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Abstract

Emotional-intensity is a core characteristic of affective events that strongly determines how individuals choose to regulate
their emotions. Our conceptual framework suggests that in high emotional-intensity situations, individuals prefer to disen-
gage attention using distraction, which can more effectively block highly potent emotional information, as compared with
engagement reappraisal, which is preferred in low emotional-intensity. However, existing supporting evidence remains in-
direct because prior intensity categorization of emotional stimuli was based on subjective measures that are potentially
biased and only represent the endpoint of emotional-intensity processing. Accordingly, this study provides the first direct
evidence for the role of online emotional-intensity processing in predicting behavioral regulatory-choices. Utilizing the high
temporal resolution of event-related potentials, we evaluated online neural processing of stimuli’s emotional-intensity (late
positive potential, LPP) prior to regulatory-choices between distraction and reappraisal. Results showed that enhanced neural
processing of intensity (enhanced LPP amplitudes) uniquely predicted (above subjective measures of intensity) increased ten-
dency to subsequently choose distraction over reappraisal. Additionally, regulatory-choices led to adaptive consequences,
demonstrated in finding that actual implementation of distraction relative to reappraisal-choice resulted in stronger attenu-
ation of LPPs and self-reported arousal.
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Introduction Burton, 2013; Sheppes and Levin, 2013; Aldao and Tull, 2015;

Individuals have an impressive ability to actively modify their
emotions using various regulatory strategies. In recent years it
has become clear that while a certain strategy may prove adap-
tive in a particular emotional situation, it may lead to maladap-
tive outcomes in another. Therefore, the ability to adequately
choose between various regulatory strategies in accordance
with differing situational demands is considered to be crucial
for healthy adaptation (see Webb et al,, 2012; Bonanno and

Gross, 2015; Sheppes et al., 2015 for conceptual reviews).

Despite its conceptual importance, empirical examination
of regulatory-choices has only recently become a focus of
interest in the field of emotion regulation (Bonanno et al., 2004;
Sheppes et al., 2011, 2014a; Aldao and Nolen-Hoeksema, 2013).
In several studies, a special focus was devoted to examine how
the evaluation of central characteristics of emotional situ-
ations leads individuals to favor one regulatory strategy over
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the other. For example, the evaluation of how aversive a dental
procedure is likely to be can influence the regulatory-choice
between thinking about unrelated errands during the dental
procedure vs contemplating the long-term benefits of healthy
teeth.

Our recently developed framework (Sheppes and Levin,
2013) demonstrates how the evaluation of one central charac-
teristic of emotional situations, namely their intensity level, in-
fluences the choice between central regulatory strategies
(Reisenzein, 1994. See Dixon-Gordon et al., 2015 for a review).
Emotional-intensity determines the degree of activation in re-
sponse systems that form emotional responses (Bradley et al.,
2001). The regulatory strategies in our conceptual framework
differ in one central dimension, namely whether strategies gen-
erally involve disengaging via diverting cognition away from
emotional situations, or engaging via sustained attention to, or
work on, emotional responses (Parkinson and Totterdell, 1999).
Specifically, one central disengagement regulatory strategy is
distraction, that involves disengaging from emotional contents
by producing unrelated neutral thoughts at an early attentional
deployment stage (Van Dillen and Koole, 2007). One central
engagement regulatory strategy is reappraisal, that involves at-
tentional engagement with emotional information prior to re-
interpreting its initial meaning at a late semantic meaning stage
(Gross, 1998; Sheppes and Gross, 2011).

