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Impaired automatic emotion regulation (AER) is closely related to major depressive disorder. Our research in
adults has identified two AER-related components, Go N2 and NoGo P3, in an implicit emotional Go/NoGo para-
digm. However, it is unclear whether Go N2 and NoGo P3 reflect the development of AER in adolescents and the
relationship of these components with subclinical depressive symptoms and trait anhedonia. We collected EEG
data from 55 adolescents while they completed the implicit emotional Go/NoGo task. After the experiment,
the subjects completed the Chinese version of the Temporal Experience of Pleasure Scale and the BeckDepression
Inventory. Consistent with results in adults, we determined that GoN2 represents automatic top-down attention
to emotions in Go trials, whereas NoGo P3 represents automatic response inhibition in NoGo trials. These AER
components exhibited age-dependent improvement during adolescence. Additionally, NoGo P3 amplitudes elic-
ited by viewing positive faceswere positively correlatedwith trait anhedonia, whereas NoGo P3 amplitudes elic-
ited by viewing negative faces were negatively correlated with depressive symptoms. Our observations provide
further understanding of the neurodevelopmental mechanism of AER and yield new insight into dissociable im-
pairments in AER in adolescentswithmajor depressive disorder during positive and negative implicit processing.

© 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Automatic emotion regulation (AER; Jackson et al., 2003), also called
implicit (Koole and Rothermund, 2011) or unconscious (Williams et al.,
2009) emotion regulation is pervasively used to control emotional re-
sponses in daily life, and its dysfunction has been implicated in the de-
velopment of psychopathologies such as mood disorders or
depression in adolescents (Rive et al., 2013). In the process model of
emotion regulation (Gross and Thompson, 2007), AER can be conceptu-
alized as the modification of any aspect of one's emotional response
without conscious intent, without being aware of the emotion regula-
tory process and without attempting to deliberately control emotions
(Mauss et al., 2007). However, measuring AER in experiments is very
challenging for researchers. Fortunately, there have been several exper-
imental strategies to garner evidence for AER. Specifically, the implicit
. This is an open access article under
paradigmpresents emotional stimuli but requires subjects toexecute a cog-
nitive task that is not related to emotions. Thus, the experiment allows for
inferences aboutAER-relatedprocesses by comparing emotional conditions
with a non-emotional (neutral) condition (Koole and Rothermund, 2011).

Based on neuroimaging studies, Phillips et al. (2008) described a
neuralmodel of voluntary and automatic emotion regulation,which de-
termined that AER mainly depends on the function of the ventromedial
network, including the anterior cingulate cortex (ACC) (Phillips et al.,
2008). However, neuroimaging studies did not reveal the accurate tem-
poral course of AER. In contrast, event-related potential (ERP) studies
with good temporal resolution can capture all levels of emotion-
generation processes. By comparing the time course of different emo-
tional stimuli, the researchers can isolate the AER-related components
(Koole and Rothermund, 2011). For example, AER modulates the late
positive potentials (Mocaiber et al., 2010; Zhang and Zhou, 2014) and
alters two earlier ERP components, Go N2 and NoGo P3, during an im-
plicit emotional facial Go/NoGo task (Zhang and Lu, 2012). However,
these studies in adults did not reveal the developmental mechanism
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

https://core.ac.uk/display/82376625?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nicl.2016.01.018&domain=pdf
mailto:albert2013418@sina.cn
http://dx.doi.org/10.1016/j.nicl.2016.01.018
www.elsevier.com/locate/ynicl


117W. Zhang et al. / NeuroImage: Clinical 11 (2016) 116–123
of AER in adolescents. In this study, we employedGo N2 andNoGo P3 as
electrophysiological indicators to investigate the development of AER
during adolescence and their links with depressive symptoms and an-
hedonia (Downar et al., 2014).

The Go/NoGo paradigm has been traditionally used to evaluate re-
sponse inhibition related to the ACC function. However, in the experi-
ment with an event-related design, participants need to switch
betweenGo trials and NoGo trials. Therefore, the Go/NoGo task has pos-
sible response-switching components corresponding to different stages
of information processing. In NoGo trials, frontal NoGo N2 and NoGo P3
amplitudes are greater than Go N2 and Go P3, respectively (Albert et al.,
2010; Lamm et al., 2006). NoGo N2 is a negative shift with a peak be-
tween 200 and 400 ms following NoGo stimuli. NoGo P3 is a positive-
going component that was evaluated in a time frame from 300 to
700 ms. Moreover, NoGo P3 is thought to directly reflect the inhibitory
process itself (Albert et al., 2010; Spronk et al., 2008).

