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The simultaneous use of Emotional 
suppression and Situation selection to regulate 
emotions incrementally favors physiological 
responses
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Abstract 

Background: Emotion regulation alters the trajectories of emotional responses and, when effective, transforms the 
emotional responses to help individuals adapt to their environment. Previous research has mainly focused on the effi‑
ciency of regulation strategies performed individually at a given time. Yet, in daily life, it is likely that several strategies 
are often combined. Thus, we question in this study the combinatorial efficiency of two emotion regulation strategies, 
Situation selection and Emotional suppression.

Methods: In a within‑subject design, sixty‑five participants were asked to implement either no strategy, Situation 
selection only, Emotional suppression only, or both strategies together (four conditions) while looking at various emo‑
tionally charged images. Experience, expressivity, and physiological arousal were recorded throughout the viewing. 
Repeated‑measures ANOVAs and corrected post‑hoc tests were used for analyzing the data.

Results: The results of the combined strategies showed that Emotional suppression canceled the beneficial impact 
of Situation selection on negative experience, while significantly increasing the impact on cardiac activity. The use of 
both strategies together had a greater effect on respiratory function with an enhanced decrease in respiratory rate 
and amplitude.

Conclusions: The combinatorial effect of emotion regulation strategies is different according to the emotional 
response that the individual needs to regulate. The simultaneous use of Situation selection and Emotional suppression 
could be particularly beneficial to relieve physiological symptoms.
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Background
Emotion is a central aspect of psychological functioning, 
generally defined as a rapid psychological process leading 
to changes in behavior [1]. Emotion usually emerges fol-
lowing a situational trigger that is processed. It results in 
a set of experience, expression, and physiological arousal 

patterned responses, which help the individual adapt to 
the changing environment [2, 3].

Because of social display rules, personality, and individ-
ual preferences, a significant part of emerging emotional 
episodes are regulated [4]. Emotion regulation refers 
to “the processes by which individuals influence which 
emotions they have, when they have them, and how they 
experience and express these emotions” ([5, p. 275]). 
Emotion regulation alters the trajectories of the emotion 
responses and shapes the resultant affective reactions. 
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Emotion regulation has been found to play a crucial role 
in healthy adaptation [6, 7] and efficient social function-
ing [8]. In contrast, difficulties in emotion regulation are 
associated with substance dependencies [9], anxiety and 
mood disorders [10–13], increased posttraumatic stress 
disorder [14], and personality related symptoms and 
pathologies [15–17]. Therefore, reaching functional emo-
tion regulation is crucial in promoting individuals’ well-
being and adaptation to the environment.

One influential model of emotion regulation is the Pro-
cess Model of Emotion Regulation [18, 19]. It presents 
five typical strategies used at different times along the 
emotion generative process: Situation selection and Situ-
ation modification, which intervene before the emotional 
situation, Distraction and Reappraisal, which intervene 
simultaneously to the emotional situation, and Suppres-
sion, which modulates emotional responses once they 
have occurred. When questioning the relative efficiency 
of the different emotion regulation, strategies such as 
Reappraisal (i.e., changing the meaning of an emotional 
situation) or Suppression (i.e., modifying a behavior, 
mainly the emotion expressivity, to hide its manifesta-
tion) have drawn considerable attention. However, other 
strategies, such as Situation selection, have unfortunately 
received less consideration.

Situation selection “involves taking actions that make 
it more (or less) likely that we will end up in a situation 
we expect will give rise to desirable (or undesirable) emo-
tions.” ([20] , p.11) (see also [21]). Situation selection was 
first considered as a unitary concept. However, it may 
operate through two different mechanisms [22]. The first 
one is related to the chosen situation: when compara-
tively evaluating the available options, people generally 
choose the one they expect to have the more pleasurable 
emotional outcomes [23, 24]. For example, if given the 
choice between calling a dear friend or doing some clean 
up, people will likely anticipate more positive emotions 
from the first situation. The consequence of Situation 
selection may here be due to the selected option being 
intrinsically more positive. In the second mechanism, 
Situation selection acts through the empowering action 
of making a decision about one’s own emotions. Thus, 
regardless of the options presented or selected, emo-
tional responses to two identical situations might differ 
depending on whether the situation is chosen or not. For 
example, if on a chore list remains only “Paying the bills” 
(no other option to take instead), this activity will trigger 
more negative emotions than if, among the less pleasur-
able duties to perform, we select (Situation selection) 
“Paying the bills” instead of something else. This would 
be a consequence of Situation selection itself rather than 
a consequence of the intrinsic emotional value of the sit-
uation. A recent study in our lab examined this question 

by using a special within-subject protocol contrasting 
reactions to identical emotional stimuli under two dif-
ferent conditions: a) when a stimulation was chosen, and 
b) when the same stimulation was presented without any 
prior choice procedure [22]. Results showed that hav-
ing the choice in negative situations decreased negative 
experience, skin conductance, and respiration reactivity, 
while enhancing expressivity and cardiovascular reactiv-
ity. In contrast, choosing a positive image before seeing it 
did not affect its positive value.

In the process model of emotion regulation, Situation 
selection operates before the situation occurs, allowing 
other emotions regulation strategies to be used together 
with Situation selection. In everyday life, individuals have 
at their disposal a wide range of emotion regulation strat-
egies and it is likely that individuals combine them to 
cope with emotions. Indeed, 65% of participants watch-
ing a disgusting video clip are shown to use more than 
one emotion regulation strategy [25]. Moreover, across 
10 emotional situations, between 78 and 92% of partici-
pants report using more than one emotion regulation 
strategy [26]. Finally, while looking to the extent to which 
participants combine instructed and uninstructed emo-
tion regulation strategies, a study found that a significant 
proportion of participants reported using more than one 
emotion regulation strategy simultaneously [27].

Although the literature considers the combined use 
of emotion regulation strategies [28], there is still a lack 
of evidence of the potential interaction effect of multi-
ple emotion regulation strategies implemented simulta-
neously. So far, research mainly focused on how much 
respondents use different single strategies [29–31]. This 
question is also related to the field of regulation flex-
ibility, which assumes that strategies can be used in a 
sequential order (see e.g., [28, 32]). Our research, how-
ever, focuses on combined use efficiency rather than on 
percentage of respective use. We thus investigated the 
specific combined impact of different emotion regulation 
strategies on emotion responses. This study targeted the 
following question: “How does using two emotion regula-
tion strategies at the same time rather than each of them 
separately influence their efficiency?”

To answer this question, we needed to test a regulation 
strategy that could be attempted simultaneously (i.e., for 
the same emotional situation)  with Situation selection. 
One strategy that met this requirement was Suppression. 
We choose it for several reasons. First, Suppression is a 
well-studied strategy, with substantial empirical back-
ground on its efficiency. However, it has only been stud-
ied individually, never simultaneously to another strategy. 
Second, it is classically categorized as a maladaptive 
strategy. Indeed, apart from the expressive response, this 
strategy hardly relieves the experiential and physiological 
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components of emotion [33], and even shows a rebound 
effect in physiological arousal [34, 35]. This is in direct 
opposition to what has been found for Situation selec-
tion. The effects of Suppression on emotional responses 
are however probably more complex. For example, 
some studies have reported no effect of Suppression on 
negative subjective experience [36–38], whereas others 
reported reduced levels of negative emotional experience 
[39, 40]. These differences can be attributed to differ-
ent emotion induction methods, categories of emotions 
induced, types of Suppression, personality, emotional 
competences, gender, or the parameters considered (see 
e.g., [41–46]). A previous research with a similar design 
and population as in the present study used emotional 
pictures designed to rapidly generate negative or positive 
emotions. Results showed that Expressive suppression 
triggered stronger transient negative experience, strongly 
reduced expressivity, stronger decrease in heart rate, as 
well as reduced respiratory rate and amplitude as com-
pared to reactions in absence of regulatory instructions 
[47]. Since effects of physiological and expressive sup-
pression significantly overlap [47], and since we believe 
that Suppression does not only target expressivity, we 
decided to focus on general suppression, i.e., the com-
plete emotional response suppression; whether expres-
sive, experiential or physiological [48]. We named this 
strategy Emotional suppression.