According to our conceptual framework (Sheppes and Levin,
2013), varying intensity levels of emotional events lead individ-
uals to differentially choose between disengagement distraction
and engagement reappraisal. Particularly, disengagement dis-
traction is more likely to be chosen over reappraisal in high
emotional-intensity situations, because distraction can more ef-
fectively block potent emotional information early before it
gathers force (Sheppes and Meiran, 2007; Sheppes and Gross,
2011; Sheppes et al 2014b; Shafir et al., 2015). In contrast, engage-
ment reappraisal is more likely to be chosen over distraction in
low emotional-intensity situations, because reappraisal effect-
ively modulates mild emotional reactions, while also altering
how emotional events are perceived (Wilson and Gilbert, 2008;
Macnamara et al.,, 2011; Thiruchselvam et al.,, 2011; Blechert
etal., 2012; Denny et al., 2015).

Strong empirical evidence for these regulatory-choices was
demonstrated in many behavioral studies (e.g. Sheppes et al.,
2011, 2014a; Hay et al., 2015; Levy-Gigi et al., 2015; Scheibe et al.,
2015). In a typical study, emotional pictures that vary in their
subjective emotional-intensity level (high vs low) are presented
in different trials. Each picture is followed by participants’
choice of whether they prefer to regulate their emotions via dis-
engagement distraction or engagement reappraisal.

Although these prior behavioral studies provide significant
evidence regarding the role of emotional-intensity level in pre-
dicting which of the two regulatory strategies is more likely to
be chosen, this evidence is indirect. Particularly, in all of these
studies the intensity level categorization of pictorial emotional
stimuli was based on subjective ratings of intensity
[International Affective Picture System (IAPS) normative ratings:
Lang et al., 2008]. Although important, subjective ratings suffer
from several shortcomings. First, subjective ratings are prone to
multiple reporting biases. In our case, self-reports of emotional-
intensity may derive from tacit knowledge regarding how one
should feel, rather than how one actually feels, in response to
emotional pictures (e.g. Nisbett and Wilson, 1997; Rosenthal
and Rosnow, 2009). Most importantly, self-report measures at
best only represent the endpoint or outcome of intensity

information processing, rather than actual underlying online
processing of intensity information.

Therefore, this study was set to provide the first direct evi-
dence of individuals’ online processing of stimuli’s emotional-
intensity in emotion regulation choice. Furthermore, examining
online processing of emotional-intensity would prove particu-
larly useful if it could improve the prediction of subsequent
regulatory-choices, beyond subjective ratings.

In recent years, it has become apparent that neural meas-
ures can be utilized to elucidate underlying processing of cen-
tral attributes of stimuli, that can predict various choice
behaviors (see Fellows, 2004; Rangel et al., 2008; Kable and
Glimcher, 2009; Levy and Glimcher, 2012 for conceptual re-
views). For example, recent studies in neuro-economics applied
underlying neural processing of products’ value to predict prod-
ucts’ chances to be subsequently chosen (e.g. Ravaja et al., 2013;
Telpaz et al.,, 2015. See Fehr and Rangel, 2011; Padoa-Schioppa,
2011 for conceptual reviews).

Drawing from this line of research, in this study we exam-
ined the role of online neural processing of emotional-intensity
in predicting behavioral choices between disengagement dis-
traction and engagement reappraisal. To that end, we employed
event-related potentials (ERPs), which are temporally sensitive
enough to detect rapidly evolving emotional-intensity process-
ing (Luck, 2014). Specifically, we focused on the late positive po-
tential (LPP), perhaps the most well-known ERP component for
measuring online processing of emotional information that
varies in intensity (see Hajcak et al., 2010 for a review). The LPP
is a centro-parietal positive-going wave that becomes evident
~300ms following stimulus onset, showing enhanced ampli-
tudes as the processing of emotional-intensity increases
(Hajcak et al., 2009).

Consistent with our conceptual framework and previous be-
havioral findings, we expected that subjective intensity level of
emotional pictures (high vs low) would strongly predict
regulatory-choices. Specifically, low-intensity stimuli would
lead to reappraisal preference whereas high-intensity stimuli
would lead to distraction preference. Extending prior behavioral
findings and consistent with our framework, we expected
that the neural intensity processing of emotional pictures
(henceforth pre-choice-LPP) would improve the prediction of
subsequent regulatory-choices. Particularly, an increase in pre-
choice-LPP amplitudes would be uniquely associated with
higher chances of subsequently choosing distraction over
reappraisal.

