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Introduction

Emotion regulation strategies

Emotion regulation (ER) involves a diverse set of control 
processes that work together in the form of strategies aimed 
at manipulating when, where, and how we experience and 
express our emotions (Gross and Thompson 2007). As pro-
posed by Gross (1998), there are at least two commonly 
used emotion regulation strategies. The first, expressive 
suppression, is an ER strategy that focuses on suppressing 
the outward expressions of emotion, albeit with little or no 
change in the ongoing internal emotion experience (Gross 
2002). The second, cognitive reappraisal, involves chal-
lenging how an individual thinks about a situation as a way 
of decreasing its emotional impact, the aim of which is to 
decrease and qualitatively change both the experience and 
the behavioral expression of emotion.

The unique deployment of cognitive reappraisal and 
expressive suppression have different consequences for 
affective, cognitive, and social functioning (Gross and 
Thompson 2007). Cognitive reappraisal as an ‘anteced-
ent’ strategy occurs early on in the emotion generation 
process, before an emotional response has fully arisen 
(Ochsner and Gross 2005). It involves the early selection 
and implementation of an ER strategy without the need 
for sustained effort over time. Long-term use of cogni-
tive reappraisal is associated with enhanced control of 
emotion, interpersonal functioning, and psychological 
well-being (Gross and John 2003). On the other hand, 
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expressive suppression is a ‘response focused’ strategy 
that occurs late in the process of emotion generation, 
once an emotional response has fully arisen, producing 
decreased expressive behavior. While it may be adaptive 
in the short term, frequent use of this strategy has been 
found to result in diminished control of emotion, inter-
personal functioning, and well-being (Gross and John 
2003).

Modes of emotion generation

An important consideration that has not been fully 
explored in current research is how the processes under-
lying the generation of emotions impact subsequent ER 
success. Emotions can be generated primarily from the 
‘bottom up’ in response to inherently emotional percep-
tual properties of a stimulus (e.g., a spider phobic seeing 
a spider) or ‘top down’ in response to cognitive inter-
pretations of an event (e.g., interpreting an ex-partner’s 
neutral behavior as distant and cold). Although every-
day emotions involve a blending or some combination 
of bottom-up and top-down processing of encounters 
(Lindquist and Feldman-Barrett 2012), at any given 
time, emotions can generally be characterized by rela-
tively stronger bottom-up or top-down generation. It is 
speculated that methods of emotion generation engage 
different psychological processes and neural systems 
(e.g., Ochsner et al. 2009) that are likewise implicated in 
some types of ER (McRae et al. 2012). Bottom-up emo-
tion generation reliably elicits activity from the amyg-
dala but is typically thought to occur outside of con-
scious awareness (Phelps and LeDoux 2005; Zald 2003). 
Top-down emotion generation also elicits activity in the 
amygdala, in addition to activation of the dorsomedial 
prefrontal cortex (PFC), the latter of which is thought 
to represent high-level self-relevant appraisals (e.g., 
Uchida et al. 2015), particularly when accessible to con-
scious awareness (Ochsner et  al. 2009). Recently it has 
been suggested that these two processes of emotion gen-
eration (i.e., bottom-up and top-down) represent emo-
tions using separable psychological processes and neural 
systems, which may make them differentially malleable 
by later ER (Otto et al. 2014). Further, the similarity in 
structures implicated in emotion generation and ER sug-
gests that a core neural dynamic may underlie how these 
systems may interact to support successful regulation. 
The reliance on similar neural circuitry implies that the 
line separating emotion generation and regulation cannot 
be defined in simple anatomical terms. Instead, various 
brain systems may perform a role in supporting success-
ful regulation depending on the context and the overlap 
between these processes.

