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Abstract Research suggests that midline posterior versus
frontal electroencephalographic (EEG) theta activity (PFTA)
may reflect a novel neurophysiological index of approach mo-
tivation. Elevated PFTA has been associated with approach-
related tendencies both at rest and during laboratory tasks
designed to enhance approach motivation. PFTA is sensitive
to changes in dopamine signaling within the fronto-striatal
neural circuit, which is centrally involved in approach moti-
vation, reward processing, and goal-directed behavior. To
date, however, no studies have examined PFTA during a lab-
oratory task designed to reduce approach motivation or goal-
directed behavior. Considerable animal and human research
supports the hypothesis put forth by the learned helplessness
theory that exposure to uncontrollable aversive stimuli de-
creases approach motivation by inducing a state of perceived
uncontrollability. Accordingly, the present study examined the
effect of perceived uncontrollability (i.e., learned helpless-
ness) on PFTA. EEG data were collected from 74 participants
(mean age = 19.21 years; 40 females) exposed to either
Controllable (n = 26) or Uncontrollable (n = 25) aversive
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noise bursts, or a No-Noise Condition (n = 23). In line with
prediction, individuals exposed to uncontrollable aversive
noise bursts displayed a significant decrease in PFTA,
reflecting reduced approach motivation, relative to both indi-
viduals exposed to controllable noise bursts or the No-Noise
Condition. There was no relationship between perceived un-
controllability and frontal EEG alpha asymmetry, another
commonly used neurophysiological index of approach moti-
vation. Results have implications for understanding the neu-
rophysiology of approach motivation and establishing PFTA
as a neurophysiological index of approach-related tendencies.

Keywords Posterior versus frontal theta activity - Approach
motivation - Perceived uncontrollability - Learned
helplessness - Depression

Identifying neurophysiological indices of approach motiva-
tion can inform our understanding of the mechanisms under-
lying affective or motivational tendencies and help establish
endophenotypic markers of psychiatric disorders character-
ized by abnormal approach motivation and goal-directed ac-
tivity (e.g., depression) (Gottesman & Gould, 2003). Growing
evidence suggests that midline posterior versus frontal elec-
troencephalographic (EEG) theta activity (PFTA) may reflect
a novel neurophysiological index of approach motivation.
PFTA constitutes a difference score between posterior (Pz)
and frontal (Fz) midline theta activity (i.e., Pz—Fz; 4-8 Hz).
PFTA has been shown to reflect approach motivational ten-
dencies both at rest (Wacker, Chavanon, & Stemmler, 2010)
and during laboratory tasks designed to enhance approach
motivation and goal-directed behavior (Walden,
Pornpattananangkul, Curlee, Pornpattananangkul, &
Nusslock, 2015). PFTA is sensitive to changes in dopamine
(Chavanon, Wacker, & Stemmler, 2011; Wacker, Chavanon,
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& Stemmler, 2006), the neurotransmitter most centrally in-
volved in reward processing and goal-directed behavior
(Berridge, 2007; Berridge, Robinson, & Aldridge, 2009;
Haber & Knutson, 2010; Kringelbach & Berridge, 2010;
Schultz, 2002). Despite the promise of PFTA as a neurophys-
iological indicator of approach motivation, research has yet to
examine PFTA during a laboratory task designed to reduce or
attenuate approach-related motivation. Examining this ques-
tion is critical to determining whether PFTA reflects a neuro-
physiological index of both elevated and attenuated approach
motivational tendencies. Accordingly, the present study exam-
ined the effect of perceived uncontrollability on PFTA given
considerable animal and human research indicating that expo-
sure to uncontrollable aversive stimuli (i.e., learned helpless-
ness) is associated with reduced approach motivation and de-
creased goal-directed behaviors. Analyses also examined the
effect of perceived uncontrollability on frontal EEG alpha
asymmetry, another frequently used neurophysiological index
of approach motivation.

Approach motivation and posterior versus frontal
theta activity

Although many regions in the brain facilitate goal-directed
behavior, the fronto-striatal neural circuit is at the heart of
the approach-motivational system (Berridge, 2007; Berridge
et al., 2009; Haber & Knutson, 2010; Kringelbach &
Berridge, 2010; Schultz, 2002). This circuit involves dopami-
nergic projections from midbrain nuclei (e.g., the ventral teg-
mental area) to subcortical regions that are central to process-
ing the rewarding properties of stimuli and facilitating goal-
directed behavior (e.g., the ventral striatum) to cortical target
regions. Research has also implicated the rostral anterior cin-
gulate cortex (rACC) in reward processing and approach mo-
tivation (Allman, Hakeem, Erwin, Nimchinsky, & Hof, 2001;
Baker & Holroyd, 2011; Hayden, Pearson, & Platt, 2009). The
rACC receives concentrated dopaminergic inputs (Huang
et al., 2013; Schweimer & Hauber, 2006), shows increased
activity in response to dopamine agonists (Udo de Haes,
Maguire, Jager, Paans, & Boer, 2007), and is modulated by
genes governing dopamine transmission (Blasi et al., 2005).
The rACC has also been implicated in depressive anhedonia, a
symptom characterized by a loss of interest and reduced ap-
proach motivation (Wacker, Dillon, & Pizzagalli, 2009).
There is growing evidence that PFTA indexes approach-
related motivation and that it is modulated by dopamine-
related activity in the rACC. First, Wacker and colleagues
(2010) reported that elevated PFTA at rest was associated with
elevated self-reported behavioral approach system sensitivity
(BAS), as measured by Carver and White's (1994) BAS scale,
a commonly used index of approach motivation (Chavanon
etal., 2011; Koehler et al., 2011; Wacker et al., 2010; Wacker