A secondary goal of this study was to explore the conse-
quences of actually executing or implementing regulatory-
choices. To that end, we examined neural intensity processing
during actual implementation of regulatory-choices (henceforth
implementation-LPP), as well as self-reported arousal and un-
pleasantness ratings immediately following regulatory imple-
mentation. Since the LPP reflects the degree of emotional-
intensity processing, its attenuation during regulatory imple-
mentation denotes regulatory success (Hajcak and Nieuwenhuis,
2006; Moser et al., 2006; Dennis and Hajcak, 2009). Congruent
with previous studies showing stronger LPP attenuation during
distraction, as compared with reappraisal implementation
(Thiruchselvam et al.,, 2011; Paul et al., 2013; Schonfelder et al.,
2014), we hypothesized that distraction relative to reappraisal-
choices’ implementation would result in enhanced attenuation
of implementation-LPPs.

Correspondingly, Previous behavioral findings showed
enhanced attenuation of self-reported emotional-intensity
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following distraction, as compared with reappraisal implemen-
tation (Sheppes and Meiran, 2007; Sheppes et al, 2014b).
Accordingly, we predicted that distraction relative to re-
appraisal-choices’ implementation would result in enhanced
attenuation of self-reported arousal and unpleasantness.

Methods
Participants

Twenty-five students participated in the experiment.’ One par-
ticipant who did not complete the experiment was excluded
from analyses. Therefore, the final sample consisted of 24 par-
ticipants (mean age 20.17 years, 14 men).

Stimuli

144 negative pictures were chosen from previously validated
pictorial datasets® (IAPS; Lang et al., 2008). High-intensity pic-
tures (n =72, Marousal = 6.44, Myalence = 2.01) differed significantly
from low-intensity pictures (n=72, Marousal = 5.65, Myalence =
2.85) in both valence and arousal subjective normative ratings
(both Fs > 42.2, Ps < 0.001, ;7p25 > 0.37, c.f. Sheppes et al., 2011,
2014a). Emotional pictures included various negative contents
such as sadness, threat and fear, and were matched across the
two intensity categories when possible.

Procedure

Participants performed an emotion regulation choice task
(Sheppes et al., 2011; Sheppes et al., 2014a; Levy-Gigi et al., 2015;
Shafir et al, 2015) while continuous Electroencephalography
(EEG) was recorded. First, participants learned how to implement
distraction and reappraisal (order of learning counterbalanced
across participants). During this phase, the experimenter made
sure that participants understood the regulation strategies prop-
erly by asking them to talk out loud how they implement each
strategy. If needed, participants were corrected by the experi-
menter. Participants then underwent an eight trial practice
phase (four trials for each intensity category), in which they
practiced choosing between distraction and reappraisal.
Distraction instructions involved forming emotionally neu-
tral thoughts that are unrelated to the emotional picture (i.e.
thinking about familiar streets or about performing daily activ-
ities), thus disengaging attention from emotional contents.
Reappraisal instructions involved engaging with the emotional
picture but reinterpreting its emotional meaning (i.e. thinking

1 Sample size was determined with reference to the vast majority of ERP
studies (including recent articles, e.g. Paul et al, 2013; Schonfelder
et al., 2014) in the field of emotion regulation. We concentrated on all
of the measures that were central to our theoretical predictions, all of
which we report. An additional measure of Visual Working Memory
capacity (Cowan, 2001) was also collected for exploratory purposes.