The association between emotion generation 
and regulation

It is speculated that the interaction between emotion gen-
eration and the specific type of ER strategy employed 
will ultimately influence the success of efforts towards 
ER. For instance, top-down emotion generation involves 
bringing relevant aspects of the emotional appraisal to 
the forefront of attention. This activated representation 
may make these appraisals more accessible and amena-
ble to efforts to manipulate or change them, as is done 
during cognitive reappraisal, (i.e., top-down regulation) 
(Ochsner and Gross 2005, 2008). In the case of bottom-up 
emotion generation, emotional information is often auto-
matically elicited by physical or perceptual properties of 
the stimulus, and appraisals are not necessarily brought 
into focal attention or conscious awareness. Using a top-
down ER strategy on a bottom-up generated emotion 
would require that the negative stimulus be brought back 
into one’s active processing and conscious attention, thus 
maintaining a negative emotion that would otherwise be 
removed. This may be more effortful and require greater 
cognitive resources and as a result may have taxing con-
sequences on ER. Thus it may be more adaptive to use 
a bottom-up strategy, which focuses on down-regulating 
the expression of emotion elicited, and requires lower-
order, more automatic interpretations and cognitions. 
Therefore, it is possible that when emotion generation 
and subsequent regulation ‘match’ one another, the com-
mon underlying neural networks that these two emotion 
processes are hypothesized to share become activated and 
available to better support the ultimate success of regula-
tion efforts.

To the extent of our knowledge, there have only been 
two published studies that have directly examined the 
relationship between emotion generation and ER. McRae 
et  al. (2012) demonstrated that cognitive reappraisal is 
more effective in decreasing negative affect when emo-
tion is generated in a top-down, versus bottom-up, man-
ner. Results of this study indicate that concordance 
between generation and regulation facilitates regulation 
and when this concordance is not present, it may actu-
ally have counterproductive effects, increasing negative 
affect. Otto et  al. (2014) showed support for these find-
ings and provided novel evidence for overlapping neural 
processes between top-down ER and emotions that were 
generated in a top-down fashion. This emerging research 
is important because, until recently, there has been a ten-
dency to view ER as a relatively homogenous construct, 
which may have limited our understanding of the com-
plexity and multifaceted nature of ER, as well as is inter-
action with the mode of emotion generation. Further-
more, the few studies that have examined this relationship 
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have focused on cognitive reappraisal to the exclusion of 
other ER strategies, including expressive suppression.

Aims of the present study

In the current study, we sought to replicate and extend 
previous findings (McRae et  al. 2012; Otto et  al. 2014), 
by adding an expressive suppression condition (a com-
mon comparison condition for reappraisal), to test 
whether the facilitative effect of cognitive reappraisal 
on top-down generated emotions is specific to cognitive 
reappraisal, or true of multiple ER strategies. Our pri-
mary aim was to determine whether the way that an emo-
tion is generated influences the impact of subsequent ER 
including cognitive reappraisal, expressive suppression, 
and appraisal. As mentioned above, unique to the cur-
rent study was the inclusion of expressive suppression, in 
addition to the more traditionally studied cognitive reap-
praisal. Appraisal was also included as this condition is 
more representative of one’s ‘natural’ emotional response 
system.

As our central hypothesis, we expected there to be a sig-
nificant interaction between emotion generation and ER 
strategy with greater perceptions of ER success being asso-
ciated with an association between cognitive reappraisal 
and top-down generated emotions. This would be consist-
ent with previous studies (McRae et  al. 2012; Otto et  al. 
2014). We chose to examine these questions within the 
context of a sample of young adults who are in a develop-
mental period when ER processes are reaching maturation 
(Spear 2000), hoping that our hypothesized effect would be 
readily observed in this sample.

Methods

Participants

A total of 75 undergraduate students (77.3% females) par-
ticipated in this study. All participants were undergradu-
ates at the University of Victoria, between the ages of 19 
and 25, who had normal or corrected-to-normal vision and 
could speak and understand English (needed for testing). 
Participants were recruited via posters and flyers that were 
circulated throughout the campus and through the research 
in psychology participant pool. On average, participants 
were 20.78  years old (SD = 1.7, range 19–25 years old), 
and had a mean of years of education of 13.81 (SD = 1.07, 
range 12–16 years). The ethnic composition of this sample 
included 2.7% Afro-Canadian, 10.7% Asian, 77.3% Cauca-
sian, 4% Indian and 5.3% other.