Particularly during the implicit emotional Go/NoGo task, NoGo P3
was modulated by affective facial valence in our adult study (Zhang
and Lu, 2012), and the emotional valence was sufficient to evoke re-
sponse tendencies (Chiu et al., 2008). In the NoGo task, emotional-
and motor-response inhibition have been shown to coexist and
coactivate some brain areas, including the ACC, that are associated
with the interaction between emotional processing and motor inhibi-
tion (Goldstein et al., 2007; Berkman et al., 2009; Albert et al., 2011),
which is observed in the P3 (but not in the N2) time range (Albert
et al., 2011). Both voluntary inhibition of the motor response (button
press) and implicit emotion regulation are additive and simultaneously
reflected in the NoGo P3 waveform. Thus, NoGo P3 superimposes with
automatic response inhibition of emotions (Zhang and Lu, 2012). In
contrast, NoGo N2 amplitudes do not vary with emotional valence and
represent only cognitive conflictmonitoring (Albert et al., 2011). There-
fore, NoGo N2 might not be linked to AER (Zhang and Lu, 2012).

The Go/NoGo paradigms with affect-loaded stimuli involve the in-
teraction of emotion and attention (Blair et al., 2007) and provide new
insight into the emotion-modulated executive attentional process
(Albert et al., 2010, 2011; Hum et al., 2013). The motivated attention
model proposes that affectively salient stimuli attractmore attention re-
sources than neutral stimuli (Lang et al., 1997). However, the resource
theory assumes that the attention capacity is limited (Kahneman,
1973). With limited attention resources, participants have to intention-
ally or unintentionally exert attentional control over affective stimuli so
that they can perform goal-directed behaviors (Blair et al., 2007). Thus,
in the Go trials, there exists a process that is linked to the attentional
control of emotions, which depends on the level of cognitive load
(Pessoa et al., 2002). For instance, Go N2 is suggested to index the de-
gree to which attentional control is demanded (Dennis and Chen,
2007). Specifically, during the implicit emotional Go/NoGo task, Go N2
amplitudes evoked by viewing emotional faces were significantly
lower than those evoked by viewing neutral faces (Zhang and Lu,
2012). Generally, a stimulus-driven bottom-up process occurs within
200ms.However, in the present study, GoN2occurs after 200ms. In ad-
dition, stimulus-driven attention cannot explain whyGo N2 amplitudes
for positive and negative faces are less negative than those for neutral
faces. If Go N2 is driven by stimulus-driven attention, Go N2 amplitudes
evoked by positive and negative faces should be more negative than
those evoked by neutral faces. Therefore, we propose that Go N2 is al-
tered by emotions and represents automatic top-down attention to-
ward emotions (Zhang and Lu, 2012). In contrast, increased Go P3
amplitudes in response to positive and negative faces are in line with
the viewpoint that Go P3 mirrors motivated attention (Knyazev et al.,
2009; Schupp et al., 2004).

The affective Go/NoGo task can evaluate emotional response inhibi-
tion and may be useful for assessing major depressive disorder (MDD),
characterized by abnormalities in deliberate or automatic emotion reg-
ulation (Chiu et al., 2008). Somefindings stress the hyperactive negativ-
ity in MDD during negative affect processing (Joormann, 2010). For
instance, previous studies employed explicit emotional Go/NoGo tasks
where facial expressions of emotion had to be actively identified for suc-
cessful performance (Han et al., 2012; Ladouceur et al., 2006). These
studies found that adolescents with MDD exhibited faster reaction
times to sad face Go trials embedded in neutral face NoGo trials in the
moderate probability condition (Ladouceur et al., 2006). There is also
an inverse correlation between depressive symptoms and reaction
time to negative (angry) faces in the NoGo trials (Han et al., 2012). Un-
dergraduates displaying a high degree of depressive symptoms exhibit
larger NoGo P3 responses to negative than to positive stimuli
(Krompinger and Simons, 2009). Although these results from the ex-
plicit emotional tasks disclosed negativity bias in volitional emotion
regulation in depressed individuals, they did not unveil AER-relateddef-
icits in depression during implicit emotional processing.

Other studies propose that depressionmight originate from a reduc-
tion inpositive affectivity (Davey et al., 2008; Treadway and Zald, 2011).
Specifically, anhedonia is associated with a deficit in the reward-
processing dopamine system, which increases the risk for depression
(Liu et al., 2014). For example, using an oddball taskwith standard stim-
uli (O′s) and a deviant stimulus (X) at random times, Franken et al.
(2006) found that early (70–125 ms), middle (125–175 ms) and late
(300–500 ms) ERP components of subjects with a low hedonic tone
were attenuated relative to subjects with a high hedonic tone. Particu-
larly, depressed individuals exhibit reduced activation in the right ACC
and caudate during reward anticipation compared to controls (Smoski
et al., 2009). The positive bias in depressed individuals reduces as sever-
ity of anhedonia increases (Dunn et al., 2009). To our knowledge, how-
ever, only one ERP study has indicated that the amplitude of feedback
negativity to gain feedback is related to the severity of anhedonia in de-
pressed participants (Liu et al., 2014). Therefore, it remains unclear
whether anhedonia is associated with AER in the implicit emotional
Go/NoGo task.