In the present study, we investigated the single and 
combined effects of Situation selection and Emotional 
suppression in a within-subject design with a picture 
viewing paradigm. A picture-viewing paradigm is a 
protocol that uses pictures representing scenes able to 
induce different emotions of different intensities [49]. 
Pictures are presented to participants for a few seconds 
and the viewing launches emotional reactions. Pictures 
usually come from validated databases and are known to 
validly and reproducibly induce desired emotional states 
[50] and outcome valence (positive or negative, [51, 52]). 
Pictures were presented to elicit emotional processes 
in four different conditions: a) Unregulated, where nei-
ther Situation selection nor Emotional suppression were 
instructed, b) Situation selection only, c) Emotional sup-
pression only, and d) Double regulation, during which 
both Situation selection and Emotional suppression were 
attempted for the same emotional event. Hypotheses 
were as follows:

1) Situation selection only: We expected similar results 
as previously highlighted [22]. Namely, Situation 
selection should result in reduced negative experi-
ence, unchanged positive experience, unchanged 
positive and negative expressivity, enhanced orient-
ing effect for positive viewing, reduced skin con-

ductance level for negative viewing and a decreased 
respiratory rate. These last two effects should occur 
particularly at the end of the recording period.

2) Emotional suppression only: We expected Emotional 
suppression to have similar effects as those repeat-
edly found in the literature. Namely, it should yield 
unchanged positive and negative emotional experi-
ence, a decrease in positive and negative expressiv-
ity, as well as respiration rate and amplitude, and a 
greater decrease in heart rate.

3) Double regulation: The combined effect of perform-
ing both Situation selection and Emotional suppres-
sion is harder to predict due to the lack of literature. 
We expected that emotional experience might be 
unchanged. Although Situation selection reduces 
negative experience, this effect could be canceled by 
Emotional suppression, which regularly fails to change 
experience. At the expressivity level, we expected 
reduction of positive and negative responses. Indeed, 
Emotional suppression is easy to achieve and shows 
marked effects on facial expression. There is no rea-
son to believe performing Situation selection would 
interfere with such effect. Regarding physiological 
signals, we expected interaction, or at least additive 
effects for heart rate and respiratory rate. This would 
lead to a stronger decrease of these parameters than 
when each strategy is performed individually.

Methods
Participants
A power analysis with a power of 0.8 [53], with effect 
sizes derived from partial eta squares from previous 
similar studies (f = 0.20, see [22, 47, 48]), and α = 0.05, 
yielded a target sample size of 63 participants. To com-
pensate for technical difficulties or participant drop-
out, a sample size of 70 participants was targeted. We 
were able to recruit 69 participants, who came to the 
first session. Four of them were excluded, either because 
they did not meet one of  the inclusion criteria (right-
handedness, N = 1), because we experienced technical 
difficulties with our experiment (N = 2), or because of 
external interruption (fire alarm in the building, N = 1). 
Sixty-five participants thus fully participated in our study 
(32 males and 33 females). Participants were all either 
first year Psychology university students participating 
for course credits (N = 42), or other discipline first year 
students participating for the equivalent of $50 (N = 23). 
They were recruited during first year psychology courses 
or via advertisements posted on University information 
boards with a brief description of the project, without 
mention of emotion regulation. Participants’ age ranged 
between 18.4 and 32.4 years, with a mean of 21.1 years 
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(SD = 2.37 years). Exclusion criteria were pregnancy, 
medication, and diagnosis of anxiety or mood disorder. 
Inclusion criteria were right-handedness, age between 
18 and 45 years old, and general good health. Regarding 
health, participants were tested with the 12-Item Short-
Form Health Survey (SF-12, [54]) and scored an average 
of 81.0% (SD = 9.1) of good health (100% being excel-
lent mental, physical and social health). Since handed-
ness may have an influence on emotion processing and 
physiological outputs [55, 56], all participants had to be 
right-handed. Handedness was measured thanks to the 
Edinburgh Handedness Inventory [57], which gives a 
score of − 100 for totally left-handed and + 100 for totally 
right-handed respondents. At this test, our sample had 
an average score of 74.08 (SD = 19.02).

Design and conditions
The experiment consisted of 10 blocks of pictures, each 
testing one of the four conditions described below.

1) In the Unregulated condition (2 blocks), participants 
were not given the opportunity to choose the upcom-
ing image and were not instructed to suppress; they 
simply watched the pictures as displayed.

2) In the Situation selection only condition (3 blocks), 
operationalized as previously described [22] in a 
picture-viewing paradigm, the participants had to 

choose the image that will be presented to them. 
The options were given with category words stating 
possible image content. The selected image was pre-
sented 3.5 s after the choice was made. No instruc-
tion of suppression was given.

3) The Emotional suppression only condition (2 blocks) 
was investigated as a variant of expressive suppres-
sion investigated in previous studies [36, 37] and vali-
dated as general suppression in previous work [48]. 
In this condition, participants were asked to suppress 
both their emotional expression and their physiologi-
cal arousal. Participants in this condition were not 
given the choice about upcoming images. To simplify 
the text, this condition will be referred to as Suppres-
sion.

4) In the Double regulation condition (3 blocks), par-
ticipants were given the choice of the upcoming 
image (thus performing Situation selection) and were 
instructed to suppress during the viewing of the 
image (thus performing Suppression).

These conditions are shown in Fig. 1. All the conditions 
in which choice was not given were called ‘Imposed’ con-
ditions (Unregulated and Emotional suppression only): 
participants were not given the opportunity to choose 
and were imposed to watch emotionally relevant nega-
tive and positive pictures. All the conditions in which a 

Fig. 1 Illustration of the four conditions for testing the impact of Situation selection, Suppression, or both. Each condition included positive and 
negative trials. A posteriori, all trials of a particular valence were analyzed separately for each of the four conditions. Each participant had a different 
distribution of images in each of the conditions due to semi‑random assignment of pictures to the conditions. Emotional responses were compiled 
for each of the eight trial types (valence × chosen/imposed × suppression/no suppression) and analyzed during the 8‑s duration of each trial. 
Please note that the images shown here are for illustration purposes and are not part of the GAPED. These images were taken from www.pixab 
ay.com and are free of copyright

http://www.pixabay.com
http://www.pixabay.com
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choice was given were called ‘Chosen’ conditions (Situ-
ation selection only and Double regulation condition): in 
these conditions, participants choose the upcoming emo-
tional picture.

The number of stimuli per block were arranged such 
that each block had approximately the same duration. 
There were 24 trials for the ‘Imposed’ condition blocks 
and 16 for the ‘Chosen’ conditions blocks. The block 
presentation was semi-randomized to control for habitu-
ation and order effects, only restricting the randomness 
by prohibiting the presentation of the same condition in 
consecutive blocks.