2 Picture codes were as follows: Low-intensity: 207, 208, 209, 214, 215,
217, 219, 224, 225, 226, 227, 228, 246, 1090, 1201, 1205, 1303, 1930, 2095,
2100, 2110, 2120, 2130, 2141, 2205, 2375.1, 2661, 2683, 2688, 2691, 2692,
2694, 2700, 2710, 2800, 2810, 2900.1, 3160, 3181, 3220, 3230, 3300, 3350,
3500, 6211, 6260, 6300, 6312, 6313, 6315, 6550, 6560, 6570.1, 6821, 6830,
6831, 6834, 6840, 7359, 7380, 8231, 9006, 9041, 9220, 9402, 9421, 9435,
9480, 9594, 9800, 9810, 9920; High-intensity: 102, 105, 107, 112, 121, 123,
126, 127, 231, 232, 234, 235, 236, 237, 238, 239, 240, 242, 243, 244, 245,
247, 248, 250, 1111, 2352.2, 2730, 2981, 3000, 3005, 3010, 3015, 3030, 3051,
3053, 3060, 3062, 3063, 3064, 3068, 3069, 3071, 3080, 3100, 3101, 3102,
3110, 3120, 3130, 3140, 3150, 3168, 3170, 3261, 3266, 3301, 3400, 3550,
6212, 6555, 9040, 9250, 9252, 9253, 9265, 9300, 9301, 9400, 9405, 9420,
9433, 9570.
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that the situation would improve or considering less negative
elements of the emotional situation). We did not allow partici-
pants to form reality challenge reappraisals (e.g. thinking of the
situation as unreal), because these reappraisals function as a
form of disengagement (see Sheppes et al., 2014a, Study 6 for
details).

The task consisted of 144 trials (divided to 6 equally long
blocks, separated by short breaks). Pictures of low and high
emotional-intensity were presented randomly, with the restric-
tion that no more than two trials of the same emotional-
intensity category repeat in sequence.

Each trial (see Figure 1) began with a 1500 ms fixation cross,
followed by a 1000 ms initial preview of the emotional picture
(henceforth pre-choice window), followed by a 1500 ms fixation
cross. Then a 3000ms Choice screen was presented, during
which participants were asked to consider whether they prefer
to regulate their emotions via distraction or reappraisal.
Participants were instructed to choose the regulatory option
which they assume would be more efficient in reducing their
negative emotions in reaction to each emotional picture.
Another screen was then presented and participants were
asked to indicate their chosen strategy by pressing a left or right
button (assignment of button to strategy was counterbalanced
across trials). Following a 1500 ms fixation cross, the same pic-
ture was presented again for 5000 ms, during which participants
implemented their chosen strategy (henceforth implementation
window). The offset of each picture was followed by two 1-9 rat-
ing scales in which participants reported their experienced va-
lence (1 = pleasant, 9 = unpleasant) and arousal (1 = calm, 9 =
excited) using the Self-assessment Manikin (SAM, Lang et al.,
2008).

Electrophysiological recordings, data reduction and
analysis

Scalp EEG was recorded using the Neuroscan recording system
(Neuroscan, Inc., Herndon, VA, USA) from 19 electrode sites (Fz,
FCz, Cz, CPz, POz, Pz, Oz, FP1/2, F3/4, C3/4, CP1/2, P3/4, 01/2), as
well as two additional electrodes placed on the left and right
mastoids. During recording, Pz electrode served as the online
reference. The vertical electrooculogram was recorded from two
electrodes placed ~1cm beneath and above the left eye. EEG
data was sampled at 1000 Hz.

Offline signal processing was carried out using EEGLAB and
the ERPLAB Toolbox (Delorme and Makeig, 2004; Lopez-
Calderon and Luck, 2014). Data from all electrodes were re-
referenced to the average activity of the left and right mastoids.
Continuous EEG data was band-pass filtered (cutoffs: 0.05-20Hz;
12 dB/oct rolloff). Eye-movement artifacts were removed using
an Independent Component Analysis (ICA) approach (Delorme
and Makeig, 2004; Mennes et al., 2010).

