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A B S T R A C T

Aims: The use of emotion regulation strategies can reduce the intensity of negative emotional experiences. Event
related potentials (ERPs), specifically the late positive potential (LPP), are known to be sensitive to this mod-
ulation in adults. This is the first study to explore the neural correlates of expressive suppression in adolescents.
We sought to replicate previous findings from emotion regulation studies with adult populations, show that the
LPP can be modulated by expressive suppression in healthy adolescents, and examine the influence of age on LPP
changes.
Method: ERPs of 53 healthy adolescents (12–17 years old) performing an emotion regulation task (expressive
suppression) were recorded.
Results: Expressive suppression altered the LPP in adolescents with both increases and decreases noted de-
pending on time window and recording site. The LPP during expressive suppression was decreased with in-
creasing age.
Conclusions: The findings suggest that 1) the LPP is an effective tool to study processes associated with emotion
regulation in adolescents, and 2) expressive suppression, in terms of its neural indicators, seems to become more
effective with age. The nature and utility of expressive suppression as a specific form of emotion regulation in
adolescents are discussed.

1. Introduction

The ability to regulate one’s emotions is considered essential for
mental health (Berking, Wirtz, Svaldi & Hofmann, 2014; Sheppes,
Suri & Gross, 2015; Tortella-Feliu, Balle & Sesé, 2010; Van
Rheenen & Rossell, 2014). Difficulties in emotion regulation are a key
feature characterizing multiple psychopathologies across the lifespan
(Aldao, Nolen-Hoeksema & Schweizer, 2010; American Psychiatric
Association, 2013; Fernandez, Jazaieri & Gross, 2016; Sheppes et al.,
2015). Emotion regulation is thought to involve interactions between
multiple cognitive-affective-behavioral processes and is widely re-
searched in adults (e.g., Butler & Randall, 2013; Campbell-
Sills & Barlow, 2007) and children (e.g., Adrian, Zeman & Veits, 2011;
Gresham &Gullone, 2012; Kim-Spoon, Cicchetti & Rogosch, 2013;
Lewis, Lamm, Segalowitz, Stieben & Zelazo, 2006; Zeman, Cassano,
Perry-Parrish, & Stegall, 2006). Adolescence is a developmental phase
which presents with increased demands to regulate one’s emotions and

behavior during a time characterised by multiple neurophysiological,
psychological, and social changes (Casey, 2015; Fuhrmann et al., 2015;
Shulman, Harden, Chein & Steinberg, 2014). Despite this, only a rela-
tively small number of studies, using mainly self-report methodologies,
have explored emotion regulation during adolescence
(Gresham&Gullone, 2012; Penela, Walker, Degnan, Fox &Henderson,
2015; Silvers et al., 2012; Zimmerman & Iwanski, 2014), and the asso-
ciations of emotion regulation with psychopathology (Esbjørn, Bender,
Reinholdt-Dunne, Munck & Ollendick, 2012; Garnefski, Kraaij & van
Etten., 2005; Silk, Steinberg &Morris, 2003). Thus, the empirical study
of emotion regulation processes in adolescence requires continued de-
velopment.

1.1. Emotion generation and regulation strategies

In the process model of emotion regulation (Gross, 2015; Sheppes
et al., 2015), emotional experience and expressions arise as an
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individual attends to and interprets the current situation in terms of
relevance to his goals. The generation of emotion and emotion reg-
ulation is considered to be complex dynamic processes that unfold over
time. While emotion generation is considered to occur mainly in the
earlier stages of this model, the emotion regulation strategies subse-
quently chosen can give rise to a new cycle of emotion experiences and
later regulation attempts, thus resulting in continuous multiple inter-
actions across stages. These processes are impacted by the way other
people react and the general situation. Overall the processes described
appear to include a wide variety of emotion regulation dynamics which
differ based on time, interpersonal context and environmental feed-
back.

Five stages of emotional regulation processes are suggested by
Gross: situation selection, situation modification, attentional deploy-
ment, cognitive change (e.g reappraisal), and response modulation (e.g
suppression). Each of these processes is thought to differ in relation to
the point in time at which they can be deployed and in the primary
impact they have on the emotion generation process. The first four are
considered to be antecedent focused and influence the emotion-gen-
eration cycle before emotions are fully expressed. Response modulation
is considered to be focused on behavioral expressions, occurring once
earlier processes such as situation selection and attentional deployment
have been deployed (e.g., covering or hiding already generated emo-
tions). As suggested by Gross and Feldman Barrett (2011), there are
various theoretical perspectives on emotion (e.g., basic, appraisal, so-
cial construction) that all suggest that emotion-related episodes unfold
over time. However, Gross and Feldman-Barrett note that the same
emotion-related process can be considered generative or regulative
depending on whether they occur towards the beginning or end of an
emotional episode.

There is no a priori assumption about a particular form of emotion
regulation being “good” or “bad” (Thompson, Lewis & Calkins, 2008).
Some researchers have tended to make the distinction between cogni-
tive change (reappraisal) as an adaptive response, and response mod-
ulation (suppression) as having negative physiological and inter-
personal consequences (Gross, 1998a, 1998b; Sheppes et al., 2015).
Other recent studies tend to show that whether an emotion regulation
strategy, such as expressive suppression, is effective or adaptive is
context dependent (Paul, Simon, Kniesche, Kathmann & Endrass, 2013;
Zimmerman & Iwanski, 2014; English et al., 2016). One might say that
an excessive reliance on any one emotion regulation strategy, or dis-
regarding the situational demands and context, may lead to adverse
consequences. For example, persistent or chronic situation selection,
such as avoiding difficult emotionally arousing social situations may
give rise to social anxiety. On the other hand, attentional deployment
may in some circumstances lead one to miss important situational and
social information (Campbell-Sills & Barlow, 2007; Werner & Gross,
2010).