Before the start of each procedure, half of the stimuli 
were randomly assigned to the Unregulated and Situa-
tion selection conditions, and the other half to the Sup-
pression and Double regulation conditions. Each of the 
stimuli was shown twice to each participant: once in the 
corresponding ‘Chosen’ condition, and once in the corre-
sponding ‘Imposed’ condition. The stimuli that were not 
chosen in the ‘Chosen’ conditions were not considered 
for analyses in the ‘Imposed’ conditions. This allowed to 
equate the content of the stimuli between conditions for 
each participant, and to attribute the differences to our 
manipulation, rather than to the intrinsic features of the 
stimuli.

Finally, the timing of emotional response development 
is important in describing emotional arousal unfolding 
[58, 59], particularly in response to pictures [60, 61], and 
when considering emotion regulation impact [22, 47]. 
We therefore also included a time factor in our design, as 
it may provide more information on the potential tran-
sient or delayed impact of the respective emotion regula-
tion strategies.

Stimuli
Eighty seven images were taken from the Geneva Affec-
tive Picture Database (GAPED, [62]), which gathers 
negative and positive stimuli that can be included in 
different categories with labelled content. Having an 
available label for each picture category is crucial for 
operationalizing Situation selection, as it allows par-
ticipants to make a choice based on written descriptors 
of the upcoming situations. The images of the nega-
tive category consisted of four content types: spiders, 
snakes, animal mistreatment and human mistreat-
ment. These exact words were used as labels to offer a 
choice between categories in the ‘Chosen’ conditions. 
The positive images category also included four types 
of content: landscapes, human babies, mammals (usu-
ally offspring), and sport (inspirational) pictures. Since 
examples of the latter type of content are rare in the 
GAPED, we added nine pictures of sport/inspirational 
images from the International Affective Picture System 

(IAPS, [63]). The labels used to offer the choice for pos-
itive categories were “Landscape”, “Baby”, “Mammal”, 
and “Sport”. Of the final 96 pictures, 48 were negative 
and 48 were positive, with 12 pictures of each type of 
content. We presented emotional stimuli for eight sec-
onds and examined participants’ emotional responses 
during this time-frame.

Measures
We measured three emotional responses, corresponding 
to the three main emotional systems: emotional experi-
ence, expressivity, and physiological arousal [64–66]. For 
each, we derived parameters that reliably reflect rapid 
emotion emergence, and which proved to be sensitive 
to both our induction method and emotion regulation 
attempts.

Emotional experience
Participants used a rating slider to report their emotional 
experience (Variable Assessment Transducer, Biopac 
Systems, Inc., Goleta, CA, USA). Measures were taken 
continuously throughout the picture presentation. The 
slider was unipolar with negative reports on the left side 
and positive reports on the right side. The output voltage 
(0-9 V) was extracted as is and converted into a negative 
scale and a positive scale (see below the Data Reduction 
paragraph for more details on the data transformation for 
analyses).

Expressivity
Expressivity was assessed by  using bipolar surface elec-
tromyography (EMG). Electrodes were standard 4 mm 
Ag/AgCl sensors. Three EMG sites were recorded. 
Because of its reliable link to negative expressivity, left 
Corrugator Supercilii [49, 67] was the first targeted site. 
The left Zygomaticus Major, and the left Orbicularis 
Oculi were the two sites chosen for positive expressivity. 
The zygomatic region is generally used to measure posi-
tive expressivity, which motivated our choice to record 
this site. However, the zygomatic is not a completely 
direct measure of positive expressivity [67]. We thus 
decided to add a supplementary channel and to target 
Orbicularis Oculi, a region that is a reliable readout of 
Duchenne’s smile [68]. The electrode placement followed 
recommendations of Fridlund and Cacioppo [69]. The 
skin was first gently rubbed with NuPrep® gel (Weaver 
and Cie). Excess gel was then removed with alcohol pads 
(Kendall Webcol® skin cleansing alcohol pads, Tyco 
healthcare). Finally, the electrodes were filled with Sig-
nagel® (Parker Laboratories, Inc).
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Physiology
In order to tackle the different systems involved in auto-
nomic reactivity, we measured cardiovascular, exocrine, 
and respiratory activities.

1) Electrocardiography (ECG): Three standard dispos-
able pre-gelled Ag/AgCl electrodes were used for 
ECG recordings. One was placed approximately 5 cm 
below the lower rib on the left side of the abdomen. 
A second electrode was placed just below the right 
clavicle, along the mid-clavicular line. A third elec-
trode, which served as a ground, was placed at the 
level of the C7 cervical vertebrae.

2) Electrodermal activity: Skin conductance level was 
recorded with two pre-gelled disposable Ag/AgCl 
sensors. They were placed on the thenar and hypoth-
enar eminences of the non-dominant hand palm.

3) Respiration: Thoracic and abdominal respiration 
recordings were collected with two respiration belts. 
The abdominal belt was placed around the waist, 
whereas the thoracic belt was placed high on the 
chest.

All parameters were recorded and amplified with 
MP150 compatible modules from Biopac Systems 
(Goleta, CA, USA). All sensors were from the same com-
pany. All acquired channels were sampled at 1000 Hz.

Procedure
Participation was divided into two sessions. In the first 
session, participants came in the laboratory and com-
pleted the SF-12 and the Edinburgh Handedness Inven-
tory (see Participant section). They also completed other 
emotion-related questionnaires that served for another 
study. After checking right-handedness and absence of 
health-related issues, participants were invited to register 
for the second session.

About 11 days after the first session (average of 
10.6 days, SD = 7.86), participants returned for the Emo-
tion regulation task session. Upon arrival at the labora-
tory, participants were informed about the procedure 
of the experiment and prepared for the physiological 
recordings. All instructions were presented on screen. 
Participants were told that we were interested in people’s 
reactions to different scenes and that they would see dif-
ferent emotional images. The rating dial was introduced 
and we explained that the major task of the study was to 
report their feelings by moving the cursor while viewing 
each image. Some training trials were presented to famil-
iarize participants with the rating system. They were then 
instructed about the Situation selection task. Instructions 
were as follow: “Sometimes in this session (in certain 

blocks), you will have the opportunity to choose your-
self, from two options, the image you would like to see. 
Using the arrows on the keyboard, select the image cat-
egory, then return to the slider and concentrate on your 
feelings to report them with the cursor.” The partici-
pants again performed a few training trials (with images 
that were not presented in the main session) in which 
they chose between two proposed options and reported 
their feelings when viewing the image. After this phase, 
participants were instructed about the Suppression task. 
Instructions were: “As you look at the images, you will 
realize that your face and body react to them. When you 
are asked to suppress your reactions, you should observe 
the image but NOT let the emotion affect your face and 
physiological reactions. Try to ensure that no one who 
would be looking at you, or at your physiological signals, 
can detect any changes in your face or body reactions.” 
Participants were again given some training trials for this 
task. Finally, they were informed that the experiment was 
divided into blocks, during which they would sometimes 
choose only, sometimes suppress only, sometimes both, 
and sometimes none of these, and that precise instruc-
tions about the task would be given before each block.

All participants saw blocks of images in the four con-
ditions (see section above Design and conditions). Each 
participant completed the 10 blocks of trials, which 
were separated by a pause screen allowing participants 
to progress at their own pace from block to block. The 
24 trials of the ‘Imposed’ blocks (both those with and 
without Suppression) were composed of 12 positive and 
12 negative pictures, each with 3 images from each con-
tent category. ‘Chosen’ condition blocks (both those with 
and without Suppression) were generally composed of 8 
positive and 8 negative pictures, each with 2 images from 
each content category. The last ‘Chosen’ block differed in 
the number of trials. This is due to the pairing procedure, 
the program exiting the last ‘Chosen’ condition block 
when it was no longer possible to couple unseen images 
of two different categories.