During adolescence, continual pruning and myelination of the pre-
frontal cortex (Cloak et al., 2010) contribute to an increase in cortical ef-
ficiency later in the developmental process (Casey et al., 2000),
including top-down mechanisms that are involved in AER, such as re-
sponse inhibition (Rive et al., 2013). Thus, adolescents progressively im-
prove their automatic inhibitory capacity for emotional processing
(Wiers et al., 2007). However, the cortical function in adolescents is
not fully mature because the limbic reward systems develop earlier
than the prefrontal control regions (Casey et al., 2008). For example, ad-
olescents exhibited exaggerated amygdala response to emotional ex-
pressions relative to children and adults during an emotional Go/
NoGo task (Hare et al., 2008). Teenagers also had greater between-
subjects ventral-dorsal striatal coactivation than children and adults
for happy NoGo versus Go trials (Somerville et al., 2011), which impli-
cates exaggerated ventral striatal representation of appetitive cues in
adolescents relative to an intermediary cognitive control response
(Casey et al., 2008).

The triadicmodel ofmotivated behaviors in adolescence assumes an
immature supervisory role of the medial/ventral prefrontal cortex (im-
plicated in AER) in orchestrating the contributions of the amygdala (the
avoidant system) and ventral striatum (the approach system) in re-
sponse to affective stimuli (Ernst et al., 2006). Thus, the development
of the regulatory mechanisms lags behind the development of affective
brain systems so that adolescents are more sensitive to affective stimuli
and are more vulnerable to clinical depression than children and adults
(Davey et al., 2008). For example, in an emotional Go/NoGo task, re-
sponse inhibition is more readily disrupted by negative emotional dis-
traction in early adolescence than at other ages (Cohen-Gilbert &
Thomas, 2013). These results support the delayed development of in-
hibitory control. Moreover, adolescents with MDD exhibit enhanced
subgenual ACC activation to fearful faces (versus neutral faces) during
an implicit emotional face task (Tao et al., 2012). Therefore, clarifying
developmental mechanisms in AER is of potential value for the clinical
treatment of adolescent depression.
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The present study aimed to examine the temporal course of AER and
the associationwith subclinical depressive symptoms and trait anhedo-
nia during adolescence. We collected ERP data of 55 adolescents as they
performed the implicit emotional Go/NoGo task, in which they judged
the gender of faces but ignored facial emotions. After the experiment,
they completed the Chinese version of the Temporal Experience of Plea-
sure Scale (TEPS; Gard et al., 2006; Chan et al., 2012) and the Beck De-
pression Inventory (BDI; Beck et al., 1961; Liu et al., 2011). Our
experiment was not a typical Go/NoGo task because we used an equal
number of Go and NoGo trials to reduce novelty effects.

Based on AER results in adults (Zhang and Lu, 2012), we predicted
that in the Go trials, N2 amplitudes evoked by seeing emotional faces
would be reduced relative to amplitudes elicited by neutral faces
(Dennis and Chen, 2007) and that in the NoGo trials, P3 amplitudes
evoked by emotional faces would be increased compared with those
evoked by neutral faces (Albert et al., 2010; Spronk et al., 2008). Consid-
ering increased cortical efficiency during adolescence (Casey et al.,
2000; Wiers et al., 2007), we predicted that Go N2 amplitudes would
decline with age and that NoGo P3 amplitudes would increase with
age. According to previous results (Dunn et al., 2009; Han et al., 2012),
we predicted that NoGo P3 amplitudes elicited by seeing positive faces
would be positively correlatedwith anhedonia and that NoGo P3 ampli-
tudes elicited by negative faces would be negatively correlated with
subclinical depressive symptoms.