Measures

Emotion regulation paradigm

For a comprehensive description of both the task training 
procedures and the ER task, we refer readers to Vander-
hasselt et al. (2013). In brief, participants were shown a 
series of aversive pictures from the International Affec-
tive Picture System (IAPS; Lang et al. 1997) intended to 
generate temporary negative emotions1. The stimulus set 
has been shown to have mean arousal values >6 and 
mean valence ratings <4 based on normative ratings from 
a previous study (Vanderhasselt et al. 2013). We modified 
the task by also using emotionally evocative linguistic 
stimuli that have been found effective in other studies 
(e.g., negative sentences such as “Her son is in the burn-
ing building” were used from McRae et  al. 2012). As 
such, linguistic stimuli in this study were considered trig-
gers for top-down emotion generation, whereas pictures 
were triggers for bottom-up emotion generation. The 
stimulus set consisted of 45 negative pictures from the 
IAPS and 45 negative sentences. Each stimulus was 
shown only once for each participant. Although we 
acknowledge that the current literature remains equivocal 
in terms of clearly identifying top-down and bottom-up 
stimuli, our study was designed as a partial replication of 
findings from previously published studies in this area, 
using the same stimuli (McRae et al. 2012; Vanderhasselt 
et al. 2013).

Rather than allowing their own preference or ‘default’ 
ER strategy, participants were directly instructed by the 
researcher to ‘suppress’, ‘reappraise’ or ‘appraise’ their 
emotions in response to aversive stimuli. Participants 
provided a relative rating of their negative affect by 
answering the question, “How successfully were you able 
to reappraise/suppress/appraise your negative feelings 
elicited by the picture/sentence?” For the purpose of this 
study we focused on cognitive reappraisal and expres-
sive suppression. A third condition, appraisal, was used 
as a break for participants to “do nothing” and naturally 
respond to the stimuli presented on the screen, thereby 
serving as a control condition as has been employed in 
other research (Vanderhasselt et  al. 2013). Specifically, 
in the appraise condition, participants were instructed to 
respond naturally to the aversive stimuli and to not apply 
any explicit ER strategy. The success rating is indicative 

1 IAPS Picture Numbers used were as follows: 1022, 1120, 9252, 
8230, 9423, 6560, 9910, 9181, 3051, 9911, 6350, 6825, 6313, 6230, 
9421, 1310, 6370, 1304, 6211, 6312, 1070, 6213, 6550, 1525, 2811, 
9050, 9921, 6834, 1205, 8485, 6212, 9254, 1050, 9400 9420, 9571, 
6250, 6021, 6570, 2683, 6200, 1201, 9635, 1052, 9185 jpgs.
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of an evaluation of ‘relative negative affect’ based on the 
application of an explicit ER strategy. Descriptive sta-
tistics associated with perceived ER success rating (i.e., 
a subjective impression of successful ER rather than 
the intensity of experienced emotion) can be found in 
Table 1.

All stimuli were presented on an Acer Aspire 5741 lap-
top and were displayed on a 15.6-inch screen by means of 
E-Prime 2.0 software (Schneider et al. 2002). Testing was 
conducted in a small quiet testing room, free of any distrac-
tions (e.g., windows or other visual distractions).

Task

During the ER paradigm (see Fig. 1) participants were cued 
to suppress, reappraise, and appraise a series of 90 ran-
domly intermixed trials in three blocks. The order of the 
instructions was randomized between blocks and for each 

participant. Each trial started with a fixation cross (0–1.5 s, 
jitter in steps of 500 ms) followed by a cue word (suppress, 
reappraise or appraise). This cue word appeared centrally 
on the screen for 3 s, after which a blank screen was pre-
sented (1–9 s, jitter in steps of 500 ms and mean duration 
of 4.5 ms). This cue-offset time enabled participants to pre-
pare for the instructed ER strategy. Subsequently, a nega-
tive, high arousing image or sentence appeared centrally 
for 10 s. Although the image or sentence remained on the 
screen, participants performed the ER or appraisal speci-
fied by the prior instructional cue.

Task training

To standardize how participants applied the different 
instructions (appraise/suppress/reappraise), they were 
trained for ±20 min beforehand. The training instructions 
used in this study are those employed in previous research 
conducted by Vanderhasselt et  al. (2013). The number of 
practice trials differed between participants depending on 
when they achieved a minimum level of understanding or 
proficiency in suppression, reappraisal, and appraisal. Par-
ticipants were also trained to enhance preparatory control 
supporting the specific strategy they were instructed to 
employ. During the preparation phase, participants were 
told that an unpleasant, affect-laden stimulus (picture or 
sentence) would appear in all trials. For the cognitive reap-
praisal and expressive suppression instruction participants 
were instructed to down-regulate and maintain control over 
the expression of their feelings respectively.