On average, participants performed 182 trials 
(range = 176–188), 48 in the Unregulated condition, 48 
in the Suppression only condition, and on average 43 in 
each of the ‘Chosen’ conditions (Situation Selection and 
Double regulation conditions). All ‘Chosen’ blocks were 
thus of 16 trials except the last ‘Chosen’ block, averaging 
6 trials. Each trial consisted of a blank screen (0.5 s), the 
choice screen (displayed until choice was made), a blank 
screen again (1.5 s), a fixation cross (1.5 s), a blank screen 
again (0.5 s) and the picture presentation (8 s). Under the 
‘Imposed’ conditions (Unregulated and Suppression only 
conditions), the choice screen was replaced by the dis-
play of the category of picture to be presented (for 1 s). 
The computer session lasted approximately 55 min. The 
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sensors were afterwards removed and participants were 
fully debriefed.

All participants gave written informed consent to par-
ticipate in the study. The procedure was reviewed and 
authorized by the institutional and regional ethical com-
mittee (CER-VD, protocol 2015–00071), in accordance 
with the current national legal requirements (Ordinance 
on Human Research) and the latest version of the decla-
ration of Helsinki.

Data reduction
All data were processed with Acknowledge 4.4 (Biopac 
System, Goleta, CA, USA). Some channels were band-
pass filtered to increase the signal-to-noise ratio (20–
500 Hz for EMG, 0.5–35 Hz for ECG, and 0.05–1 Hz for 
respiration). Channels were then manually scanned for 
movement or electric interferences, which were cor-
rected by signal interpolation. To assess the temporal 
dynamics of emotional response unfolding, the continu-
ous parameters were segmented into 16 epochs of 0.5 s 
each. In addition to the image presentation duration of 
eight seconds, which was fully taken into account, a 3.5 s 
epoch was calculated for each trial and each parameter, 
spanning from 3.5 s before the picture presentation to the 
time of the picture onset. Thus, each trial had this refer-
ence period, which was used to normalize the response 
and obtain relative change in the parameter following 
each picture presentation.

Emotional experience
Ratings were exported to obtain average values for each 
epoch. The initial cursor position was used as a reference 
to calculate emotion intensity. Any value below this posi-
tion was considered as a negative feeling and any value 
above as a positive feeling. On this basis, ratings were 
transformed into an emotion intensity scale. The out-
put was extracted in percentages, representing the dis-
tance travelled by the cursor between its 0 point and its 
extreme values on either side. Data for each of the valence 
sides thus go from 0 = absence of emotional experience 
once confronted to the picture to 100 = extreme emotion 
intensity.

Expressivity
The EMG signals were rectified and smoothed (5 Hz) 
before being averaged for each epoch. Given the wide 
variability in the contraction capacity of each individ-
ual, each EMG time-frame value was then expressed as 
the percentage of contraction with respect to the cor-
responding trial antecedent level (voltage recorded for 
a given time-frame / voltage recorded during the 3.5 s 
preceding the trial * 100) [70, 71]. Negative expressivity 
was measured with the Corrugator site values, whereas 

Positive expressivity was measured with an average of the 
reactions measured on the Zygomaticus and Orbicularis 
sites, given the high correlation found for these param-
eters, r (65)=0.56, p < .001.

Physiology
Heart rate was calculated from the ECG channel by 
transforming the inter-beat interval (duration between 
successive R waves). Skin conductance level was exported 
as mean values for each epoch. Respiratory rate and res-
piratory amplitude were calculated for each epoch. The 
respiratory rate was obtained by converting the duration 
of the cycle intervals into a number of cycles per minute 
(c/min). The respiratory amplitude was interpolated by 
using the difference in volts between the point of maxi-
mum inspiration and the point of maximum expira-
tion. Given the high correlations between thoracic and 
abdominal respiratory parameters (see “Result” section), 
the values of both sites were averaged. All response chan-
nel data were calculated as the change in activity with 
respect to each trial antecedent level.

Data analyses
We first computed the descriptive values for each param-
eter in the Unregulated condition, as a manipulation 
check of reactivity. We contrasted the distribution of 
affective experience with a 0-centered distribution to 
confirm induction of presumed positive and negative 
experience.

Two steps of analyses were then successively conducted 
for each parameter:

a) To investigate the potential interaction effect 
between the two regulation strategies, we first con-
ducted, for each parameter, an ANOVA with three 
within-factors: Situation selection (2 levels: ‘Imposed’ 
vs. ‘Chosen’ conditions), Suppression (2 levels: no 
instructed Suppression vs. instructed Suppression) 
and Time (16 epochs). Since contrasting positive and 
negative trials was not part of our research ques-
tion, but since previous research has shown different 
emotions [72–77] and emotion regulation patterns 
[78–80] for positive and negative responses, sepa-
rate ANOVAs were performed for negative and posi-
tive trials. Except for the main effect of Time, which 
is relevant to the response dynamic but not to our 
research questions, all effects were of interest: (i) the 
main effect of Situation selection, for evaluating the 
general effect of choice as compared to the ‘Imposed’ 
conditions, (ii) the main effect of Suppression, for 
evaluating the effect of Suppression, irrespective of 
whether a choice is made, (iii) both two-way inter-
actions Situation selection  ×  Time and Suppres-
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sion  ×  Time, particularly interesting to evaluate 
the temporal dynamics of each emotion regulation 
strategy, (iv) the two-way interaction Situation selec-
tion ×  Suppression, to evaluate the potential com-
bined effect of both strategies, irrespective of time, 
and finally, (v) the three-way interaction.

b) To investigate further the effects found with the 
ANOVAs, we conducted analyses based on these 
initial results. We concentrated on the part of the 
viewing period for which the results of the analyses 
described above was significant. This strategy per-
mitted us to focus on the period during which emo-
tion regulation efficiency occured to further explore 
the differential efficiency of single vs. multiple strat-
egy use when they are actually efficient. This strat-
egy also decreased our Type II error risk by using a 
portion of the data that was not affected by general 
“reaction to picture” effect, common for all our con-
ditions. We then re-ran the analyses on this portion 
of time, taking only the factors Situation selection 
and Suppression. Discriminating between additive or 
cumulative interaction effects in two-way ANOVAs 
is admittedly difficult [81]. Thus, we also conducted 
analyses observing one factor (four levels), directly 
contrasting the Unregulated, Situation selection only, 
Suppression only, and Double regulation conditions.

Greenhouse-Geisser corrections were applied where 
the assumption of sphericity was violated, and corrected 
degrees of freedom were reported in these cases. Effect 
sizes are reported using partial eta squares (ηp

2). P-values 
for interaction effects were corrected for multiple com-
parisons with the Holm-Bonferroni criterion. Threshold 
for significance was set to .05 (bilateral).

Results
Success of the emotion induction
Table  1 below shows the values of the parameters 
recorded over the entire viewing in the Unregulated 
condition, for both negative (left) and positive (right) 
viewing.

On average, participants felt a significant increase of 
negative experience while confronted to negative images, 
mean = 41.25,  t(65)=18.67, p < .001 (on a scale going from 
0 to 100, with 100 being maximal negative emotion). 
Similarly, while confronted to positive pictures, they felt a 
significant positive experience, mean = 41.24,  t(65)=22.44, 
p < .001 (on a scale going from 0 to 100, with 100 being 
maximal positive emotion), confirming successful induc-
tion of the desired emotional valence.