1.2. Neural correlates of emotion generation

While the neuroscientific investigation of emotion often uses func-
tional magnetic resonance imaging (fMRI), the use of the electro-
encephalogram (EEG) is also essential to understand brain dynamics
associated with emotion generation and regulation. Averaged trials of
EEG time locked to stimulus events (e.g., images, sounds, words) are
known as event related potentials (ERPs), which reflect event-related
synchronous activity of neuronal ensembles recorded by scalp elec-
trodes. EEG allows for millisecond-level resolution, which is crucial for
studying the fast temporal brain dynamics of emotion generation and
regulation (Hajcak, MacNamara &Olvet, 2010). Many ERP studies
looking at emotional processing and regulation have focused on the late
positive potential (LPP), which is a midline ERP observable around
300 ms after stimulus onset and which lasts for at least several hundred
milliseconds (Hajcak et al., 2010). The LPP has been shown to increase
significantly in response to emotional images compared to neutral

images (including scenes and faces with neutral content, Kujawa,
Klein &Hajcak, 2012). However, some studies show that the LPP may
be driven primarily by the arousal content of emotional images, as the
LPP was not sensitive to the specific valence (positive vs negative) of
the presented images (e.g., Cuthbert, Schupp, Bradley,
Birbaumer & Lang, 2000; Keil, Moratti & Stolarova, 2003). The mod-
ulation of the LPP by emotional stimuli is most visible in occipital,
parietal, and central EEG channels (Hajcak et al., 2010). It is thought
that LPP enhancement observed when emotional stimuli are presented
may reflect the downstream effects of early amygdala activation in the
visual occipital cortex (de Rover et al., 2012).

1.3. Neural correlates of emotion regulation

In addition to being sensitive to the emotional content of stimuli in
general, it is suggested that the time course of the LPP is an index of
emotion regulation processes. Several studies have shown LPP sensi-
tivity to various emotion regulation strategies such as reappraisal
(Foti & Hajcak, 2008; Hajcak &Nieuwenhuis, 2006; Paul et al., 2013;
Thiruchselvam, Blechert, Sheppes, Rydstrom&Gross, 2011), distraction
(Paul, Kathmann & Riesel, 2016; Thiruchselvam et al., 2011; Uusberg,
Thiruchselvam &Gross, 2014), and suppression (Moser, Hajcak,
Bukay & Simons, 2006; Paul et al., 2013). Distraction (Paul et al., 2013;
Thiruchselvam et al., 2011), expressive suppression (Paul et al., 2013)
and cognitive suppression (Moser et al., 2006) seem to influence the
earlier time windows of the LPP starting around 300 ms. Other studies
have shown that cognitive reappraisal can influence both late (Paul
et al., 2013; Thiruchselvam et al., 2011), and earlier time windows
(Hajcak &Nieuwenhuis, 2006; Krompinger, Moser & Simons, 2008;
Wessing, Rehbein, Postert, Fürniss & Junghöfer, 2013). It has been
suggested that the earlier positivity recorded in these studies is possibly
associated with attending to the stimulus, while the later positivity
reflects the cognitive-semantic elaboration of the stimulus (Schupp,
Flaisch, Stockburger & Junghöfer, 2006).

1.4. Neural correlates of emotion generation and regulation in children and
adolescents

Childhood and adolescence involve a range of normative brain and
psychological changes in terms of emotional experience, regulation,
and behavior (Casey, 2015; Fuhrmann et al., 2015; Stephanou et al.,
2016). Several brain imaging (e.g., Kadosh et al., 2016; McRae et al.,
2012; Perlman & Pelphrey, 2011; Vijayakumar et al., 2014) and beha-
vioral studies (e.g., Brenning, Soenens, Van Petegem &Vansteenkiste,
2015; Tottenham, Hare & Casey, 2011; Zimmerman & Iwanski, 2014)
suggest that emotion regulation improves with brain development. The
linear improvement with age between adolescents and young adults in
emotion regulation was associated with the differential activity in re-
gions closely associated with reappraisal in adults, including greater left
ventrolateral prefrontal cortex (PFC) activity, and decreased temporal-
occipital and amygdala activity (McRae et al., 2012; Silvers et al., 2016;
Stephanou et al., 2016). Further, there is evidence that emotion reg-
ulation becomes more selective and effective with age, as adults adapt
the way in which they manage emotions based on experience and the
demands of the situation (Carstensen, Fung & Charles, 2003).

Although there are a large number of brain imaging studies with
children using emotional stimuli such as faces and other images, only a
small number of studies have focused on the LPP in children, and fewer
still on emotion regulation tasks. Hajcak and Dennis (2009) used age
appropriate images from the International Affective Picture System
(IAPS; Lang, Bradley & Cuthbert, 2008) and found that, similarly to
adults, children (5–8 years old) produced increased LPP in response to
emotional images relative to neutral ones. However, in this age group
LPP activity seemed more focused at occipital regions as opposed to
more centrally-focused LPPs found in adults. Dennis and Hajcak (2009)
also demonstrated that emotion regulation strategies modulated the

A. Desatnik et al. Biological Psychology 129 (2017) 52–61

53



https://isiarticles.com/article/119607