2. Methods

2.1. Participants

Fifty-five right-handed adolescent students participated in the ex-
periment. They had normal or corrected-to-normal visual acuity and
had no history of head injury or neurological disorders. They did not
take any medication within two weeks. They were also required to re-
port the grade point average (M = 3.62, SD= 0.43) to exclude any in-
tellectual delays. The cut-off value of grade point average was set to
1.7, which is the equivalent of grade D. Pubertal status was measured
by the Chinese self-report Pubertal Development Scale with good reli-
ability and validity (Chan et al., 2010; Petersen et al., 1988). All adoles-
cents, on average, were categorized into Tanner pubertal stage II-IV
(from early to late adolescence) (Petersen et al., 1988). Data from one
male and one female were ruled out due to the low-quality of the EEG
recording. The final sample was divided into three age groups: younger
adolescents (7 female and 11 male, ages 11.65 to 13.07 years), middle
adolescents (6 female and 12 male, ages 13.78 to 14.82 years), and
older adolescents (6 female and 11 male, ages 15.56 to 16.74 years).
We first obtained verbal assent from each adolescent participant and
Fig. 1. Mean response time (RT) (a) and accuracy (b) elicited by viewing positive, neutral, an
denote the standard error. *p b 0.05, **p b 0.01.
then obtainedwritten consent from their parents or guardians on behalf
of the minors enrolled in our study. All participants were paid ~$10 for
their participation. The ethics committee of the key laboratory of psy-
chology at Shanghai Normal University approved the study protocol.

2.2. Psychological measure

2.2.1. Anhedonia
This study used a 20-item TEPS to measure individual trait disposi-

tion in anhedonia, i.e., anticipatory and consummatory pleasurable ex-
periences in the long term (Gard et al., 2006). A lower total score on
the scale indicates a higher level of anhedonia. The Chinese version of
the TEPS has demonstrated adequate reliability in previous studies
(Chan et al., 2012; Liu et al., 2014). The internal consistency of the
TEPS in our study was good (Cronbach's alpha was 0.82).

2.2.2. Depressive symptoms
The BDI is a 21-item scale that evaluates the severity of depression

(Beck et al., 1961). Recent research has indicated that the BDI is valid
for adolescents (Ramezani et al., 2014) and the Chinese version used
for the current study has been validated in Chinese samples (Liu et al.,
2011). The Cronbach's alpha in the present sample was 0.83.

2.3. Stimuli

One hundred and sixty-two face pictures were selected from the
Chinese Face Affective Picture System (CFAPS; Wang and Luo, 2005),
with 54 positive (happy), 54 negative (angry and fearful) and54neutral
(calm) faces. The stimuli consisted of equal numbers of female andmale
faces. Because there were only 20 angry faces and 20 fearful faces per
gender in the CFAPS, we selected both angry and fearful faces as nega-
tive stimuli to match the number of positive and neutral stimuli. Al-
though there was some neurophysiological evidence of the differential
processing of fear and anger, we were interested in only the valence ef-
fect and not in specific affective processing. Three picture categories had
no significant differences in arousal (M ± SD: Positive = 5.62 ± 0.74;
Negative = 5.60 ± 0.71; Neutral = 5.26 ± 0.59; p N 0.05). However,
they differed significantly from one another in the normative valence
rating by the college students (M ± SD: Positive = 6.45 ± 0.28;
Negative=2.91±0.27; Neutral=4.57± .21; p b 0.001). No significant
gender differences in arousal or valence were detected (p N 0.05). Par-
ticipants viewed pictures presented at a visual angle of approximately
12 degrees in the center of a desktop screen. E-prime 2.0 (Psychology
Software Tools Inc., Pittsburgh, USA)was used for both stimulus presen-
tation and recording responses.
d negative faces in correct Go trials in younger, middle, and older adolescents. Error bars



Fig. 2. Averaged waveforms (μV) for neutral (blue dotted lines), positive (red solid lines), and negative pictures (green dashed lines) in Go trials in younger (a), middle (b), and older
(c) adolescents.
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2.4. Procedure

After the participants became familiar with the experimental proce-
dure, the sensors were attached to the participants in an electrically
shielded room. The participants then executed an implicit emotional
Go/NoGo task. The task contained equal numbers of Go and NoGo trials
to control the novelty of the NoGo cues. Each trial began with a fixation
(+) that appeared for 500 ms, followed by the Chinese cue “Female” or
“Male” presented for 1000ms. Then, a facial picture was randomly pre-
sented between 100 and 250 ms and the participants were asked to
judge the facial gender. In the Go trial, where the facial gender matches
the preceding cue, participants pushed the SPACE key using their index
fingers. Participants were instructed to respond to the face as soon as
possible but to ensure accuracy. In the NoGo trial, where the facial gen-
der did not match the preceding cue, participants viewed the picture
and did not need to press any buttons. The screen then went blank for
a random period ranging between 800 and 1200 ms before the next
trial began. The experiment consisted of 360 trials split into 30 random-
ized blocks. Each block covered 12 randomized trials [2 (trial category:
Go and NoGo) × 2 (facial gender: female and male) × 3 (emotional va-
lence: positive, negative, and neutral)]. The experiment included a 20 s
resting baseline every 9 blocks. The first three blocks were used as prac-
tice and were excluded from data analysis.