Effect of Situation selection and Emotional suppression 
on emotional experience
The three-way ANOVA Situation selection ×  Suppres-
sion × Time on negative trials yielded two main effects, 
that of Suppression, and Situation selection (see Table 2). 
Effect directions were opposite. Not using Suppres-
sion triggered a negative feeling of 40.76 points (Stand-
ard Error of Mean = SEM = 2.2), while attempting it 
increased the negative experience to 42.26 points (SEM 
=2.2). Conversely, without Situation selection negative 
experience was at 42.12 points (SEM = 2.2), and at 40.90 
points (SEM = 2.2) with it (see Fig.  2a and b). The lack 
of interaction effect (see Table  2) suggests that the two 
strategies might counteract each other. To further ana-
lyze their combinatorial effect, we directly contrasted the 
Unregulated condition with the Double regulation condi-
tion, with a two-way ANOVA Time (16 epoch) × Condi-
tion (4 conditions, see Fig. 1). Results showed neither an 
effect of the Condition,  F(1, 64)=0.12, p = .74 (see Fig. 2c), 
nor an interaction of this factor with Time,  F(3,205) = 0.12, 
p = .95. Thus, it seems that the opposite effects of the two 

Table 1 Sample size (N), Mean, Standard Error of  the  Mean (SEM), and  95% Confidence Interval (CI) of  Experience, 
Expressivity, and Physiological Arousal to Negative and Positive Images seen in the Unregulated condition

Note. The experience scale ranges from 0 (no emotion) to + 100 (extreme negative/positive experience). Expressivity is expressed as percentages of trial baseline level. All 
other parameters are expressed as differences with trial baseline level to reflect parameter change after image presentation

N Negative viewing Positive viewing

Mean SEM CI (95%) Mean SEM CI (95%)

Experience (/100) 65 41.25 2.21 [36.84; 45.67] 41.24 1.84 [37.57; 44.91]

Expressivity (EMG, %baseline) 65 150.76 8.42 [133.94; 167.58] 152.66 6 [40.67; 164.65]

Heart Rate (Δbpm) 65 −1.67 0.2 [−2.07; −1.27] −1.47 0.22 [−1.90; − 1.04]

Skin Conductance Level (ΔμS) 56 −0.04 0.014 [− 0.07; 0.01] − 0.07 0.01 [− 0.09; − 0.04]

Respiratory Rate (Δc/min) 65 − 0.07 0.05 [− 0.18; 0.03] 0.10 0.05 [0.00; 0.20]

Respiratory Amplitude (ΔmV) 65 −0.03 0.019 [−0.064; 0.014] − 0.02 0.019 [− 0.056; 0.019]
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considered strategies cancel each other out when used 
simultaneously.

When considering the impact of emotion regulation 
on positive experience, the three-way ANOVA Situa-
tion selection ×  Suppression ×  Time on positive trials 
yielded only one significant effect, that of the interac-
tion between Time and Suppression (Table 2). Contrasts 
showed that the two groups of conditions (no Suppres-
sion conditions vs. use of Suppression) yielded different 
dynamics between 1 s and 2 s from the stimulation onset. 
During this time, positive experience increased less 
sharply without Suppression (average reached during this 
period = 23.23) than with it (average reached during this 
period = 26.13).

Effect of Situation selection and Emotional suppression 
on emotional expressivity
The three-way ANOVA (Suppression ×  Situation selec-
tion  ×  Time) on expressivity channels gave similar 
results for negative and positive trials. First, there was a 
main effect of Suppression for both negative and positive 
expressivity (see Table 3). These main effects showed that 
participants were very successful in performing Suppres-
sion as requested in the instruction. Indeed, this strategy 

triggered a decrease in the facial muscle activity from 151 
to 107% of the trial baseline level for negative expressivity 
and from 156 to 103% of the trial baseline level for posi-
tive expressivity. For both valences, the ANOVAs showed 
significant interactions between Time and Suppression. 
Holm-Bonferroni corrected t-tests for each time frame 
showed that the differences in expressivity highlighted 
by the main effect did not happen immediately after the 
image onset but after 500 ms of viewing. No other effect 
was significant.

Effect of Situation selection and Emotional suppression 
on physiological arousal
Heart rate
We first examined the impact of Suppression ×  Situa-
tion selection ×  Time on heart rate for negative view-
ing. The ANOVAs showed a main effect of Suppression 
(see Table  4), indicating that the decrease in heart rate 
observed during trials without Suppression (− 1.85 bpm) 
is less important than that observed with it (− 2.47 bpm). 
An interaction Time × Suppression was also noted (see 
Fig.  3a). Corrected contrasts showed that this effect 
occurred from 3 s after the image onset until the end of 
the recording period. Interestingly, a Time ×  Situation 

Table 2 Statistics for three-way ANOVA Situation Selection (SS) × Suppression (Sup) × Time (T) for Emotional Experience

Note. *p < .05, **p < .01

Negative viewing Positive viewing

F (degrees of freedom) p ηp
2 F (degrees of freedom) p ηp

2

SS 9.71 (1, 64) .003** .13 0.82 (1, 64) .37 –

Sup 4.09 (1, 64) .047* .06 0.70 (1, 64) .41 –

SS × Sup 0.25 (1, 64) .62 – 0.02 (1, 64) .90 –

SS × T 2.33 (3, 198) .07 – 2.09 (3, 161) .11 –

Sup × T 1.39 (3, 188) .25 – 5.45 (3, 189) .001** .08

SS × Sup × T 0.56 (3, 164) .62 – 0.32 (3, 183) .81 –

Fig. 2 Effects of regulation on negative emotional experience. Are considered the main effect of Suppression (a), the main effect of Situation 
selection (b), or the contrast of the Unregulated condition with the Double regulation condition (c). The error bars are SEM. Ns = not significant, 
*p < .05, **p < .01
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selection effect was also significant (see Fig. 3b), indicat-
ing an effect that was similar to that of Suppression. Per-
forming the regulation (in this case Situation selection) 
triggered a stronger decrease in heart rate than without 

regulation, particularly from 4.5 s after the stimulus onset 
onward. No other effects were significant. As detailed in 
the “Data analyses” section above, we then contrasted, for 
the most relevant period (3–8 s after picture onset), the 

Table 3 Statistics for three-way ANOVA Situation Selection (SS) × Suppression (Sup) × Time (T) for Emotional Expression

Note. ***p < .001

Negative viewing Positive viewing

F (degrees of freedom) p ηp
2 F (degrees of freedom) p ηp

2

SS 0.05 (1,64) .83 – 0.25 (1,64) .62 –

Sup 32.95 (1,64) <.001*** .34 81.15 (1,64) <.001*** .56

SS × Sup 0.03 (1,64) .85 – 3.92 (1,64) .05 –

SS × T 0.31 (3, 221) .85 – 2.39 (4, 259) .05 –

Sup × T 9.33 (3, 211) <.001*** .13 24.86 (3, 202) <.001*** .28

SS × Sup × T 0.65 (4237) .62 – 2.04 (5298) .08 –

Table 4 Statistics for three-way ANOVA Situation Selection (SS) × Suppression (Sup) × Time (T) for Physiological Arousal