& Gatt, 2010). Second, theta current density in the rACC
accounts for a significant portion of the variance in PFTA
(Chavanon et al., 2011). Third, profiles of resting delta/theta
current in the rACC have been associated with both anhedonia
and blunted ventral striatal activation in response to monetary
rewards, as indexed by functional magnetic resonance imag-
ing (fMRI) (Wacker et al., 2009). Finally, pharmacological
agents that affect dopaminergic activity, such as the dopamine
antagonist sulpiride, which is designed to attenuate dopamine-
related activity, have been shown to modulate PFTA
(Chavanon, Wacker, & Stemmler, 2013). For example, where-
as unmedicated participants displayed a positive relationship
between self-reported BAS sensitivity and PFTA, individuals
who took a dopamine antagonist exhibited a negative relation-
ship between BAS sensitivity and PFTA (Wacker et al., 2006).
In addition to using pharmacological agents, studies also show
different profiles of PFTA among people with different genet-
ic polymorphisms related to dopaminergic levels, including
DRD2 (Koehler et al., 2011) and COMT (Wacker & Gatt,
2010). Furthermore, extroverts displayed increased PFTA
and introverts displayed decreased PFTA during a working
memory task, but this relationship was reversed among extro-
verts and introverts who had taken a dopamine antagonist
(Wacker et al., 2006). The linkage of PFTA to dopamine sig-
naling in the rACC gives it a critical advantage over other
neurophysiological markers of approach motivation (e.g.,
frontal EEG alpha asymmetry) that have not typically been
associated with activity in this circuit. The fronto-striatal neu-
ral circuit is the hub of reward processing in the brain
(Berridge, 2007; Berridge et al., 2009; Haber & Knutson,
2010; Kringelbach & Berridge, 2010; Schultz, 2002) and the
association of PFTA with dopaminergic activity in this circuit
(specifically the rACC) validates it as indexing critical
reward-related neural processes.

The majority of research on the relationship between PFTA
and approach motivation has relied on resting indices of PFTA
designed to assess more trait-like variability. Coan and col-
leagues’ (2006) capability model, however, suggests that ap-
proach tendencies are more pronounced and more resistant to
measurement error when elicited using emotionally salient
tasks. One recent study examined PFTA during an ecological-
ly valid autobiographical memory task designed to increase
approach motivation (Walden et al., 2015). In line with pre-
diction, PFTA was elevated during goal-striving autobio-
graphical memories as well as anxious apprehension autobio-
graphical memories characterized by approach-related tenden-
cies. To date, however, no studies have assessed PFTA during
a laboratory task designed to reduce or attenuate approach-
related motivation. For PFTA to serve as a neurophysiological
index of approach motivation, it should be sensitive to both
elevated and attenuated approach motivational tendencies.
Thus, examining PFTA during a reduced approach motiva-
tional state has important implications for establishing PFTA

@ Springer



906

Cogn Affect Behav Neurosci (2017) 17:904-916

as a neurophysiological index of the full spectrum of
approach-related tendencies.

Learned helplessness attenuates approach
motivation

Over 40 years ago, the Learned Helplessness Theory of de-
pression proposed that perceived uncontrollability over aver-
sive stimuli is associated with decreased approach motivation
and reduced goal-directed activity (Abramson et al., 2002;
Abramson, Metalsky, & Alloy, 1989; Abramson, Seligman,
& Teasdale, 1978; Alloy, Peterson, Abramson, & Seligman,
1984). In the extreme, this reduction in approach motivation is
a proximal cause of depressive symptoms characterized by
reduced approach motivation, such as anhedonia, decreased
energy, and psychomotor retardation. Perceived uncontrolla-
bility is the perception that one does not have control over the
occurrence or impact of a negative or aversive event/stimulus
(Thompson, 1981). Learned helplessness, from this perspec-
tive, is an induced state in which one comes to expect that
one’s responses and the termination of an aversive event are
independent of each other. This expectation typically results in
decreased approach motivation and behavioral disengage-
ment, as the individual no longer searches for solutions to
the perceived problem or attempts to exert control over his
or her circumstances (Abramson et al., 2002, 1978).

Consistent with the Learned Helplessness Theory, there is
considerable evidence that perceived uncontrollability over
aversive stimuli decreases approach motivation and goal-
directed behavior. Animals exposed to uncontrollable aversive
stimuli experience deficits in learning and motivation as well
as increased stress responses compared to animals exposed to
similar amounts of controllable aversive stimuli (Abramson
et al., 1978, 2002; Grahn, Watkins, & Maier, 2000). In addi-
tion to other neurotransmitters (e.g., serotonin), animal re-
search implicates dopamine in perceived uncontrollability, as
stressor controllability has been shown to modulate stress-
induced dopamine efflux in the medial prefrontal cortex
(Bland et al., 2003).

An important advantage of the Learned Helplessness
Theory is that it has a corresponding laboratory task for hu-
man research, the Learned Helplessness Paradigm (Alloy
et al., 1984; Hiroto & Seligman, 1975). This paradigm typi-
cally includes three between-subjects conditions: controllable
aversive events, uncontrollable aversive events, and a control
condition (typically non-exposure to the aversive event).
Using this paradigm, and consistent with the Learned
Helplessness Theory, researchers have reported that humans
exposed to uncontrollable events in the laboratory display
cognitive deficits and reduced approach motivation on subse-
quent tasks compared to those exposed to controllable events
(Alloy, Peterson, Abramson, & Seligman, 1984; Hiroto &

@ Springer

Seligman, 1975). For example, Hiroto and Seligman (1975)
reported that individuals exposed to uncontrollable loud noise
bursts evidenced greater cognitive-motivational deficits on a
subsequent anagram task, taking longer to solve the anagrams
and solving fewer anagrams correctly. Furthermore, perceived
uncontrollability over stressful life events has been linked to
disease and elevated depression (Ledrich & Gana, 2013;
Mineka & Hendersen, 1985; Sanjuan & Magallares, 2009).
By contrast, perceived control over a stressor has been asso-
ciated with reduced depression and disecase (Mineka &
Henderson, 1985) and elevated approach motivation and en-
hanced reward-related brain function (Salomons, Nusslock,
Detloff, Johnstone, & Davidson, 2015).

Present study

The present study examined the effect of perceived uncontrol-
lability over an aversive stimulus on PFTA. Participants com-
pleted the well-established Learned Helplessness Task (Alloy
et al., 1984; Hiroto & Seligman, 1975; Miller & Seligman,
1975) while EEG data were collected. Importantly, this study
is the first to examine EEG activity during the Learned
Helplessness Task. As noted, this task is designed to induce
a state of perceived uncontrollability over aversive stimuli.
During this task, participants were randomly assigned to either
controllable aversive noise bursts, uncontrollable aversive
noise bursts, or a no-noise control condition. Given the effect
of uncontrollable aversive stimuli on reducing approach mo-
tivation and goal-directed activity (Abramson et al., 1978;
Alloy et al., 1984; Hiroto & Seligman, 1975; Miller &
Seligman, 1975; Salomons et al., 2015), we predicted that
participants exposed to uncontrollable aversive noise bursts
would display significantly reduced PFTA compared to par-
ticipants exposed to both controllable noise bursts and no-
noise. Results in line with this prediction would have impor-
tant implications for understanding the neurophysiology of
approach motivation and establishing PFTA as a neurophysi-
ological index of approach-related tendencies.