2.5. Data processing and statistical analysis

Scalp EEG data were obtained from 64 Ag/AgCl electrodes
(NeuroScan Inc., USA)mounted in aQuick-cap (conforming to the Inter-
national 10–10 System) and referenced to the left mastoid. Vertical
electro-occulogram was recorded from two electrodes fixed above and
below the left eye, and the horizontal electro-occulogramwas recorded
from two electrodes fixed at the outer canthus of each eye. The
Fig. 3. Averaged waveforms (μV) for neutral (blue dotted lines), positive (red solid lines), and n
(c) adolescents.
impedance of EEG electrodes was kept at less than 5 kΩ using electrode
gel. All EEG signals were sampled at 1 kHz and were band-pass filtered
from 0.01 to 100 Hz. The data were visually inspected to remove eye
movement and muscle artifacts. The continuous EEG signals were
corrected for blink artifact using an ocular artifact reduction procedure
(Semlitsch et al., 1986), re-referenced an average mastoid, and low-
pass filtered at 30 Hz (24 dB/octave). The EEG data were segmented
for each trial, spanning 200 ms prior to each picture onset to 1000 ms
after the presentation of the face stimuli and were baseline corrected
using the pre-stimulus period. Epochs with the amplitude over
±100 μV at any site were excluded from averaging.

Averaged ERPs were individually calculated from correct trials for
trial category, facial gender, and emotional valence. In agreement with
the methods and previous research in adults (Rousselet and Pernet,
2011), we selected the following nine sites where the N2 and P3 are
most pronounced (Zhang et al., 2006): three frontal sites, F3, Fz, and
F4; three frontocentral sites, FC3, FCz, and FC4; and three central sites,
C3, Cz, and C4. The N2 amplitude was evaluated as the mean activity
from 200 to 350 ms after the stimulus onset. The P3 amplitude was an-
alyzed as the mean activity in the time window from 350 to 700 ms
(Zhang and Lu, 2012).

Initially, N2 and P3 amplitudes were evaluated separately with five-
way repeated measures ANOVAs with trial category (Go and NoGo),
emotional valence (positive, negative, and neutral), facial gender
(male and female) and topographical site (frontal, frontocentral, and
central) as within-subject factors and age (younger, middle, and older
adolescents) as the between-subject factor. However, because no effect
of facial gender or facial gender-related interactions was detected, we
omitted the facial gender factor from subsequent ERP analyses for con-
ciseness. We then focused our analyses on four-way repeatedmeasures
ANOVAs with trial category (Go and NoGo), topographical site (frontal,
frontocentral, and central) and emotional valence (positive, negative,
egative pictures (green dashed lines) in NoGo trials in younger (a), middle (b), and older



Fig. 4. Statistical analysis of N2 amplitudes elicited by viewing positive (red), neutral (blue) and negative (green) faces in Go (a) and NoGo (b) trials in younger, middle and older adolescents. Error
bars denote the standard error. *p b 0.05, **p b 0.01.
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and neutral) as within-subject factors and age (younger, middle, and
older adolescents) as the between-subject factor.

Three-way repeated measures mixed ANOVA with emotional
valence × facial gender × age was conducted to analyze the response
times of the correct Go trials. The accuracy (i.e., button presses in theGo tri-
als andno responses in theNoGo trials)were investigatedusing a four-way
repeated measures mixed ANOVA with trial category × facial
gender × emotional valence × age. SPSS Version 20.0 General Linear
Model software was used for statistical analysis of behavioral and ERP
data. Statistical analyses were adjusted for variance nonsphericity using
the Greenhouse–Geisser correction. All post-hoc analyses used the
Bonferroni adjustment.
3. Results

3.1. Behavioral data

3.1.1. Response time
A three-way repeatedmeasuresmixed ANOVA revealed a significant

main effect of emotional valence on the response time [F (2, 49)= 7.42,
p b 0.01]. The post-hoc comparisons indicated that the mean response
times to positive and negative faces were shorter than those to neutral
Fig. 5. Statistical analysis of P3 amplitudes elicited by viewing positive (red), neutral (blue)
adolescents. Error bars denote the standard error. *p b .05, **p b .01.
faces (p b 0.05); however, no significant difference between positive
and negative faces was present (p N 0.05). Furthermore, there was a sig-
nificantmain effect of age [F (2, 49)=10.21, p b 0.001; Fig. 1a]. Post-hoc
tests demonstrated that older adolescents responded to the three facial
categories faster thanmiddle adolescents (p b 0.05) and thatmiddle ad-
olescents responded to the three facial categories faster than younger
adolescents (p b 0.01). No other main or interaction effects were ob-
served (all p N 0.05).
3.1.2. Accuracy
The main effect of trial category revealed that all adolescents made