Table 1  Descriptive for perceived emotion regulation success rating

Perceived emotion regulation success 
rating

Mean (SD) Range

Reappraisal sentences 3.35 (0.47) 2.1–4.0
Reappraisal pictures 2.98 (0.54) 1.9–4.0
Suppression sentences 3.28 (0.48) 2.1–4.0
Suppression pictures 2.93 (0.56) 2.0–4.0
Appraisal sentences 3.10 (0.56) 1.6–4.0
Appraisal pictures 2.75 (0.61) 1.7–4.0

Fig. 1  Emotion regulation task refined from Vanderhasselt et al. (2013). ‘Put on your poker face’: neural systems supporting the anticipation for 
expressive suppression and cognitive reappraisal. Social Cognitive and Affective Neuroscience
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During the practice phase, participants were asked to 
verbally state what they were thinking during the prepara-
tion (cue) and picture/sentence (target) phase. This way, the 
preparation and actual target phase was standardized across 
all participants. For all the stimuli, participants were told 
not to look away and to concentrate on the stimuli during 
the time it was projected on the computer screen.

Report of perceived ER success

Immediately subsequent to the presentation of every indi-
vidual stimulus, participants were asked to report how suc-
cessful they were in down-regulating negative affect based 
on the application of the explicit ER strategy to control their 
negative emotions. As mentioned above, participants were 
asked the following question after the presentation of each 
stimulus: “How successfully were you able to reappraise/
suppress/appraise your negative feelings elicited by the pic-
ture/sentence?” Thus, perceived ER success was operation-
alized using a Likert scale that allowed them to rate how 
successful they were in regulating or appraising their nega-
tive emotions (1 = not at all to 4 = very good) following the 
presentation of each aversive stimulus. Successful ER was 
indexed as a mean rating of >3 on a Likert scale from 1 
to 4, which suggests that participants were able to regulate 
their emotions elicited by the stimuli presented (i.e., ER 
success indexed by down regulation of negative emotion). 
The final index of perceived ER success was obtained by 
first summing the success rating for every individual stim-
ulus, and then taking the average score (i.e., for cognitive 
reappraisal and expressive suppression separately). Suc-
cessful cognitive reappraisal implies that the participants 
were able to down-regulate negative feelings, whereas suc-
cessful expressive suppression implies that they were able 
to not show their feelings on an outward level. All together, 
the success rating is indicative of an evaluation of ‘relative 
negative affect’ based on the application of an explicit ER 
strategy. It is important to note that an attempt was made 
to obtain measures of momentary affect, however, given a 
corruption in the computer program this was not recorded 
correctly. Specifically, at the end of the ER paradigm, par-
ticipants were asked to rate the arousal and valence for each 
of the stimuli. As such, the effects that are reported are 
dependent on participant’s judgment of success rather than 
an objective rating of their momentary affect or expression. 
Finally, the word ‘RELAX’ appeared on the screen for 4 s, 
which allowed participants to relax until the presentation of 
the next trial.

Procedures

The Human Research Ethics Board at the University of 
Victoria approved the experimental protocol for this 

study. Participants provided informed consent and then 
were asked to fill out a record of participation, which 
required their name, date, and contact information. Sub-
sequent to this, each participant was associated to a ran-
domly assigned identification number in order to main-
tain confidentiality of further data collection.

This study consisted of one session lasting approxi-
mately 2  h. Participants were first asked to complete a 
demographic and life-stress questionnaire followed by 
the self-report scale of ER. Participants then began the 
training phase of the computerized ER task for approxi-
mately ±20  min. The number of practice trials differed 
between participants depending on when they achieved 
a minimum level of understanding or proficiency in 
suppression, reappraisal, and appraisal. After success-
fully completing the training phase, participants began 
the test phase of the ER task. In each phase of the test, 
instructions were displayed on the computer screen and 
the experimenter sat quietly outside of the testing room. 
When participants were finished the computerized testing 
they notified the experimenter and this marked the com-
pletion of the experiment.

