme-
try. together, these findings suggest that the lPP is related 
to state neurophysiological measures of approach motiva-
tion. however, f-lPPs in the current study did not relate 
to frontal asymmetry activation or cp-lPP within the same 
picture type. this lack of relationship may stem from previ-
ous findings that cp-lPP and f-lPP have different neural 
substrates (Moratti et al. 2011; sabatinelli et al. 2013) or 
reflect different aspects of motivational processes.

Past research has demonstrated that withdrawal-moti-
vated affects such as disgust and fear are associated with 
relatively less left-frontal activation than approach-moti-
vated affects such as anger and desire (harmon-Jones 
and allen 1997, 1998; sutton and Davidson 1997). Evi-
dence of reduced frontal asymmetry and lateralized lPPs 
to withdrawal-negative (vs. approach-positive) pictures 
suggests a reduction in approach motivation and there-
fore enhancement in withdrawal motivation. One poten-
tial reason that left and right f-lPPs were not different to 

withdrawal-negative pictures could be that withdrawal-
negative pictures were not as motivationally intense as the 
approach-motivated pictures. however, critical support for 
our hypotheses that approach motivational states evoke 
similar neurophysiological activity comes from evidence 
that approach-motivated affects related to greater left lPP 
amplitudes and left-frontal activation, whereas withdrawal-
motivated affects related to relatively less left lPP ampli-
tudes and left-frontal activation.

the current findings also help clarify the role of moti-
vation in hemispheric activation as opposed to arousal. In 
studies investigating neurophysiological processes associ-
ated with positive and negative affects high in motivational 
intensity, one potential and almost inherent confound is 
arousal, that is, stimuli used to induce high approach-pos-
itive and approach-negative affects also induce high levels 
of self-reported arousal (Gable and harmon-Jones 2008a, 
b, 2009, 2010, 2011; Gable and Poole 2012a). thus, an 
alternative hypothesis could be that arousal caused the neu-
rophysiological effects observed in response to positive or 
negative affects, rather than motivational direction. how-
ever, results of the current study demonstrate that affects 
high in arousal, but opposite in motivational direction, have 
a diverse influence on hemispheric activity. In addition, 
past research has shown that such effects are independent 
of physiological arousal (Gable and harmon-Jones 2013a). 
Gable and harmon-Jones (2013a) manipulated physiologi-
cal arousal independent of affective motivation. although 
manipulated physiological arousal enhanced heart rate, 
arousal did not influence lPP amplitudes, whereas manipu-
lations of approach-motivated positive affect did enhance 
left-frontal lPP amplitudes. together, this evidence pro-
vides support that motivational direction, rather than 
arousal, relates to hemispheric asymmetry.

Broadly, the current experiment helps disentangle the 
influence of motivational direction from affective valence 
in models examining hemispheric activation. By examin-
ing negative affects varying in motivational direction and 
approach-motivated affects varying in affective valence, 

Fig. 3  scatterplots depicting correlations between cp-lPPs and frontal asymmetry to approach-positive, approach-negative, and withdrawal-
negative pictures
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the current findings support that frontal asymmetry appears 
to be driven by motivational direction, rather than affec-
tive valence. Our results contribute to a growing body of 
research linking positive and negative approach-motivated 
affects with left hemispheric activation (for review see har-
mon-Jones et al. 2010).

Due to limitations of the current experiment, our results 
pave the way for interesting avenues of future research. 
For example, future research could examine the behavioral 
and cognitive consequences of affects varying in valence 
and motivational intensity by employing behavioral meas-
ures of cognitive scope. additionally, trait motivational 
measures could further help examine the role of individual 
differences in the motivational aspect of the cp-lPP and 
f-lPP. Future studies may also attempt to elucidate the 
possible behavioral and neurophysiological correlates of 
withdrawal-motivated positive affect states, a condition not 
examined in the current experiment. In addition to much 
work investigating hemispheric asymmetry using alpha 
power, some recent work has investigated asymmetry using 
beta band activity (hofman and schutter 2012; swann et al. 
2009). It may be likely that resting beta band activity is 
also related to motivational direction in affective states.
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