We also examined the effect of the Learned Helplessness
Task on asymmetrical activity in the alpha frequency band (8-
13 Hz) over the frontal cortex. Frontal EEG alpha asymmetry
is a frequently used neurophysiological index of approach
motivation (see Coan & Allen, 2004 for review). Increased
relative left-frontal electroencephalographic (EEG) activity
has been associated with a propensity to approach or engage
a stimulus, whereas decreased relative left-frontal EEG activ-
ity indicates a propensity toward reduced approach-related
affect or increased withdrawal motivation (see Allen &
Reznik, 2015; Coan & Allen, 2004; Davidson, 1998;
Harmon-Jones, Gable, & Peterson, 2010; Nusslock, Walden,
& Harmon-Jones, 2015 for review). We predicted that, like
PFTA, participants exposed to uncontrollable aversive noise
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bursts would display decreased relative left-frontal EEG ac-
tivity, reflecting reduced approach motivation secondary to
perceived uncontrollability over the aversive noise stimuli.

Method
Participants

Seventy-four participants (mean age = 19.21 years; 40 fe-
males) completed the study. Participants were recruited from
the Introduction to Psychology extra credit participant pool at
the University of Wisconsin-Madison. Participants were right-
handed (<18, Chapman Handedness Scale [Chapman &
Chapman, 1987]), native English speakers, and were not tak-
ing psychotropic medication at the time of the study.
Participants provided informed consent before participation,
and the University of Wisconsin-Madison Institutional
Review Board approved the protocol.

Procedure

Participants were instructed that the experiment involved ex-
amining brain responses during an “information-processing
task.” Following consent and EEG cap application, partici-
pants completed resting baseline EEG recordings. Resting
EEG data were recorded while participants sat quietly in a
sound-attenuated room for an 8-min period consisting of a
counterbalanced sequence of minute-long eyes-open and
eyes-closed segments, as in previous research (Harmon-
Jones, 2004; Tomarken, Davidson, Wheeler, & Kinney,
1992). Resting EEG data were examined to confirm there
were no systematic differences in EEG activity between
groups at rest and to examine the effect of laboratory-
induced learned helplessness after adjusting for individual dif-
ferences in resting brain activity. Participants next completed
the Learned Helplessness Task during which EEG data were
collected to assess the effect of laboratory-induced learned
helplessness on neurophysiological activity.

Learned Helplessness Task Considerable evidence indicates
that the Learned Helplessness Task is effective in reducing
approach motivation and decreasing goal-directed behavior
in humans by generating perceived uncontrollability over
aversive stimuli (Alloy et al., 1984; Hiroto & Seligman,
1975; Miller & Seligman, 1975). Participants were randomly
assigned to one of three conditions: (1) uncontrollable aver-
sive noise bursts (N=25), (2) controllable aversive noise bursts
(N=26), and (3) a no noise control condition (N=23). All three
conditions consisted of 50 trials, with each trial lasting an
average of 26 s. Participants were given a small box with
two spring-loaded buttons on the surface. Participants in the
Uncontrollable and Controllable Conditions were exposed to

a 90-db burst of noise on each trial lasting 5 s unless termi-
nated. The noise bursts were presented to participants through
Califone headphones with a 600-ohm impedance. Participants
in both the Uncontrollable and Controllable Conditions were
told that they could use the button box to stop each noise burst,
and that it was their task to figure out the pattern of button
presses that would turn off the noise once it started. However,
only participants in the Controllable Condition were able to
turn off the noise by identifying a particular response pattern
on the button box (pressing the right button two times). All
participants in the Controllable Condition solved the response
pattern and gained control over the duration of the noise bursts
at some point during the task.

By contrast, participants in the Uncontrollable Condition
had no control over when the noise was terminated.
Importantly, the duration of each noise burst in the
Uncontrollable Condition was yoked participant-by-
participant to individuals in the Controllable Condition. As
such, a given participant in the Uncontrollable Condition re-
ceived the same duration of each noise burst as the participant
to whom they were yoked in the Controllable Condition.
Yoking in this manner ensured that individuals in both condi-
tions received the identical number, duration, and patterning
of noise bursts. Participants in both the Controllable and the
Uncontrollable Conditions received visual feedback for each
trial on a computer monitor as to whether their own response
terminated the noise (Green Square = participant’s response
terminated the noise; Red Square = participant’s response did
not terminate the noise). For participants in the Controllable
Condition, feedback was based on their actual response,
whereas participants in the Uncontrollable Condition received
a Red Square for each trial regardless of response. This design
prevented participants in the Uncontrollable Condition from
artificially perceiving control as the length of the noise pre-
sentations in the Uncontrollable Condition varied as a func-
tion of the performance of participants in the Controllable
Condition given our yoking strategy.

Each trial began with a 7 s fixation cross that appeared on
the computer monitor before the onset of the noise burst. This
7 s period was the EEG epoch of primary interest for each trial
given Davidson’s (1994) suggestion that approach motivation
is most reliably modulated by cues during the foreperiod of a
trial.

Participants in the No-Noise Condition engaged in a simple
50-trial task and were not exposed to any noise bursts. This
task involved viewing red and green-colored squares (one
square per trial). Using the button box, participants in this
condition were instructed to push the right button twice in
response to the Red Square, and the left button twice in re-
sponse to the Green Square. For each trial there was a 7 s
fixation cross that appeared on the computer monitor before
the onset of the colored square. This 7 s EEG epoch provided a
comparable period for each trial across the three conditions
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Controllable, Uncontrollable, and No-Noise. The total dura-
tion of the No-Noise Condition was equivalent to the
Controllable and Uncontrollable Conditions. The No-Noise
Condition served as a baseline assessment of EEG activity
to facilitate the comparison of EEG activity between the
Controllable and Uncontrollable Conditions.