more accurate responses in the NoGo trials than in the Go trials [F (1,
48)=9.45, p b 0.001]. The four-wayANOVA analysis also revealed a sig-
nificant interaction between trial category and emotional valence [F (2,
48) = 5.38, p b 0.01; Fig. 1b]. Post-hoc comparisons indicated that pre-
sentation of positive and negative faces resulted in highermean accura-
cies than presentation of neutral faces in the Go trials (p b 0.05),
although no significant difference was observed between positive and
negative faces (p N 0.05). Furthermore, no significant difference in va-
lence was observed in the NoGo trials (p N 0.05). Additionally, there
was a significant interaction between trial category and age [F (2,
48)=9.57, p b 0.001]. Post-hoc analyses revealed that older adolescents
and negative (green) faces in Go (a) and NoGo (b) trials in younger, middle and older



Fig. 6. Scatter plots depicting Pearson's correlation analyses. Panel a shows the positive correlation between NoGo P3 amplitudes elicited by viewing positive faces and anhedonia
measured by the Temporal Experience of Pleasure Scale (TEPS). Panel b shows the negative correlation between NoGo P3 amplitudes elicited by viewing negative faces and depressive
symptoms measured by the Beck Depression Inventory (BDI).
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responded to the three facial categories more accurately than middle
and younger adolescents in the Go trials (p b 0.01). However, no signif-
icant difference between different age groupswas observed in theNoGo
trials (p N 0.05).

3.2. ERP data

3.2.1. N2 amplitudes
The main effect of trial category indicated that N2 amplitudes were

larger in the NoGo trials than in the Go trials [F (1, 48) = 10.58,
p b 0.001]. The main effect of topographical site showed that N2 ampli-
tudes were largest at the frontocentral sites (for example FCz) [F (2,
48) = 11.63, p b 0.001]. Furthermore, the four-way repeated measures
ANOVA demonstrated a significant main effect of age [F (2, 48) = 9.89,
p b 0.001]. The post-hoc comparison indicated that N2 amplitudes in
younger adolescents were more negative than those in middle adoles-
cents (p b 0.01) and N2 amplitudes in middle adolescents were more
negative than those in older adolescents (p b 0.01). Finally, a significant
interaction between trial category and valence was observed [F (2,
48) = 9.69, p b 0.001]. Post-hoc tests demonstrated that presentation
of positive and negative faces resulted in smaller N2 amplitudes than
presentation of neutral faces in the Go trials (p b 0.01; Figs. 2 and 4a).
No differences in N2 amplitudes to the three emotional valences
reached significance in the NoGo trials (p N 0.05; Figs. 3 and 4b).

3.2.2. P3 amplitudes
Themain effect of trial category demonstrated that P3 amplitudes in

theNoGo trials were larger than those in theGo trials [F (1, 48)=10.81,
p b 0.001; Figs. 2 and 3]. Moreover, ANOVA of P3 amplitudes revealed a
significant main effect of emotional valence [F (2, 48) = 10.32,
p b 0.001; Fig. 5a and b]. Post-hoc comparisons indicated that P3 ampli-
tudes elicited by presentation of positive and negative faces were larger
than those elicited by neutral faces (p b 0.01). Additionally, themain ef-
fect of topographical site revealed the largest P3 amplitudes at
frontocentral sites [F (2, 48)=10.63, p b 0.001].We also observed a sig-
nificant interaction between age and topographical site [F (4, 48) =
5.86, p b 0.01]. Post-hoc analyses indicated that P3 amplitudes at the
frontal and frontocentral sites of older adolescents were larger than
those of middle adolescents (p b 0.01), which, in turn, were larger
than those of younger adolescents (p b 0.01). At the central sites, P3 am-
plitudes of middle and older adolescents were larger than those of
younger adolescents (p b 0.01).

3.2.3. Correlation analysis
Pearson's correlation analyses revealed a negative correlation be-

tween Go P3 amplitudes and mean response time in the Go trials
(r = −.47, p b .01). Particularly, response time was negatively corre-
lated with the Go P3 amplitudes elicited by positive (r = −0.49,
p b 0.01) and negative (r=−0.52, p b 0.01) faces but not those elicited
by neutral faces (r=−0.07, p N 0.05).When using Fisher z transforma-
tion, we did not find any significant differences in the correlation coef-
ficient between positive and negative faces (p N .05). Furthermore,
trait anhedonia measured by TEPS was positively correlated with
NoGo P3 amplitudes elicited by positive faces (r = 0.38, p b 0.05;
Fig. 6a) but not those elicited by negative and neutral faces (p N 0.05).
Depressive symptoms were negatively correlated with NoGo P3 ampli-
tudes elicited by negative faces (r = −0.41, p b 0.01; Fig. 6b) but not
those elicited by positive and neutral faces (p N 0.05). Specifically,
after controlling for age, these correlation coefficients were still signifi-
cant (all ps b 0.05). No other correlations were observed (all ps N 0.05).