For the pre-choice-LPP analysis, the EEG was epoched into
1200 ms segments, starting 200ms (baseline) before the onset of
the pre-choice window and lasting 1000ms (end of the pre-
choice window). Similarly, for the implementation-LPP analysis,
the EEG was epoched into 5200ms segments, starting 200ms
(baseline) before the onset of the implementation window and
lasting 5000ms (end of the implementation window). All trials
exceeding 80 pV within 200 ms were rejected. The mean rejection
rate was 0.75%, SE = 0.01 for the pre-choice window analysis and
0.76%, SE = 0.01 for the implementation window analysis, and
did not vary between conditions [both Fs < 1.69, n.s.].

The pre-choice-LPP was defined as the mean amplitude be-
tween 300 (when it becomes evident, see Hajcak et al., 2010) and
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Fig. 1. Trial structure of the emotion regulation choice task. SAM stands for Self-assessment Manikin.

1000ms (end of the pre-choice window). The implementation-
LPP analysis was defined as the mean amplitude between 300
and 5000ms (end of the implementation window). The LPP was
measured as the average activity over centro-parietal electrode
sites, where it is maximal (CPz, CP1 and CP2, e.g. Thiruchselvam
etal., 2011).

Results

Does neural processing of emotional-intensity improve
regulatory-choice prediction?

Based on our conceptual framework and prior findings, we ex-
pected that for the high relative to the low subjective
emotional-intensity category participants would be more likely
to choose distraction over reappraisal. Importantly, we
hypothesized that beyond the predictive value of subjective
emotional-intensity categorization for regulatory-choices,
increased pre-choice-LPPs would be associated with higher
odds of subsequently choosing distraction over reappraisal.

To test these two hypotheses, we applied a Logistic Mixed
Effects Model (using the PROC GLIMMIX procedure in SAS 9.3;
SAS Institute, Cary, NC, USA). Binary regulatory-choices of all
participants in all trials, either to distract (receiving the value 1)
or to reappraise (receiving the value 0), were entered as a criter-
ion variable, with single-trial subjective emotional-intensity
category (high or low, based on IAPS norms) and single-trial
(continuous) pre-choice-LPPs as predictors. In order to minimize
type I error (see recommendations by Barr et al., 2013), random
slopes were defined for the two predictors (see also
Supplementary Table S1 showing higher fit for this model rela-
tive to alternative models). Since LPP amplitudes differ between
low and high emotional intensities, for each subject separately
every single-trial pre-choice-LPP value of a picture of a certain
intensity category (either high or low) was centered relative to
the average pre-choice-LPP amplitude of the same intensity cat-
egory.®> This procedure enabled us to compare between pre-
choice-LPPs of different intensity categories.

3 Results remain essentially unchanged when re-conducting this ana-
lysis without centering pre-choice-LPP amplitudes.

Confirming our hypothesis, we found a main effect of sub-
jective emotional-intensity category [b = 1.9, F(1,23) = 113.43,P <
0.001], with 6.68 increase of the odds for choosing distraction fol-
lowing high vs low-intensity stimuli [OR = 6.68, P < 0.001, 95%
CIL: (4.63, 9.71)]. Importantly, confirming our second hypothesis
we also found a main effect of pre-choice-LPP amplitudes [b =
0.02, F(1,23) = 17.78, P < 0.001], such that 1 microvolt (uV) in-
crease in pre-choice-LPP amplitudes was uniquely related to 2%
increase of the odds for subsequently choosing distraction over
reappraisal [OR = 1.02, P < 0.001, 95% CI: (1.009, 1.028)]* (see
Figure 2). Given the relatively large uV range of single-trial pre-
choice-LPPs, there is a considerable accumulative increase of the
odds for choosing distraction over reappraisal as pre-choice-LPP
amplitudes increase. Note that we did not expect nor did we find
an interaction between the two predictors [F = 0.04, 95% CI:
(~0.02, 0.02)].