Note. *p < .05, **p < .01, ***p < .001

Parameter Negative viewing Positive viewing

F (degrees of freedom) p ηp
2 F (degrees of freedom) p ηp

2

Heart Rate

SS 3.43 (1, 64) .07 – 1.63 (1, 64) .21 –

Sup 20.18 (1, 64) <.001*** .24 11.16 (1, 64) .001*** .15

SS × Sup 0.11 (1, 64) .74 – 0.44 (1, 64) .51 –

SS × T 14.57 (4, 234) <.001*** .19 21.28 (3, 221) <.001*** .25

Sup × T 6.81 (4, 245) <.001*** .10 8.57 (4, 238) <.001*** .12

SS × Sup × T 0.32 (4, 235) .86 – 0.65 (4, 251) .62 –

Skin conductance

SS 0.41 (1, 55) .53 – 0.01 (1, 55) .91 –

Sup 2.95 (1, 55) .09 – 0.03 (1, 55) .85 –

SS × Sup 0.01 (1, 55) .93 – 0.05 (1, 55) .82 –

SS × T 10.36 (2, 90) <.001*** .16 9.83 (2, 93) <.001*** .15

Sup × T 0.30 (2, 110) .74 – 2.81 (2, 110) .06 –

SS × Sup × T 0.65 (2, 116) .54 – 0.67 (3, 164) .57 –

Respiratory rate

SS 6.31 (1, 64) .02* .09 6.49 (1, 64) .01* .09

Sup 0.06 (1, 64) .81 – 1.88 (1, 64) .17 –

SS × Sup 2.38 (1, 64) .12 – 2.47 (1, 64) .12 –

SS × T 8.29 (2, 133) <.001*** .12 18.50 (2, 157) <.001*** .22

Sup × T 4.24 (2, 146) .01* .06 13.11 (2, 138) <.001*** .17

SS × Sup × T 2.83 (2, 150) .05 – 0.30 (3, 186) .82 –

Respiratory amplitude

SS 0.27 (1, 64) .61 – 0.05 (1, 64) .82 –

Sup 0.03 (1, 64) .87 – 3.07 (1, 64) .08 –

SS × Sup 3.79 (1, 64) .06 – 5.32 (1, 64) .024* .08

SS × T 6.73 (3, 176) <.001*** .10 4.47 (2, 154) .009** .07

Sup × T 2.57 (2, 107) .09 – 8.53 (2, 126) <.001*** .12

SS × Sup × T 1.17 (2, 158) .32 – 0.81 (2, 159) .47 –
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Double regulation condition with each strategy separately 
and the Unregulated condition. The test gave a significant 
effect of the Condition,  F(3,165) = 13.13, p <  .001, ηp

2 = .17 
and contrast results highlighted a cumulative impact of 
the two strategies (see Fig. 3c).

We then examined the impact of Suppression × Situa-
tion selection × Time on heart rate for positive viewing. 
As with negative viewing, the ANOVA yielded a main 
effect of Suppression, again indicating that the decrease 
of heart rate observed during trials without Suppression 
(− 1.63 bpm) is less important than that observed with it 
(− 2.11 bpm). Similarly to the negative viewing results, a 
Time ×  Suppression interaction was also observed (see 
Table  4 and Fig.  3d), and corrected contrasts showed 
that this effect occurred from 4 s after the image onset 
until the end of the recording period. A Time ×  Situa-
tion selection effect was also significant (see Table 4 and 
Fig. 3e), indicating a similar effect as for Suppression. Per-
forming Situation selection triggered a stronger decrease 
in heart rate than without it, in particular from 4.5 s after 
the stimulus onset onward. No other effects were signifi-
cant. We then contrasted, for the most relevant period 

(4–8 s after picture onset), the double regulation effect 
with that of each strategy separately and that of the no 
regulation condition. The tests gave a significant effect 
of the Condition,  F(3,177) = 12.35, p <  .001, ηp

2 = .16 (see 
Fig. 3f ).

Skin conductance level
We first examined the impact of Suppression × Situation 
selection ×  Time on skin conductance level change for 
negative viewing. Only one effect was significant, namely 
the interaction between Situation selection and Time (see 
Table 4). Contrasts indicated that, whereas the ‘Chosen’ 
conditions triggered a stronger increase in skin conduct-
ance level in the first second of the viewing, at the end 
of the image presentation (7–8 s after the image onset) 
the level was significantly lower than that observed in the 
‘Imposed’ conditions (see Fig. 4a). No other effects in the 
ANOVA were significant.

While examining the ANOVA outcomes for positive 
viewing, we noticed a similar pattern of results. The Situ-
ation selection × Time interaction effect was significant, 
F (2, 93)=9.83, p <  .001, ηp

2 = .15, while the other effects 

Fig. 3 Effects of regulation on heart rate changes as compared to trial baseline level during negative (a, b, and c) and positive (d, e, and f) trials. 
Are considered the interaction between Time and Suppression (a and d), the interaction between Time and Situation selection (b and e), and the 
contrast between the Unregulated condition and the use of either one or the other strategy and to the Double regulation condition, in the period 
spanning between 3 s (c) or 4 s (e) and 8 s after image onset. The error bars are SEM. Ns = not significant, *p < .05, * in c and f represent significance 
of contrasts with each of the three other conditions
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were not. Contrasts for each time frame on the ‘Cho-
sen’ conditions, as compared to the ‘Imposed’ condi-
tions showed that the effect seen in negative viewing was 
found also in positive viewing. However, it had shorter 
durations, the earlier effect spanning between 0.5 and 1 s 
after image onset, and the later effect occurring between 
7.5 and 8 s after image onset (see Fig. 4b).

Respiratory rate
Since the correlation between thoracic and abdomi-
nal sites was of .79 (p < .001), measures at the two sites 
were averaged to form a single indicator of respiratory 
rate. When considering negative trials, the ANOVA per-
formed on respiratory rate showed multiple significant 
effects. First, we found a significant main effect of Situ-
ation selection. Contrasts indicated that the decrease in 
respiratory rate that followed the presentation of the pic-
ture was greater under the ‘Chosen’ conditions (− 0.20 c/
min) than under the ‘Imposed’ conditions (− 0.02 c/min). 
Second, we also found two significant interactions with 
Time, one with Suppression (see Fig.  5a), and one with 
Situation selection (see Fig.  5b). Despite overall similar 
shapes of the response profiles, contrasts indicated that 
the regulation conditions triggered a larger decrease in 
respiratory rate only when Situation selection was used, 
with an effect lasting from 5 s after the image presenta-
tion until the end of the recorded period. All the other 
effects of the ANOVA were not significant (see Table 4). 
Like for other parameters, we wondered about the effects 
taking place toward the end of the recording period, par-
ticularly regarding potential additive effect of the regula-
tion strategies. Thus, we compared, in the most relevant 

period (5–8 s after picture onset) the Double regulation 
effect with that of each strategy separately and of the 
Unregulated condition. The tests gave a significant effect 
of the Condition,  F(3,177) = 5.91, p =  .001, ηp

2 = .09 and 
contrasts showed a synergistic impact of the two strate-
gies. The impact of Situation selection seemed potenti-
ated by the combined use of Suppression (see Fig. 5c).

When considering positive trials, the ANOVA per-
formed on respiratory rate showed multiple effects, simi-
lar to what was observed for the negative viewing. First, 
we found a significant main effect of Situation selection. 
Contrasts indicated that the decrease in respiratory rate 
under the ‘Chosen’ conditions (− 0.09 c/min) was sig-
nificantly different from the opposed increase under 
the ‘Imposed’ conditions (0.11 c/min). Second, we also 
found here two significant interactions with Time: one 
with Suppression (see Fig.  5d), and one with Situation 
selection (see Fig.  5e). This time, the profiles for each 
regulation strategy showed similar significant contrasts. 
These indicated that the regulation condition triggered a 
larger decrease in respiratory rate towards the end of the 
recorded period (from 6 s post-stimulus onward for Sup-
pression and from 4.5 s onward for Situation selection). 
All the other effects of the ANOVA were not significant 
(see Table 4). As for the other parameters, we wondered 
about the effects taking place toward the end of the 
recording period, particularly regarding potential addi-
tive double regulation effect. We compared, in the most 
relevant period (4.5–8 s after picture onset), the effect of 
Double regulation with that of each strategy separately 
and with that of the Unregulated condition. The tests 
gave a significant effect of the Condition,  F(3,167) = 10.70, 

Fig. 4 Effects of Situation selection on skin conductance level changes. Are depicted the reactions during the 8 s of the picture viewing for negative 
trials (a) and positive trial (b). *p < .05, corrected for multiple comparisons. Diamond ended lines indicate span of significant differences between the 
‘Imposed’ conditions and the ‘Chosen’ conditions
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p <  .001, ηp
2 = .14 and contrasts suggested a incremental 

impact of the two strategies in reducing the respiratory 
rate (see Fig. 5f ).