Results

Interactions between emotion generation and regulation

Table  1 provides descriptive statistics for participants’ 
subjective impression of successful ER as a function of 
regulation condition (i.e., cognitive reappraisal, expres-
sive suppression, appraisal) and emotion generation 
condition (i.e., sentences, pictures). With the independ-
ent variables of generation (sentences and pictures) and 
regulation (cognitive reappraisal, expressive suppression, 
and appraisal), we conducted a 2 × 3 analysis of variance 
(ANOVA) to test the hypothesis that the way that an emo-
tion is generated interacts with the ER strategy deployed 
to predict perceived ER success. Results indicated a non-
significant interaction effect [F (2, 449) = 0.041, p = .960, 
partial η² = 0.000]. We did, however, observe a significant 
main effect of generation [F (1, 449) = 49.54, p < 0.001, 
partial η2 = 0.100] such that top-down generated emo-
tions (i.e., those elicited by negative sentences) were bet-
ter regulated by each of cognitive reappraisal, expressive 
suppression, and appraisal compared to bottom-up gener-
ated emotions (i.e., those elicited by the presentation of 
negative images). We also found a main effect of regu-
lation strategy [F (2, 449) = 8.08, p = < 0.001, partial η2 
= 0.035], such that participants were most successful at 
regulating their emotions using cognitive reappraisal.
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Discussion

In the present study, we aimed to replicate and extend the 
emerging literature examining the interaction between 
emotion generation and ER on perceived ER success. 
Although our findings did not show an interaction effect 
between method of emotion generation and regulation, we 
found support for a main effect of emotion generation and 
a main effect of ER on individual’s perceived success at 
regulating their emotions. Specifically, we found that top-
down generated emotions (i.e., sentences) were better regu-
lated by all three regulation strategies (i.e., cognitive reap-
praisal, expressive suppression, and appraisal) as opposed 
to bottom-up generated emotions (i.e., pictures). The spe-
cific success of cognitive reappraisal on top-down gen-
erated emotions (i.e., the main effect of ER) is consistent 
with findings from previous research (McRae et  al. 2012; 
Otto et al. 2014) indicating that individuals are better able 
to cognitively reappraise emotions when triggered by more 
top-down stressors.

The main effect of emotion generation, however, was 
an unexpected finding—the fact that all three ER strate-
gies (i.e., cognitive reappraisal, expressive suppression, and 
appraisal) better regulated top-down generated emotions 
more effectively than bottom-up emotions. This finding 
could be interpreted in several ways. First, it could indicate 
that top-down generated emotions are easier in general to 
regulate. Because they involve conscious cognitive elabo-
ration including high-level self-relevant appraisals (e.g., 
Uchida et  al. 2015), they are likely associated with more 
controlled processing, therefore happening on a slower 
time-scale and thus more amenable to subsequent regula-
tion. This is in contrast to bottom-up generated emotions 
that are immediate and automatic and often thought to 
occur outside of conscious awareness (e.g., Goldin et  al. 
2008), which may place greater demands on the regulation 
system.

An alternative interpretation is that, although we con-
ceived of expressive suppression as a bottom-up regulation 
strategy, it is possible that within the context of our study, 
it also functioned as a top-down strategy, and this is why 
it was successful in regulating top-down generated emo-
tions. In fact, the literature indicates that bottom-up ER 
strategies are still incompletely understood and defined in 
the literature, and there is even debate over which ER strat-
egies can be defined as a “bottom-up” (e.g., Chiesa et  al. 
2013). Moreover, the functionality of strategies such as 
expressive suppression may be dependent on the context. 
For example, Mauss et al. (2007) make the argument that 
adults with avoidant attachment styles may have learned in 
early life that expression of (negative) emotion is incom-
patible or ineffective with regards to goals related to one’s 
caregivers (Shaver and Mikulincer 2007). Into adulthood, 

such individuals may then learn to routinely inhibit nega-
tive emotional impulses (Kobak et al. 1993; Mikulincer and 
Shaver 2003), a process which becomes automatized over 
time, and as such would represent a bottom-up ER strategy. 
Conversely, other literature suggests that use of expressive 
suppression involves activation of executive control areas 
including prefrontal cortex, which would suggest top-down 
control (Silvers et  al. 2013). However, it is important to 
note that such studies are typically laboratory-based, exper-
imental studies whereby participants are explicitly told 
how to regulate emotion, which would by definition infer 
the need for some degree of conscious control regardless of 
strategy type. That is, in the current study, by telling par-
ticipants when to use expressive suppression, this may have 
inadvertently turned it into a top-down strategy, whereas 
in daily life it might occur more spontaneously and auto-
matically as a bottom-up strategy. With this interpretation 
in mind, it is not surprising, then, that expressive suppres-
sion successfully regulated top-down generated emotion, 
and incidentally provides further support for understand-
ing nuances in the interaction between generation and 
regulation.