4. Discussion

We applied the implicit emotional Go/NoGo paradigm to focus on
the developmental electrophysiological indicators of AER in adoles-
cents. Like the general non-affective Go/NoGo tasks, our results revealed
greater NoGo N2 and NoGo P3 activation than Go N2 and Go P3 activa-
tion, respectively (Albert et al., 2010). Consistent with results in adults
(Zhang and Lu, 2012), our findings in adolescents further confirmed
two AER-related processes, Go N2 and NoGo P3, which varied as a func-
tion of age. The behavioral data also supported the ERP results. NoGo P3
amplitudes elicited by the presentation of positive and negative faces
exhibited dissociable correlational patterns with trait anhedonia and
subclinical depressive symptoms. Taken together, these results suggest
that the implicit emotional Go/NoGo task is sensible to the development
of AER, which might be closely associated with adolescent depression.

Consistent with results in adults (Zhang and Lu, 2012), we observed
that emotional faces exhibited lower Go N2 amplitudes than neutral
faces, although adolescents were required to judge the gender of emo-
tional faces but to ignore facial emotions. On the basis of the motivated
attention model that proposes that motivated stimuli attract more at-
tention (Lang et al., 1997), researchers predicted that Go N2 amplitudes
elicited by positive and negative faces should be more negative than
those elicited by neutral faces. However, our Go N2 results did not sup-
port this prediction. Although it is possible that aspects of facial affect
were coded to some degree consciously in our study, automatic process-
ing of emotional information cannot fully rule out conscious awareness
but requires minimal attentional resources because four features of au-
tomaticity, namely efficient, unintentional, uncontrollable, and uncon-
scious, are not always tightly linked or activated in an all-or-none
fashion (Teachman et al., 2012). In the implicit emotional Go/NoGo
task, the ACC that projects extensively to other brain regions automati-
cally presets the emotional processing network to carry out the
instructed task so that emotional faces automatically consume less
top-down attentional resources than neutral faces (Eimer and Holmes,
2007; Brown et al., 2007). Therefore, our results in adolescents further
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demonstrate that Go N2 reflects automatic top-down attention of the
ACC to emotions. This explanation, however, should be considered
with caution. Future studies are necessary to confirm these results
using source analysis or the combination of fMRI and ERP. Moreover,
consistent with increased cortical efficiency during adolescence (Casey
et al., 2000; Wiers et al., 2007), Go N2 amplitudes exhibited age-
dependent changes during adolescence. These observations suggest
that GoN2 is a useful electrophysiological indicator for assessing the de-
velopment of automatic top-down attention.

In contrast, subsequent Go P3 amplitudes elicited by viewing posi-
tive and negative faces were larger than those elicited by neutral
faces. Furthermore, Go P3 amplitudes were negatively correlated with
mean response time. Furthermore, the negative correlation between
Go P3 amplitudes and reaction time was driven by the valence effect.
Behaviorally, all adolescents made faster and more accurate responses
to positive and negative faces than to neutral faces, which disrupts the
speed-accuracy trade-off. In the explicit emotional Go/NoGo task,
Tottenham et al. (2011) also found that adolescents were the fastest
group for the emotional Go trials but not for neutral Go trials. Although
we used the implicit emotional Go/NoGo paradigm, emotional stimuli
were fully visible (i.e., not masked) to the subjects so that adolescents
used emotional information to guide their responses somewhat con-
sciously. However, our results were different from those of the prior ex-
plicit emotional Go/NoGo tasks (Tottenham et al., 2011) because the
disruption of the speed/accuracy trade-off did not emerge in the NoGo
trials in our study. Therefore, we did not fully rule out conscious leakage
of affective information in our implicit study. According to the moti-
vated attention model (Lang et al., 1997), Go P3 mirrors motivated at-
tention to emotions and is not related to AER. Future studies should
employ the implicit emotional Go/NoGo task with masked affective
stimuli to confirm our results.