EEG recording and reduction

Resting EEG recordings involved eight 60 s recordings
consisting of a counterbalanced sequence of eyes-open and
eyes-closed segments. EEG data for the uncontrollability task
were epoched for each trial during the seven second fixation
period preceding the onset of the noise burst for the
Uncontrollable and Controllable Conditions, or preceding
the onset of the colored square for the No-Noise Condition.
Data were collected from 16 electrodes (CZ, PZ, FP1/FP2, F3/
F4, F7/F8, C3/C4, T3/T4, T5/T6, and P3/P4), grounded at
AFZ, and attached to a stretch-lycra electrode cap (Electro-
cap, Eaton, OH, USA). The online reference was the left ear-
lobe (A1), and data were recorded from the right ear (A2),
enabling computation of an offline average ears’ reference
(impedances < 5 k€2; homologs £+ 1k2). Data were filtered
(0.1-100 Hz; 60-Hz notch filter enabled), amplified, and dig-
itized (500 Hz).

The EEG and electro-oculogram signals were visually
scored and portions of the data containing aberrant eye move-
ments, muscle movements, or other sources of artifact were
removed. When artifact occurred in one channel at a point in
time, data from all channels were removed. A vertical electro-
oculogram (VEOG) was then used in a regression-based arti-
fact correction of the EEG as implemented in NeuroScan
EDIT 4.5 (Neuroscan Inc.) based on a paper by Semlitsch
and colleagues (1986). Specifically, part of the VEOG («
‘VEOGQG) was subtracted from EEG-activity: “corrected”
EEG = “raw” EEG — « -‘VEOG (Semlitsch, Anderer,
Schuster, & Presslich, 1986). Here « is determined by a re-
gression analysis such that the covariance of VEOG and
“corrected” EEG approach zero, theoretically: o« =
cov(VEOG, “raw” EEG)/var(VEOG). Another visual inspec-
tion ensured that no aberrations remained. We only used the
regression-based artifact correction for removing clearly de-
fined eyeblinks. All non-blink horizontal and vertical eye
movement, as well as data containing aberrant muscle move-
ment, were manually removed based on visual inspection of
the data. Derived averaged-ears reference data were used for
further data reduction. Artifact-free epochs that were 1.024 s
in duration for the Learned Helplessness Task and 2.048 s in
duration for resting data were extracted through a Hamming
window, which was used to prevent spurious estimates of
spectral power. Epochs were overlapped by 75% for the
Learned Helplessness Task and 50% for the resting data to
minimize loss of data due to Hamming window extraction.
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A fast Fourier transform was used to calculate the power
spectra.

In line with previous PFTA research (Wacker et al., 2009;
Walden et al., 2015), total power in the theta band (4-8 Hz)
was extracted from data collected both at rest and during the
Learned Helplessness Task. Theta power was log-transformed
and, as in previous research (Wacker et al., 2006, 2009;
Walden et al., 2015), a midline posterior versus anterior theta
difference score was computed [In(Pz) — In (Fz)], with higher
scores reflecting relatively greater posterior theta activity. As
discussed, elevated posterior theta activity has been linked to
greater approach motivation (Wacker et al., 2006, 2010).

In line with previous frontal EEG alpha asymmetry re-
search (Allen, Coan, & Nazarian, 2004; Coan & Allen,
2004), total power in the alpha band (8—13Hz) was extracted
from data collected both at rest and during the Learned
Helplessness Task. Greater alpha power at a given scalp elec-
trode reflects less cortical activity (Allen et al., 2004). Alpha
power was log-transformed and, as in previous research
(Nusslock et al., 2011), we averaged alpha power in F3/F7
into a “left frontal region” and F4/F8 into a “right frontal
region” and computed a composite frontal asymmetry index
as follows: [In(mean of F4/F8)—In(mean of F3/F7)]. We used a
composite frontal symmetry index (a) because we did not
have separate hypotheses for mid- (F3/F4) and lateral-frontal
(F7/F8) electrodes, (b) because of the high correlation be-
tween mid- and lateral-frontal regions (rs > .97), and (c) to
minimize Type I error by reducing the number of statistical
analyses.

Data analysis

As a manipulation check, we asked participants in the
Controllable and Uncontrollable Conditions two questions
on a 5-point scale at the completion of the study. First, we
asked how much control they felt they had over the duration
of the noise bursts during the Learned Helplessness Task (5 =
“I had complete control”; 1 = “T had no control”). Second, we
asked how motivated they were to find the response pattern
that turned off the noise bursts during the Learned
Helplessness Task (5 = “Very motivated”; 1 = “Not
Motivated”). This latter question assessed whether the
Learned Helplessness Task successfully reduced approach
motivation and goal-directed behavior. T-tests compared par-
ticipants in the Uncontrollable and Controllable Conditions on
these measures of perceived controllability and approach mo-
tivation. The No-Noise Condition was not included in these
analyses because there was no expectation of perceived un-
controllability or motivational deficits among these partici-
pants during the Learned Helplessness Task.

We first examined resting levels of both PFTA and frontal
EEG alpha asymmetry to confirm that there were no differ-
ences in resting neurophysiological activity between
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participants randomly assigned to the three conditions of the
Learned Helplessness Task. We next conducted a separate 3
(Condition) x 5 (Time-Bin) mixed-design analysis of variance
(ANOVA) on PFTA and frontal EEG alpha asymmetry.
Condition, a between-subjects factor, involved participants
in the Uncontrollable, Controllable, or No-Noise groups.
Time-Bin, a within-subjects factor, involved dividing the 50
trials of the Learned Helplessness Task into five time-bins of
ten trials each (Bin 1 = trials 1-10, Bin 2 = trials 11-20, Bin 3
=trials 21-30, Bin 4 = trials 3240, Bin 5 = trials 41-50). This
Time-Bin structure allowed us to track the slope of PFTA over
time (i.e., temporal dynamics) as participants in the
Uncontrollable Condition were exposed to progressively more
uncontrollable aversive stimuli. In other words, the within-
subjects factor of Time-Bin allowed us to examine the time
course or temporal dynamics of perceived uncontrollability on
EEG activity, and approach motivation more generally. We
decided on ten trials per time bin because previous research
indicates that ten trials generate a reliable index of EEG activ-
ity (David & Friston, 2003; Harmon-Jones et al., 2008). Thus,
five time-bins of ten trials each maximized our ability to ex-
amine the temporal dynamics of perceived uncontrollability
and learned helplessness induction while still having a reliable
EEG index for each time-bin. Effect sizes are reported as the
proportion of variance accounted for (npz).