Concerning the interaction between top-down gener-
ated emotion (i.e., sentences) and cognitive reappraisal, 
some researchers have speculated that this interaction is 
subsumed by cognitive and neural processes recruited 
simultaneously by both reappraisal and top-down gener-
ated emotions (Otto et al. 2014). Interestingly, researchers 
have drawn similarities between this hypothesized process 
overlap and a property of memory known as transfer-appro-
priate processing (TAP; Roediger et  al. 1989). TAP rests 
on the notion that some types of cognitive performance, 
including memory, are state-dependent. Otto et  al. (2014) 
recently extended this process-overlap framework to the 
context of emotions. They found that cognitive reappraisal 
and emotions that were generated from the top-down 
shared a specific core network (i.e., prefrontal, temporal, 
and cingulate regions), whereas there was no such overlap 
between cognitive reappraisal and emotions that were gen-
erated in a bottom-up fashion.

To our knowledge, the process overlap framework 
has not yet been extended to expressive suppression and 
research in this area is still very novel. The tendency to 
focus on cognitive reappraisal is perhaps unsurprising 
given the predominating role of cognitive models of emo-
tion in the literature (Ochsner and Gross 2005), as well as 
the ubiquity of cognitive therapy for mood and anxiety dis-
orders characterized by negative affect (Beck 2011). There 
is still great debate in current literature about whether 
expressive suppression can be viewed as a top-down or bot-
tom-up ER strategy. If “bottom-up” implies automatic or 
outside of conscious awareness, then perhaps participants 
reflexively use this strategy in naturalistic environments; 
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however, in a lab setting the ecological validity likely is 
reduced. This could explain why we found a significant 
main effect of generation, whereby participants had the 
impression that top-down generated emotions were better 
regulated by both cognitive reappraisal and expressive sup-
pression. As discussed previously, in the context of the cur-
rent study there is a strong possibility that expressive sup-
pression functioned more as a top-down ER strategy, given 
that participants were extensively trained and instructed to 
utilize this technique on command. Given that bottom-up 
regulation is largely an automatic process, by explicitly tell-
ing participants how to suppress their emotion may have 
caused this ER strategy to become more of a top-down 
cognitive technique. Our findings contribute to the extant 
literature on expressive suppression that appear to largely 
be in its infancy. It is still unclear as to whether expressive 
suppression can be viewed as a bottom-up or top-down 
strategy; however, our results shed light on the importance 
of considering context when understanding how ER strate-
gies are functioning.

The processing of bottom-up stimuli is often uncon-
scious and relatively automatic (Phelps and LeDoux 
2005), and occurs with less frequency compared to top-
down emotions. Our findings highlight the need to exam-
ine whether the process overlap framework does in fact 
extend to bottom-up methods of emotion generation and 
regulation. One possible factor that is hypothesized to 
contribute to bottom-up emotion generation and regula-
tion is one’s level of interoceptive awareness. Physical 
cues for emotion, cognition, and behavior may be cen-
tral to facilitating bottom-up emotion processes, which 
are usually unconscious and relatively automatic as dis-
cussed above (Phelps and LeDoux 2005). Individual dif-
ferences in interoceptive awareness may predict success 
in regulating bottom-up emotions. In fact, evidence-based 
treatments for specific anxiety disorders (e.g., phobias, 
trauma) typically include exposures (including interocep-
tive exposure), whereby instead of engaging in avoidance 
strategies individuals learn to tolerate intense emotions 
(Nacasch et al. 2015). While the majority of studies exam-
ining the process model focus on cognitive reappraisal 
and expressive suppression, few directly examine the 
“appraise” instruction, which may be closer to an expo-
sure strategy and thus more effective in bottom-up regula-
tion. Thus, future studies may benefit from directly exam-
ining the impact of pure appraisal in regulating bottom-up 
emotions.