In NoGo trials, NoGoN2wasnot influenced by affective valence, sug-
gesting that NoGoN2 is not directly linkedwithAER. However, NoGoN2
might play a role in cognitive conflictmonitoring (Albert et al., 2011). In
our study, we expected to observe a response competition conflict but
not an emotional conflict when participants were instructed to make a
facial gender judgment and ignore facial emotions. In agreement with
the non-emotional Go/NoGo paradigm (Jonkman, 2006), this conflict
monitoring effect of NoGo N2 improves with age. In contrast, subse-
quent NoGo P3 was altered by emotional valence and thus
superimposed automatic response inhibition, which is in line with
NoGo P3 reflecting response inhibition during explicit emotional Go/
NoGo tasks (Albert et al., 2010, 2011; Spronk et al., 2008). Moreover,
this automatic response inhibition exhibited distinct interactions be-
tween age and topographical site. As age increased, automatic response
inhibition of NoGo P3 was less dependent on the prefrontal function in
adolescents. These findings are consistent with a protracted develop-
ment of inhibitory control that continues well into adulthood
(Tottenham et al., 2011). Additionally, neuroimaging studies have de-
termined the importance of the ACC in response inhibition (Chiu et al.,
2008). Taken together, these results suggest that NoGo P3 is an AER
marker to evaluate the development of the automatic response inhibi-
tory function of the ACC in adolescents.

Our observations support the dual processmodel of emotion regula-
tion that determines an imbalance between heightened emotional pro-
cessing in subcortical regions and less-effective prefrontal regulation
during adolescence (Casey et al., 2008). Thus, the regulatory system
(prefrontal cortex) in adolescents is immature and still develop into
adulthood so that adolescents aremore easily controlled by stimulus re-
sponses than adults (Casey et al., 2008; Ernst et al., 2006). However,
studies in adolescents and adults did not find an interaction between
emotional valence and age, inconsistentwith the other Go/NoGo studies
in adolescents (Cohen-Gilbert & Thomas, 2013; Tottenham et al., 2011).
Our study used the equal Go/NoGo ratio, which reduces novelty effect
on ERPs but also might reduce the inhibitory demands of the task
where a high Go/NoGo ratio is used to induce a prepotent tendency.
As a result, accuracy was higher in the NoGo trials, and the interaction
between emotion and age did not emerge in our study.

During adolescence, exaggerated emotional reactivity, for example
heightened activation of the amygdala, might increase the need for
top-down control and put adolescents at a greater risk (Hare et al.,
2008). Depressed adolescents exhibited impaired inhibitory control of
the ACC during negative stimulus processing (Maalouf et al., 2012).
Neuroimaging studies have reported greater subgenual ACC of de-
pressed adolescents in response to fearful faces during an implicit emo-
tional face task (Tao et al., 2012). In the present study, subclinical
depressive symptomswere negatively associated with NoGo P3 elicited
by negative faces. We propose that NoGo P3 amplitudes reflect auto-
matic response inhibition. This finding implies that participants with
higher BDI scores have more difficulty to automatically inhibit negative
emotional response. Thus, hypoactive automatic response inhibition
might result in the hyperactive negativity bias in participants with
MDD (Joormann and Gotlib, 2010). In contrast, anhedonia is associated
with abnormality in the reward system, for example in the ventral teg-
mental area, which projects densely to the ACC (Treadway and Zald,
2011). Decreased hedonic tone is associatedwith reductions in both au-
tomatic and effortful cognitive processing of relevant stimuli
(Somerville et al., 2011). The reduction in positive affect is frequently
observed in depressed adolescents (Davey et al., 2008). In line with
these results, adolescents in our study exhibited a positive correlation
between trait anhedonia and NoGo P3 amplitudes elicited by seeing
positive faces, indicating that participants with higher anhedonia have
more hyperactive automatic response inhibition, which might lead to
reduction in positive affect.

Our results suggest that the different aspects of the task were differ-
ently related to depressive symptoms and anhedonia in our subclinical
sample. Our sample is subclinical and their depressed states were prob-
ably temporary and did not reach the degree of clinical psychopathol-
ogy. However, the depressed state in this population could worsen if
the subjects were exposed to frustrating environmental stimuli or
events, such as rejection by their peers (Davey et al., 2008). Taken to-
gether, our results suggest that depression in adolescentsmight be asso-
ciated with impairment in AER-related positive and negative emotion
regulation. Future studies should use clinical adolescent samples to fur-
ther investigate this possibility.

In summary, our implicit emotional study extended AER-related re-
sults in adults into adolescents. Go N2 is modified by affective valence
and represents automatic top-down control of emotions, whereas
NoGo P3 has a direct link with automatic response inhibition. These
AER-related ERP components show age-dependent improvement dur-
ing adolescence. Moreover, adolescents exhibit the positive association
between trait anhedonia and NoGo P3 amplitudes elicited by positive
faces,whereas adolescents exhibit the negative association between de-
pressive symptoms and NoGo P3 amplitudes elicited by seeing negative
faces. These observations provide important insight into AER-related
impairment mechanism in MDD during adolescence.
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