When we observed a significant main effect of either
Condition or Time-Bin, or a Condition by Time-Bin interac-
tion, we re-ran the planned analysis adjusting for resting levels
of PFTA to determine whether the effect was present above
and beyond pre-existing individual differences in EEG
activity.

Examining the independent contribution of anterior ver-
sus posterior theta activity The PFTA difference score is
limited by its inability to speak to whether the difference score
is driven primarily by PZ (posterior) theta activity, FZ
(anterior) theta activity, or both. For example, reduced PFTA
could be driven by reduced theta activity at PZ or increased
theta activity at FZ. To address this limitation, event-related
desynchronization (ERD) analyses were conducted in the case
of a significant main effect or interaction on PFTA to examine
the independent contribution of PZ versus FZ theta activity.
ERD represents a power decrease at a given frequency relative
to power at that frequency during a reference period
(Pfurtscheller, 2001). In the present study, the ratio of theta
power during the Learned Helplessness Task relative to theta
power at rest was calculated as an ERD index. This ratio was
calculated by dividing the natural log of activity during the
controllability task by resting state activity [In(theta power
during task/theta power during resting state)] as in prior re-
search (Pfurtscheller, 2001). Higher values on this index indi-
cate an increase in power, whereas lower values indicate a
decrease. ERD allows researchers to infer the potential sites

that may be driving an effect. In the present study, we wanted
to examine whether effects may be driven in changes in theta
activity at posterior (PZ) versus anterior (FZ) sites.

Examining the independent contribution of left versus
right frontal alpha activity The limitations of the PFTA dif-
ference score also apply to the frontal EEG alpha asymmetry
index, which involves a difference score of right minus left
alpha power for homologous electrodes. In the case of a sig-
nificant main effect or interaction with frontal EEG alpha
asymmetry, ERD analyses were conducted to examine the
independent effect of left versus right alpha power. The
ERD index for alpha power analyses was calculated by divid-
ing the natural log of alpha power during the controllability
task by resting state alpha power [In(alpha power during task/
alpha power during resting state)].

Results

Perceived uncontrollability and approach motivation
manipulation check

Consistent with expectation, participants in the Uncontrollable
Condition of the Learned Helplessness Task reported signifi-
cantly lower perceived control (M = 1.13, SD = 0.46) over the
duration of the noise bursts than participants in the Controllable
Condition (M = 3.71, SD = 1.31), ¢ (42) = —8.90, p = 0.001.
Also consistent with expectation, participants in the
Uncontrollable Condition reported significantly lower motiva-
tion (M =3.17, SD = 1.40) to find the response pattern to turn
off the noise bursts than participants in the Controllable
Condition (M = 4.38, SD = .81), ¢ (42) = —3.46, p = 0.01.

Effect of learned helplessness on posterior versus anterior
theta activity (PFTA)

As expected, participants in the Uncontrollable, Controllable,
and No-Noise Conditions did not differ on PFTA at rest,
F(2,71) = .47, p = 0.63, indicating that participants in these
three conditions had equivalent profiles of PFTA at the outset
of the study.

There was a main effect of Time-Bin on PFTA, F(4,71) =
2.61,p=.04, np2 = .04 (Fig. 1). Follow-up contrasts revealed
that PFTA levels during both Time-Bin 3 (M = .20, SD=.43)
and Time-Bin 4 (M = .22, SD = .37) were significantly lower
than PFTA levels during Time-Bin 1 (M = .28, SD =.33), all p
< .05, and that PFTA during Time-Bin 5 (M = .23, SD = .40)
was marginally lower than Time-Bin 1, p < .09. There was no
significant difference in PFTA levels between Time-Bins 1
and 2 (M = .27, SD = .36), nor between Time-Bins 2 through
5, all p > .20. This main effect of Time-Bin on PFTA was
maintained after controlling for resting PFTA, F(2,70) =
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PZ-FZ Theta Means Over Time Course of Controllability Task
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Fig. 1 Posterior versus frontal theta activity (PFTA) during the Learned Helplessness Task for Uncontrollable, Controllable, and No-Noise Conditions.

Error bars denote 1 standard error

4.76, p = 0.01, n,,z = 0.12. Furthermore, follow-up contrasts
revealed that after controlling for resting PFTA, Time Bin 3 (M
= .20, SE = .04) and Time Bin 4 (M = .22, SE = .03) still had
significantly lower levels of PFTA than Time Bin 1 (M = .28,
SE =.02). Time Bin 3 (M = .20, SE = .04) also had significantly
lower levels of PFTA than Time Bin 2 (M = .27, SE =.03), p <
.05 after controlling for resting PFTA. There was no significant
difference between Bin 2 and Bins 1, 4, and 5, p>.102, after
controlling for resting PFTA, and there was also no significant
difference between Bin 3 and Bins 4 and 5, p > .34. There were
no significant differences between Bin 5 and any of the other
Bins, p > .09, after controlling for resting PFTA. There was a
potential trend level difference between Bin 5 (M = .23, SE =
.04) and Bin 1, p = .09.

In line with prediction, there was also a main effect of
Condition on PFTA, F (2,71) = 3.29, p = 0.04, np2 =.09
(Fig. 1). Follow-up contrasts revealed that participants in
the Uncontrollable Condition (M = .10, SD = .35) had
significantly lower PFTA levels than participants in the
No-Noise Condition (M = .34 , SD = .41), p = .02, and
marginally lower PFTA levels than participants in the
Controllable Condition (M = .27, SD = .29 ), p = .07.
There was no difference in PFTA levels between partici-
pants in the Controllable and No-Noise Conditions, p =
.5. This main effect of Condition was maintained after
controlling for resting PFTA, F(2,70) = 4.76, p = 0.01,
npz = 0.12. Furthermore, follow-up contrasts revealed that
after controlling for resting PFTA, participants in the
Uncontrollable Condition (M = .13, SE = .04) still had
significantly lower PFTA levels than participants in the
Controllable Condition (M = .29, SE = .04), p = .014
and No-Noise Condition (M = .30, SE = .04), p = .008.
Finally, among participants in the Uncontrollable
Condition, lower PFTA levels during the Learned
Helplessness Task was associated with decreased self-
reported motivation to identify the response pattern that
turned off the noise burst, after controlling for resting
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PFTA, 0 = .43, #(20) = 2.14, p = .04. There was no
significant difference in PFTA levels in individuals in
the Controllable and No-Noise Conditions, p=.78."