Finally, the unexpected finding regarding greater dif-
ficulties regulating bottom-up generated emotion as 
opposed to top-down generated emotion (i.e., the main 
effect of generation) may be a function of the develop-
mental characteristics of the participants in our study. 
Research indicates that the period from adolescence 

to young adulthood is marked by enhanced bottom-up 
emotional processing in subcortical regions, and con-
sequently heightened emotional reactivity (Casey et  al. 
2008). This is coupled with the ongoing development 
of the PFC, which is thought to create an imbalance in 
emotion processes. Thus it seems reasonable that par-
ticipants in this sample may have had more difficulty 
regulating bottom-up generated emotions given that 
emotions generated in a bottom-up manner are hyper-
active during this stage of life. Moreover, this competi-
tion between enhanced activity in subcortical emotional 
processing systems and less mature top-down prefrontal 
systems may have also made participants in this sample 
more vulnerable to the effects of bottom-up generated 
emotions. Future studies should work to replicate these 
findings and extend them across different age groups and 
developmental periods to better understand the relation-
ship between bottom-up emotion generation and regula-
tion processes.

Overall, this study represented the initial founda-
tions of work on this topic, which the authors are pursu-
ing further, by incorporating an objective physiological 
measure (i.e., heart-rate variability) as an index of emo-
tion regulation. This is not to discount the validity of indi-
vidual’s own first-person report of emotional experience. 
Mauss and Robinson (2009) conducted a comprehensive 
review of the extant literature on measures of emotions, 
acknowledged the multi-faceted and complex nature of 
emotional experience. The results of this review indicated 
that, across different response systems, evidence suggests 
that different measures of emotion reflect different dimen-
sions rather than discrete states. Thus, the results of the 
present study add an important and initial piece to our 
ongoing understanding of emotional experience. Given 
that research indicates there is no “gold standard” of emo-
tional responding, it is important for future research to 
continue to examine the unique variance contributed by 
self-reported emotional experience, behavioral task per-
formance, and physiological responding as each provides 
different, unique sources of information about emotional 
experience, with no one source better or more valid than 
the other. It is hoped that in future work, we can examine 
the concordance and discordance between these differ-
ent methods, which could provide useful information on 
other higher-order constructs such as, self-awareness and 
alexithymia.

Limitations and future directions

Despite the current contributions, some limitations 
should be addressed. First, our sample was fairly homo-
geneous in terms of age and educational background, 
which may limit the generalizability of the results. 
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Future studies would benefit from a more diverse sam-
ple, including young persons from contexts where there 
may be a greater range of psychopathology symptoms 
reported (e.g., mental health clinics), leading to greater 
variation in emotional experience. Additionally, the inte-
gration of biomarkers such as functional neuroimaging 
or heart-rate variability (e.g., Pu et al. 2010), not avail-
able in our study, may provide greater understanding of 
a proposed shared neural basis for matching systems. It 
is important to note that an attempt was made to obtain 
measures of emotional reactivity and self-reported 
affect during the ER paradigm, acknowledging that self-
reported ER success is not equivalent to reported affect 
per se. However, given a corruption in the computer 
program we were not able to access or analyze this data. 
Thus, although it was not an oversight in the current 
study, future research should aim to account for emo-
tional reactivity and self-reported momentary affect as a 
part of the ER paradigm (e.g., see Vanderhasselt et  al. 
2013). Lastly, we acknowledge that, in the context of 
our study, we did not include a naturalistic observation 
of the use of ER strategies nor the elicitation of emo-
tion. Future work should focus on better empirically test-
ing whether expressive suppression can be viewed as a 
bottom-up automatic process or a top-down ER strategy. 
Specifically telling participants that they have to expres-
sively suppress their emotion in response to aversive 
sentences and images may bring what would be natu-
ralistic and outside of conscious awareness to the fore-
front of their attention, making bottom-up ER become 
more of a top-down process, and might therefore explain 
why it also better regulated top-down generated emo-
tion. We believe that it is fair to discuss this in terms 
of a limitation of our study and for future efforts to be 
geared toward more clearly understanding bottom-up ER 
strategies.

In summary, we found that overall we are better able at 
regulating top-down generated emotions (i.e., sentences). 
Further, we appear to be better at engaging in cognitive 
reappraisal to successfully regulate our emotions, com-
pared to expressive suppression and appraisal (i.e., react-
ing naturally to a situation). Our findings, although not 
finding a main effect between emotion generation and 
regulation, does show that type of emotion regulation 
strategy and the way in which our emotions are generated 
are both unique and important pieces in understanding 
one’s emotional experiences
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