Respiratory amplitude
Since the correlation between thoracic and abdominal 
sites was of .36 (p = .004), measures at the two sites were 
averaged to form a single indicator of respiratory ampli-
tude. When considering negative trials, the ANOVA per-
formed on changes in respiratory amplitude only showed 
a significant interaction effect between Situation selec-
tion and Time (see Fig.  6a). No other effects were sig-
nificant. Given the marginal significance of the Situation 
selection ×  Suppression interaction and given that this 
effect was significant for positive viewing (see below), we 
present this interaction for negative viewing as illustra-
tion in Fig. 7a.

When considering positive trials, the ANOVA per-
formed on the changes in respiratory amplitude showed 
three significant effects (see Table  4). First, and simi-
larly to what was observed for negative viewing, the 
test yielded a significant Time  ×  Situation selection 

interaction (see Fig. 6b). Second, we also found a signifi-
cant Time × Suppression interaction (see Fig. 6c). Third, 
and more interestingly, the Situation selection  ×  Sup-
pression interaction was also significant. As shown in 
Fig.  7b, contrasts for this effect indicated that the com-
bined use of the two strategies markedly decreased res-
piratory amplitude, at a significantly lower level than 
when only Situation selection was used.

Discussion
The purpose of this study was to investigate the effect of 
two emotion regulation strategies used simultaneously 
on emotional responses. The idea behind this research 
was that since individuals have a wide range of emotion 
regulation strategies at their disposal, it is very likely that 
several strategies will be attempted during the same emo-
tional event. At the time of the writing of this article, a 
new study was published examining the use of two differ-
ent strategies (Reappraisal and Rumination) but focused 
on their sequential use [82]. Although it did not strictly 
focus on simultaneous use consequences, it highlights 

Fig. 5 Effects of regulation on respiratory rate changes as compared to trial baseline level during negative (a, b, and c) and positive (d, e, and 
f) trials. Are considered the interaction between Time and Suppression (a and d), the interaction between Time and Situation selection (b and e), 
and the contrast between the Unregulated condition and the single strategy conditions (Situation selection or Suppression) as well as the Double 
regulation condition, in the period spanning between 5 s (c) or 4.5 s (f) and 8 s after image onset. The error bars are SEM. *p < .05, * in c and f 
represent significance of contrasts with each of the three other conditions
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how investigating the interrelation and interaction 
between several strategies is timely for the field.

Specifically, the present study aimed to observe the 
combined effect of Situation selection and Emotional 
suppression on emotional experience, expressivity and 
physiological arousal, as compared to when each of these 
strategies is used alone. To this end, we conducted a 
within-subject design experiment measuring emotional 
responses of participants confronted to emotionally 
loaded stimuli when performing either Situation selec-
tion, Emotional suppression, or both. For single-strategy 
conditions, we expected to replicate the results obtained 
in similar studies addressing the impact of these strate-
gies used independently. For the double-strategy con-
dition, we expected at least a summative effect: effects 
going in opposite directions under single strategy 

conditions would be canceled, and effects going in the 
same direction under single-strategy conditions would be 
enhanced. Our hypotheses were overall confirmed. We 
discuss below the major effects for each of the single and 
double conditions.

For Situation Selection used alone, and as hypothesized, 
our results confirmed those of a previous study [22]. Five 
results can notably be highlighted. First, negative expe-
rience decreased for the chosen pictures, as compared 
to the imposed pictures. Second, no impact of Situa-
tion selection on positive experience or expressivity was 
found. Third, performing Situation selection before view-
ing a given picture modified the subsequent cardiovas-
cular response: the decrease in heart rate was stronger, 
particularly after 3 s of viewing. The heart rate remained 
lower than when viewing imposed pictures, and this 

Fig. 6 Effects of regulation on the respiratory amplitude change (in mV) as compared to trial baseline level. Are considered the interaction 
between Time and Situation selection during negative viewing (a), the interaction between Time and Situation selection during positive viewing 
(b), and the interaction between Time and Suppression during positive viewing (c). *p < .05, with Holm‑Bonferroni corrections

Fig. 7 Effects of single and double regulation on changes in respiratory amplitude (in mV) as compared to trial baseline level. Are considered 
the negative viewing (a) and the positive viewing (b). Contrasts were calculated only for positive viewing (b) since the interaction Situation 
selection × Suppression was significant only for this valence. The error bars are SEM. **p < .01, with Holm‑Bonferroni corrections
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until the end of the viewing period. This decrease could 
initially be interpreted as a stronger orienting response, 
reflecting the allocation of more resources to the choice 
procedure and the stimulus processing when the stimu-
lus is chosen than when it is imposed. However, since 
this effect persisted until at least 8 s after the beginning of 
the image viewing, it can be argued that Situation selec-
tion significantly decreased the cardiovascular reaction 
to the emotional episode. Fourth, a particular dynamic 
for the change in skin conductance was found. At the 
beginning of the period, a higher skin conductance level 
was observed when the image was chosen, implying that 
performing a choice triggered an increase in skin con-
ductance level. However, after a few seconds the effect 
reversed and the skin conductance level dropped at a 
lower level for chosen pictures than for imposed pictures. 
This pattern has been interpreted in the past as a success-
ful downregulation of exocrine activity by Situation selec-
tion [22] and was replicated in the present study. Finally, 
and also confirming our hypotheses, a greater decrease in 
respiratory rate under the Situation selection condition 
for both negative and positive viewings was observed. 
Results also showed a consistent decrease in respiratory 
amplitude for the same condition. This is an unexpected 
result. Indeed, the vagal nerve responsible for respiratory 
variation generally couples rate and amplitude negatively, 
so that an increase in respiratory rate is associated with 
a decrease in respiratory amplitude [83, 84]. The present 
discrepant pattern was already found while examining 
effects of Situation selection and Suppression [22, 47]. 
Interpreting the physiology behind this result, we could 
state that a decrease in both respiratory rate and ampli-
tude reduces the oxygen intake by lowering the incoming 
air volume. We could argue that this result represents a 
process by which oxygen demands are lowered by emo-
tion regulation, thus converging toward reduced stress 
when emotions are regulated.

Based on the results of previous literature in similar 
contexts (early reactions to visual emotional stimulations, 
see introduction section), we hypothesized that Emo-
tional suppression would not influence experience, but 
would strongly impact expressivity and show a stronger 
decrease in heart rate and respiratory functions. Three 
lines of results can be discussed. First, negative experi-
ence increased when participants performed Emotional 
suppression, compared to when they were not instructed 
to suppress. This is consistent with studies showing 
counterproductive effects of Suppression on emotional 
experience [85], although such evidence remains scarce 
in the literature. Second, and as repeatedly demonstrated, 
Emotional suppression reduced the expressive compo-
nent of emotion, showing again that participants can 
successfully implement the requested strategy (see e.g., 

[35–38, 86, 87]). Third, and also in line with past studies, 
Emotional Suppression triggered a long-lasting decrease 
in heart rate. We did not find an effect of the strategy 
on skin conductance level, which is usually a measure 
that reacts with a rebound to this instruction [36], but 
we found a positive impact of Emotional suppression on 
respiratory functions. This is similar to results in other 
studies using similar instructions to implement Suppres-
sion [47, 48]. This result may suggest that, at least in the 
first few seconds after image viewing, Emotional suppres-
sion can have a positive impact on physiological arousal. 
This is possible since the instructions asking for general 
Emotional suppression (physiological and expressive) 
also have a physiological component. Thus, participants 
might have tried to regulate their respiration with a slow 
and shallower controlled breathing, causing the reduc-
tion in rate and amplitude.