Examining the independent contribution of anterior ver-
sus posterior theta activity Event-related desynchronization
(ERD) analyses were utilized to investigate the independent
contribution of PZ and FZ theta activity to the PFTA difference
score for the aforementioned results (see Fig. 2). With respect to
PZ, there was no significant main effect of Time-Bin, F(4,71) =
.68, p = .61, np2 = .01. There was, however, a non-significant
trend of Condition, F(2,71) = 2.35, p = .10, npz = .06, and a
significant Condition by Time-Bin interaction, F(8,71) = 2.20,
p =.03, 17,,2 = .03. PZ theta activity differed significantly by
Condition at Time-Bin 2, F(2,71) =3.86, p =.03, n,,z =.10, and
trended towards a significant difference at Bins 3, F(2,71) =
251, p=.09, 1, =.07 and 4, F(2,71) = 2.49, p = .09, n,” =

! To assess the specificity of the effect at the theta band, we also examined the
difference between alpha (8—12 Hz), beta (13-30 Hz), and delta (1-3 Hz) activity
at PZ and FZ. The difference score for these frequency bands was computed in
the same manner as the theta band ([In(Pz)—In(Fz)]. There was no main effect of
Condition on the PZ-FZ difference score at the alpha band, F(2,71) = .85, p = .42
or at the beta band, F(2,71) = .63, p=.54. There was, however, a non-significant
trend level effect of Condition on the PZ-FZ difference score at the delta band,
F(2,71)=2.76, p = .070, 77,,2 =.072. Collectively, these findings suggest that the
effect of the Learned Helplessness Task on the PZ-FZ difference score is most
prominent at the delta-theta bands. Particularly, in two EEG studies with relative-
ly large sample sizes, (N = 167; Wacker, Chavanon, & Stemmler, 2010) and (N =
78; Chavanon, Wacker, & Stemmler, 2011), both PZ-FZ delta and PZ-FZ theta
indices at rest significantly predicted extraversion in the same direction as report-
ed in the present study. However, PZ-FZ delta had a smaller effect size than PZ-
FZ theta in these studies, which may explain the trend in our delta-band finding.
Moreover, in addition to extraversion, both PZ-FZ theta and PZ-FZ delta indices
also have been related to a polymorphism of COMT, the enzyme catechol-O-
methyltransferase that is involved in breaking down dopamine (Wacker & Gatt,
2010). More recently, time-frequency studies also report enhanced parietal delta
activity to reward-related cues and feedback (Cavanagh, 2015; Foti, Weinberg,
Bernat, & Proudfit, 2015; Pompattananangkul & Nusslock, 2016) that may be
related to parietal delta indices found in our current study. As such, these results
suggest that further exploration of PZ-FZ activity in both the theta and delta
frequency bands is warranted.
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Fig. 2 Event-related desynchronization (ERD) analyses were utilized to
investigate the independent contribution of PZ and FZ theta activity to the
posterior versus frontal theta activity (PFTA) difference score. ERD anal-
yses at selected electrodes surrounding PZ and FZ are displayed in the

.07. Follow-up contrasts indicated that the Uncontrollable
Condition had significantly lower PZ theta values than the
No-Noise Condition across Bins 2, p < .02, 3, p < .05, and 4,
p <.04, and the Controllable Condition at Bin 2, p < .03. Trends
existed for lower PZ theta values in the Uncontrollable than
Controllable Condition at Bin 3, p <.07, and 4, p < .10, whereas
there were no differences between the Controllable and No-
Noise Conditions across Bins 2, 3, 4, and 5 (all p > .57).

With respect to FZ, there was no main effect of Condition,
F2,71)= 44, p= .65, 77172 =.01 and no Condition by Time-Bin
interaction, F(8,71) = .57, p = .80, np2 = .02. There was a
significant main effect of Time-Bin for FZ, F(4,71) = 4.08, p

figure above. Theta activity is graphed at each of the five time bins (ten
trials per bin) during the Learned Helplessness Task. Error bars denote 1
standard error

=.003, np2 = .05. Follow-up analyses indicated that FZ theta
activity was greater at Bin 1 compared to Bin 5 (p=.01).
Collectively, ERD analyses suggest that the main effect of
Condition on PFTA observed in the present study was primarily
driven by posterior (PZ) rather than frontal (FZ) theta activity.

Effect of learned helplessness on frontal EEG alpha
asymmetry

As expected, participants in the Uncontrollable, Controllable,
and No-Noise Conditions did not differ on frontal EEG alpha
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asymmetry at rest, F(2,71) = 1.6, p = .21, indicating that par-
ticipants in these three conditions had equivalent profiles of
frontal EEG alpha asymmetry at the outset of the study.
Contrary to prediction, there was no main effect of
Condition, F(2,71) = 1.31, p = .28, nP2 =.035, no main effect
of Time-Bin, F(4,71) = 1.11, p = .35, np2 = .02, and no
Condition by Time-Bin interaction, F(8,71) = 1.15, p = .33,
np2 = .031, for frontal EEG alpha asymmetry. Given these
non-significant findings with the asymmetry indices, we did
not conduct follow-up ERD analyses for frontal alpha power.

Discussion

Growing evidence indicates that midline posterior versus fron-
tal EEG theta activity (PFTA) reflects a novel neurophysio-
logical index of approach motivation (Wacker et al., 20006,
2010; Walden et al., 2015). Research has yet to examine,
however, PFTA during a laboratory task designed to reduce
or attenuate approach motivation. Accordingly, the present
study examined the effect of perceived uncontrollability on
midline posterior versus frontal EEG theta activity.
Considerable animal and human research supports the hypoth-
esis put forth by the Learned Helplessness Theory that expo-
sure to uncontrollable aversive stimuli is associated with re-
duced approach motivation and decreased goal-directed be-
haviors (Abramson et al., 2002; Alloy et al., 1984; Grahn
et al., 2000; Hiroto & Seligman, 1975; Miller & Seligman,
1975). In line with prediction, participants exposed to uncon-
trollable aversive noise bursts displayed a significant decrease
in PFTA, reflecting decreased approach motivation, relative to
both individuals exposed to controllable noise bursts and par-
ticipants in the No-Noise Condition. This study is the first to
report decreased PFTA during a laboratory task designed to
attenuate approach motivation and goal-directed behavior.
Contrary to prediction, results were specific to PFTA, as there
was no relationship between perceived uncontrollability and
frontal EEG alpha asymmetry.