In addition to conventional null hypothesis significance test-
ing, which suffers from several flaws (Cumming, 2013), we esti-
mated the observed effects using likelihood intervals (LIs).” Lls
consist of a set of possible values for the parameter of interest
that are consistent with the observed data. For example, the LI of
the pre-choice-LPP predictor consists of Beta values (i.e. values
which define the relationship between pre-choice-LPPs and
regulatory-choices) supported by the data. Values within the 1/8 LI
(corresponding to a 95.9% CI) are consistent with the data, as they
are no <1/8 as likely as the maximume-likelihood estimate (i.e. the
observed Beta) (Van der Tweel, 2005; Dienes, 2008). Since the log of
the regression slope in logistic regressions is approximately nor-
mally distributed, we used a LI calculation for a mean of normal

4 In the main analyses reported we adopted a conservative approach
that does not involve excluding participants. However, it is important
to note that eight participants showed a very strong tendency to
choose a certain regulatory option, which resulted in having less than
eight trials in some conditions—the minimal recommended number of
trials required to produce a stable LPP (see Moran et al., 2013). However,
re-conducting all analyses reported in the main text while excluding
these participants left all results essentially unchanged.

5 In addition to likelihood intervals, we also performed Bayesian ana-
lyses for the main results (see Supplementary Materials for complete
details). Note that the estimated Bayes Factors supported our key
findings.
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Fig. 2. Prediction of regulatory-choices based on subjective emotional-intensity categories and pre-choice-LPPs. Probability of choosing to regulate via distraction (y-
axis) as a function of uV increase in pre-choice-LPP amplitudes (x-axis), in low (continuous line) and high (dotted line) subjective emotional-intensity categories.
Density of the pre-choice-LPPs and data from individual subjects are included in Supplementary materials (Supplementary Figures S4 and S5, respectively). Note that

for this Figure we used raw (non-centered) pre-choice-LPP amplitudes.

distribution with unknown variance (Dienes, 2008). Observed LIs
for the pre-choice-LPP: 1/8 LI [0.009, 0.028], for emotional-intensity
category: 1/8 LI [1.51, 2.28], for the non-significant interaction be-
tween the two predictors: 1/8 LI [-0.02, 0.02]).

Additional analyses were performed in order to mitigate
concerns related to the neural pre-choice-LPP measure. First,
since pre-choice-LPPs vary considerably across trials and sub-
jects, we confirmed in complementary analyses that the
observed pre-choice-LPP findings are not driven by outliers at
the trial (see Supplementary Figure S6) or subject (see
Supplementary Figure S7) level. Second, we wished to mitigate
the concern that our continuous pre-choice-LPP measure has
predictive value simply because it is more sensitive than the
dichotomous subjective emotional-intensity category meas-
ure. Specifically, we ran two Logistic Mixed Effects Models
where we replaced the dichotomous subjective emotional-
intensity measure with continuous arousal (first analysis) and
valence® (second analysis) emotional-intensity measures (i.e.
the two continuous subjective measures that define the low
and high emotional-intensity categories). Congruent with find-
ings obtained with the dichotomous subjective emotional-
intensity measure, we found a main effect of continuous
arousal [b = 0.76, 1/8 LI (0.64, 0.87), F(1,23) = 210.59, P < 0.001,
OR = 2.13, P < 0.001, 95% CI: (1.91, 2.37)] and valence [b = 1.36,
1/8 LI (1.11, 1.62), F(1,23) = 138.04, P < 0.001, OR = 3.91, P < 0.
001, 95% CI: (3.07, 4.97)]. Importantly, in these models the pre-
choice-LPP remained a meaningful predictor [b = 0.01, 1/8 LI (0.
004, 0.02), F(1,23) = 10.89, P = 0.003, OR = 1.01, P < 0.001, 95% CI:

6 The normative valence scale was reversed so that higher scores indi-
cated higher unpleasantness, as in the valence scale used in our study.