Used simultaneously, Situation selection and Emotional 
suppression had the following outcomes. First, their 
respective and opposite effects on negative experience 
canceled each other out. This shows that performing 
Emotional Suppression is not beneficial to the regula-
tion of experience, congruently with our hypothesis, even 
when performed together with Situation Selection, which 
usually has a positive impact. With respect to expres-
sivity, and as expected, we found that it was reduced by 
Emotional suppression and unaffected by Situation selec-
tion. So far, nothing very surprising. However, the picture 
becomes more interesting when we examine the physi-
ological impact of the combined use of the two emotion 
regulation strategies. We found that the heart rate decel-
eration was incrementally potentiated by the combined 
use of the emotion regulation strategies, and this in both 
positive and negative contexts. Indeed, using both regula-
tion strategies triggered a greater decrease of heart rate 
in the last 4 to 5 s of the picture viewing in comparison 
with the no regulation condition and the single-strategy 
conditions. Thus, to regulate cardiovascular activity 
related to emotional stimulation, using both strategies 
may be more efficient than using only one. With respect 
to exocrine activity, we found no incremental effect of 
the double regulation. It seems that, in the case of dou-
ble regulation, the Situation selection effect dominates. 
Therefore, there is no advantage in using two strategies 
instead of one for this response. Finally, the results of 
respiratory activity showed a decrease in oxygen intake 
for both strategies, with lower respiratory rates and 
amplitudes. However, this was particularly noticeable in 
the last 3–3.5 s of picture viewing in the double regula-
tion condition, and particularly for positive viewing. This 
latter nuance suggests that this mechanism may in fact 
reflect the regulatory effect, which always appears easier 
in positive regulation. Indeed, in this context, reducing 
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respiratory activity means letting go to the relaxing or 
calming effect of the positive viewing (which consisted 
mostly in low arousing pictures).

On the basis of our results, we could deliberate on the 
added value of simultaneously using Situation selection 
and Emotional suppression to regulate emotions. We 
found that this added value will greatly depend on the 
targeted emotional response. The major impact of this 
double regulation is, in the short term, the successful reg-
ulation of physiological responses. Regarding emotional 
expression, using both strategies will be as effective as 
using Emotional suppression alone, considering Situation 
selection had no effect on expression. Additionally, reduc-
ing negative experience is the major asset of Situation 
selection. This effect has been observed repeatedly for 
Situation selection and confers to this strategy a particu-
lar value, as there are few strategies that can achieve suc-
cessful regulation of negative experience with such low 
investment of resources. However, this effect disappears 
when Emotional suppression is performed together with 
Situation selection. Thus, if the goal of regulation is to 
cope with negative experience, a combined use of these 
two strategies cannot be recommended. It may then be 
preferable to use only Situation selection.

These conclusions are interesting when related to past 
findings about the efficiency of the use of single emo-
tion regulation strategy. For example, a recent study [56] 
investigated the comparative efficiency of Distraction and 
Reappraisal in relationship with trait anxiety. These strat-
egies were applied separately and results showed that 
although Distraction and Reappraisal helped regulating 
emotional experience and expressivity, they had no effect 
on physiological responses. This is unfortunate because 
heart and respiration activity are the emotion responses 
that are specifically impacted by trait anxiety. Our pre-
sent results could be useful for finding a way to regulate 
anxiety related responses. The combined use of Situation 
selection and Emotional suppression could help people 
with high trait anxiety for decreasing their cardiac and 
respiratory activity and lowering their overall physiologi-
cal arousal. This shows how studies such as the present 
one, examining combinatory effect of different emotion 
regulation strategies, could provide solutions for concrete 
situations in which individual strategies are not effective.

So far, most research has focused on the effect of only 
one strategy used at a given time. This approach, while 
informative, does not however reflect what likely hap-
pens in everyday situations, when people struggle to 
downregulate negative emotions, potentially trying eve-
rything possible to remain focused on their task or inter-
action. This is why the next important frontier in the field 
of emotion regulation research regards how multiple 
emotion regulation strategies used at the same time will 

combine themselves and what are their direct collective 
consequences on emotional responses.

Limitations
Several limitations can be pointed out regarding this 
study. First, we focused on right-handed participants 
who were furthermore all students and generalization 
of the results is hence limited. More broadly, the next 
logical step would be to include more characterization 
of individual differences in order to obtain more detailed 
conclusions. For example, a recent pilot study in our lab 
showed that Situation selection may be efficient to reduce 
experience as shown in the present study but only for 
people who may be high on neuroticism (Big five dimen-
sion, unpublished data). In addition, focusing on present 
symptomatology, like predisposition to anxiety [88] could 
help to refine the interpretation of the results. Eventually, 
this would help establishing recommendations on which 
strategies should be used, based on individual traits and 
paying close attention to which target emotional response 
is involved. Second, regarding Situation selection imple-
mentation, the choices that were given were limited to 
two options. This did not allow us to disentangle whether 
the choice was made on the basis of preference for the 
chosen option, or avoidance of the alternative. The choice 
given to the participants would deserve to be extended to 
a less limited and more ecological set of options. Third, 
we cannot guarantee that only Emotional suppression 
was attempted during our experiment. We are confident 
in the strategy implementation, since we replicated previ-
ous results regarding Suppression. However, it is possible 
that other explicit or even implicit emotion regulation 
strategies may have been simultaneously implemented, 
so that our results reflect the efficiency of a blend of strat-
egies, rather than the pure effect of Suppression. A related 
concern on this point is the fact that we could wonder 
whether imposing a strategy or leaving it self-selected 
by the participant changes the way it is implemented 
and therefore its efficiency. This question would deserve 
particular attention in future studies. A fourth limitation 
relates to the consideration of broad valence affects (posi-
tive and negative) as discussed by dimensional theorists 
of affect [89–91]. This distinction had the advantage of 
limiting boundary problems between emotion catego-
ries linked to the frequent occurrence of mixed emotions 
[92]. Yet, this approach cannot provide information on 
the efficiency of Situation selection for particular emo-
tions such as joy, fear or sadness. Further investigations 
on the type of positive vs. negative affects would pro-
vide a better understanding on how to best implement 
Situation selection and Emotional suppression in daily 
situations.
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Conclusions
To our knowledge, this study is the first to investigate the 
simultaneous effect on emotion responses of two emo-
tion regulation strategies (Situation selection and Emo-
tional suppression) used at the same time for a single 
event. Our design allowed to compare double-strategy 
use with each strategy separately and with a condition in 
which participants were not instructed to regulate. This 
was done dynamically over the first few seconds of the 
occurrence of an emotional episode. In conclusion, our 
study highlights how the combinatorial effect of emotion 
regulation strategies differs according to the channel to 
be regulated. With the strategies investigated here, physi-
ological arousal is the emotional response that benefits 
the most from a double regulation attempt. The com-
bined use of Situation selection and Emotional suppres-
sion is then most beneficial for people who have difficulty 
regulating the physiological part of their emotions. Such 
results could improve the recommendation for more 
functional emotion regulation in daily life.
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