Previous research has focused on resting PFTA as an index
of approach tendencies (Wacker et al., 2006, 2010). In these
studies, elevated PFTA at rest was presumed to indicate a
dispositional tendency toward approach-related behavior
without regard for situational demands. Dispositional models
of personality contend that general tendencies hold across a
variety of situations (Costa Jr. & McCrae, 2009). However,
situational models propose that an individual’s behavior will
vary in response to the demands of the situation (Mischel &
Shoda, 2010), and that emotionally evocative tasks may yield

2 Contrary to previous literature, there was no significant relationship between
PFTA or frontal EEG alpha asymmetry either at rest or during the Learned
Helplessness Task and self-reported behavioral approach system (BAS) or
behavioral inhibition system (BIS) sensitivity, as measured by Carver &
White’s (1994) BIS/BAS scale, p>.17.
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a more pure measure of neurophysiological individual differ-
ences than resting state data (Coan et al., 2006). Accordingly,
researchers have begun to examine PFTA during laboratory
tasks designed to modulate approach-related tendencies. In the
first such study, Walden and colleagues (2015) reported ele-
vated PFTA during an autobiographical memory task de-
signed to increase approach motivation. The present study
extends this work by reporting, for the first time, that PFTA
decreases during a learned helplessness induction task de-
signed to reduce or attenuate approach motivation and goal-
directed behavior (i.e., perceived uncontrollability over an
aversive stimulus). Collectively, this work suggests that
PFTA is a promising neurophysiological index of both elevat-
ed and reduced approach motivational tendencies.

We argue that decreased PFTA among participants in the
Uncontrollable Condition reflected a laboratory-induced state
of learned helplessness in which these participants came to
expect that their responses and the termination of the aversive
noise were independent of each other. Previous research using
the identical Learned Helplessness Task employed in the pres-
ent study has demonstrated that this perception of uncontrol-
lability results in reduced response initiation and behavioral
disengagement as participants in the Uncontrollable
Condition are no longer searching for solutions to turn off
the noise and no longer attempting to exert control over their
circumstances (Alloy et al., 1984; Hiroto & Seligman, 1975;
Miller & Seligman, 1975). This behavioral disengagement,
from this perspective, is associated with helplessness and a
general reduction in approach motivation (see Abramson
et al., 1978, 1989, 2002 for reviews). The present study is
the first to report that the decreased approach motivation doc-
umented to occur during the Learned Helplessness Task
(Alloy et al., 1984; Hiroto & Seligman, 1975; Miller &
Seligman, 1975) is reflected in reduced PFTA.> The fact that
PFTA was modulated by a laboratory-based learned helpless-
ness task suggests that it may be a useful marker for under-
standing the pathophysiology of depression and, in particular,
depressive symptoms characterized by reduced approach mo-
tivation and behavioral disengagement, such as anhedonia,
decreased energy, and psychomotor retardation. Future re-
search is needed to test this hypothesis.

A strength of PFTA as a neurophysiological index is that it
has been linked to dopamine-related neural activity in the
rACC (Wacker et al., 2006; Wacker, Chavanon, et al., 2010),
which animal and human research indicates is central to re-
ward processing and approach-related motivation (Berridge,
2007; Berridge et al., 2009; Haber & Knutson, 2010;
Kringelbach & Berridge, 2010; Schultz, 2002). This link

3 An alternative explanation for reduced PFTA in the Uncontrollable
Condition is that participants in this condition found the Learned
Helplessness Task to be less interesting or engaging, rather than it inducing a
state of learned helplessness, per se. Given that we did not directly assess task
engagement, future research is needed to examine this competing hypothesis.
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validates PFTA as indexing critical reward-related neural pro-
cesses and provides PFTA with a neurobiological foundation
that is atypical of neurophysiological measures. Furthermore,
elevated PFTA at rest has also been associated with elevated
self-reported behavioral approach system sensitivity (BAS)
(Wacker et al., 2010), whereas reduced resting delta/theta cur-
rent in the rACC is associated with anhedonia, which involves
reduced approach motivation and decreased interest or plea-
sure in typically rewarding activities (Wacker et al., 2009).
This link between PFTA and both reward-related brain func-
tion and approach-related tendencies suggests that PFTA is
likely an index of approach motivational tendencies as op-
posed to avoidance or withdrawal tendencies. Additionally,
there is considerable evidence summarized in the present pa-
per that perceived uncontrollability over aversive stimuli — as
reflected in Learned Helplessness Theory — decreases ap-
proach motivation, reduces goal-directed behaviors, and atten-
uates reward-related neural activation in the ventral striatum
(Abramson et al., 1978, 2002; Hiroto & Seligman, 1975;
Salomons et al., 2015). In line with this perspective, partici-
pants in the Uncontrollable Condition in the present study
reported significantly lower motivation to identify the re-
sponse pattern that turned off the noise bursts than participants
in the Controllable Condition. This suggests that the
Uncontrollable Condition of the Learned Helplessness Task
was effective in reducing approach motivation. Furthermore,
among participants in the Uncontrollable Condition, lower
self-reported motivation to identify the response pattern was
associated with lower PFTA levels, after controlling for PFTA
levels at rest. Accordingly, we argue that the profile of reduced
PFTA among participants in the Uncontrollable Condition
reflects reduced approach motivation rather than elevated
aversion or withdrawal motivation. However, completely dis-
sociating reduced approach motivation from elevated aversion
is challenging, and we need future research assessing both
approach motivation and aversion to fully address whether
decreased PFTA involves reduced approach motivation, ele-
vated aversion, or some combination of the two.

The reduction in PFTA among participants in the
Uncontrollable Condition during the Learned Helplessness
Task indicated a change in the relative relationship (i.e., dif-
ference score) between PZ and FZ theta activity. The PFTA
difference score, however, is limited by its inability to speak to
whether this effect is primarily driven by PZ (posterior) theta
activity, FZ (anterior) theta activity, or both. To address this
issue, we conducted event-related desynchronization (ERD)
analyses to examine the independent contribution of PZ ver-
sus FZ theta activity for all significant main effects and inter-
actions. ERD analyses indicated a main effect of Condition
and a Condition by Time-Bin interaction at PZ but not FZ.
Follow-up analyses indicated that these effects were driven by
reduced PZ theta values among participants in the
Uncontrollable Condition over time, suggesting that the

condition difference in PFTA observed in the present study
was primarily driven by posterior rather than frontal theta
activity.* This finding is consistent with a previous study
reporting that agentic extraversion, characterized by elevated
approach motivation, is associated with increased theta activ-
ity at posterior sites (Knyazev, Bocharov, & Pylkova, 2012).
As argued by Luck and colleagues (Luck, 2014), however,
inferring the exact anatomical location of an EEG signal is
difficult due to the inverse problem. That is, a large number
of different sets of dipoles in the brain can lead to the same
distribution of scalp EEG. Because we measured the distribu-
tion of EEG on the scalp, it is hard for us to determine which
sets of the dipoles in the brain lead to the scalp EEG in our
data. Estimating the source of PZ or FZ theta activity requires
confirmation from other techniques, such as placing EEG sen-
sors inside the brain as in electrocorticography (ECoG) and
simultaneous EEG-fMRI recording. Nonetheless, we argue
that our ERD analysis provides a stronger understanding of
the topographical distribution of theta activity over the scalp.
ERD analyses allow us to infer, for instance, that based on the
distribution of theta power and the direction of the effect,
PFTA profiles assessed in the present study appear to index
separable psychological phenomena from frontal-midline the-
ta. That is, frontal-midline theta is typically distributed at fron-
tal sites and is enhanced by negative feedback (Cavanagh &
Shackman, 2015; Cohen, Wilmes, & van de Vijver, 2011;
Luft, 2014; Pornpattananangkul & Nusslock, 2016). As
PFTA in the present study was driven by the posterior site
and reduced by negative feedback, it appears to be a distinct
neurophysiological index. That is, PFTA changes in the pres-
ent study were driven by activity at the posterior sites in re-
sponse to negative feedback, whereas frontal-midline theta is
typically distributed at frontal sites and is enhanced, not re-
duced, by negative feedback.

It is also important to note that most of the PFTA studies
conducted thus far (mainly done by Wacker and colleagues,
2006; 2010) focus on PFTA at rest. During studies of resting
neurophysiological activity there typically is not a separate
baseline to compute an ERD, and thus researchers have to rely
on the PFTA difference score. The present study is among the
first to show that PFTA may be driven primarily by posterior
rather than frontal theta activity, thereby deepening our under-
standing of neurophysiological mechanisms underlying
PFTA. Future research is needed to examine whether the to-
pographical contribution of posterior versus anterior theta ac-
tivity observed in the present study is specific to laboratory
tasks designed to reduce approach motivation, or whether this

* Reduced PZ theta activity in follow-up ERD analyses among participants in
the Uncontrollable versus Controllable Condition was a non-significant trend
at time-bins 2 and 3 (ps =.09). These findings should be interpreted cautiously
and future research with greater statistical power is required to confirm these
effects.
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distribution also occurs when approach motivation is
enhanced.

We included Time Bin as a factor so we could model PFTA
over the time course of learned helplessness onset via expo-
sure to progressively more uncontrollable aversive stimuli. In
line with previous research (Mikulincer, 1988), it took time for
participants in the Uncontrollable Condition to display de-
creased approach motivation, as reflected in reduced PFTA.
Specifically, participants in the Uncontrollable Condition did
not display reduced PFTA until the second time bin (trials 11—
20) and this reduction continued through Time-Bin 3.
Contrary to prediction, PFTA levels began to normalize
among participants in the Uncontrollable Condition in Time-
Bin 5 (although PFTA levels during Time-Bin 5 were not
significantly different from PFTA levels during either Time-
Bin 3 or Time-Bin 4 among participants in the Uncontrollable
Condition, all p>.15). It is unclear whether this normalization
would have continued during subsequent time-bins (perhaps
reflecting habituation) or whether it represents less meaningful
variation. Future research with more prolonged exposure to
uncontrollable aversive stimuli is needed to better understand
the temporal dynamics of laboratory induced learned helpless-
ness on PFTA.

Contrary to expectation, perceived uncontrollability did not
modulate frontal EEG alpha asymmetry, another frequently
used neurophysiological index of approach motivation.
Research on frontal alpha asymmetry has typically examined
this index at rest (see Allen & Reznik, 2015; Coan & Allen,
2004; Nusslock, Walden, & Harmon-Jones, 2015 for re-
views), during laboratory paradigms designed to elevate ap-
proach motivation [(e.g., reward/monetary cues (Miller &
Tomarken, 2001; Sobotka, Davidson, & Senulis, 1992); anger
provocation (Harmon-Jones et al., 2010 for review)], or dur-
ing paradigms designed to elevate avoidance or aversive emo-
tional states [e.g., viewing negative pictures (Jackson et al.,
2003; Petrantonakis & Hadjileontiadis, 2011); anticipating
public speaking (Davidson, Marshall, Tomarken, &
Henriques, 2000)]. To the best of our knowledge, no studies
have examined frontal alpha asymmetry during laboratory
tasks specifically designed to reduce approach motivation or
induce a state of learned helplessness in a manner such as the
present study. Although it is difficult to interpret a null effect,
one possibility is that, whereas PFTA is sensitive to both ele-
vated and attenuated approach motivational tendencies, fron-
tal asymmetry is more impacted by laboratory tasks than en-
hance approach motivation. Future research is needed to test
this hypothesis.

Conclusion

The present study, for the first time, reports that a learned
helplessness task (i.e., perceived uncontrollability over an
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aversive stimulus) is associated with a corresponding reduc-
tion in PFTA. Results were specific to PFTA, as there was no
relationship between frontal EEG alpha asymmetry and per-
ceived uncontrollability. When combined with existing re-
search, the results of the present study suggest that PFTA is
sensitive to both attenuated and elevated approach motivation-
al states (Walden et al., 2015), as well as dispositional
approach-motivational tendencies as indexed by resting
PFTA (Wacker, Chavanon, et al., 2010). Follow-up ERD anal-
yses indicated that PFTA findings in the present study were
driven by reduced posterior (PZ) theta values among partici-
pants in the Uncontrollable Condition. This finding suggests
that posterior theta activity may be particularly important for
understanding the neurophysiology of decreased approach
motivation and reduced goal-directed behavior. A strength of
PFTA as aneurophysiological index of approach motivation is
that it has been directly linked to dopamine signaling in the
rACC, which animal and human research indicates is central
to reward processing and approach-related motivation. This
link validates PFTA as indexing critical reward-related neural
processes, and provides PFTA with a neurobiological founda-
tion that is atypical of other neurophysiological measures.
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