(1.005, 1.02)] in the model including continuous arousal; b = 0.
01, 1/8 LI [0.005, 0.02], F(1,23) = 10.72, P = 0.003, OR = 1.01, P < 0.
001, 95% CI: (1.005, 1.02) in the model including continuous va-
lence]. Note that in an additional analysis that included pre-
choice-LPPs as well as both continuous arousal and valence as
regulatory-choice predictors, pre-choice-LPP remained a mean-
ingful predictor [b = 0.01, 1/8 LI (0.004, 0.02), F(1,23) = 9.9, P = 0.
005, OR = 1.01, P < 0.005, 95% CI: (1.004, 1.022)].

Do regulatory-choices have adaptive consequences?

Attenuation of neural processing during implementation. In this
analysis we tested whether distraction relative to reappraisal-
choices’ implementation resulted in enhanced attenuation of
implementation-LPPs. To equate initial pre-choice-LPP differ-
ences between distraction-chosen and reappraisal-chosen tri-
als, for each condition the mean pre-choice-LPP amplitude
served as a pre-regulation baseline (see Figure 3A) from which
we subtracted the mean implementation-LPP amplitude (see
Figure 3B).” Thus, the outcome variable was computed as (mean
pre-choice-LPP)—(mean implementation-LPP), with higher
scores indicating stronger attenuation of implementation-LPPs
(i.e. stronger regulatory success). We then employed a 2 x 2 ana-
lysis of variance (ANOVA) with Emotional-Intensity Category
(low, high) and Regulatory-Choice (distraction, reappraisal) as
repeated measures factors.® Confirming our hypothesis, we

7 The main results remain essentially unchanged when re-conducting
the implementation-LPP as well as the self-reported ratings analyses
without performing the aforementioned subtractions.

8 One subject that had no distraction-chosen trials in low-intensity was
not included in the ANOVA analyses.
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Fig. 3. Neural consequences of regulatory-choices. Pre-choice-LPP amplitudes (A) and implementation-LPP amplitudes (that do not involve subtraction from mean pre-
choice-LPP amplitudes) (B) for distraction and reappraisal-choice in low and high subjective emotional-intensity categories. Waveforms are averaged across CPz, CP1
and CP2 electrodes. The x-axis runs from the beginning of the baseline (—200 ms pre picture onset) to the end of the picture’s presentation—1000 ms for the pre-choice

window (A) and 5000 ms for the implementation window (B).

found a Regulatory-Choice main effect [F(1,22) = 16.96, P <
0.001, 5,> = 0.4, 1/8 LI (1.29, 4.18)], with higher attenuation of
implementation-LPP amplitudes during distraction (M = 3.97,
SE = 1.11), as compared with reappraisal (M = 1.23, SE = 1.25)
implementation. Note that we did not expect nor did we find an
Emotional-Intensity Category x Regulatory-Choice interaction
[F = 0.003, 95% CI: (~5.3, 5.05), 1/8 LI (~5.51, 5.33)]. Additionally,
this analysis revealed an Emotional-Intensity Category main ef-
fect [F(1,22) = 6.66, P = 0.017, 1,2 = 0.23, 1/8 LI (0.33, 3.95)], with
higher attenuation of implementation-LPP amplitudes in high
(M = 3.67, SE = 1.25) relative to low (M = 1.53, SE = 1.16) inten-
sity, suggesting that regulatory implementation was in general
more efficient when facing high, as compared with
low-intensity stimuli.

Attenuation of self-reported post-regulatory implementation rat-
ings. In these analyses, we tested whether distraction relative to
reappraisal-choices’ implementation resulted in enhanced at-
tenuation of self-reported arousal and unpleasantness. Similar
to the implementation-LPP analysis, the outcome variable was
computed as (mean IAPS normative pre-regulation arousal/va-
lence® ratings) — (mean Subject’s self-reported post-regulation
arousal/valence ratings),” with higher scores indicating stronger
reduction in arousal/unpleasantness (i.e. stronger regulatory
success). We then employed two 2 x 2 ANOVAs for arousal and
valence ratings separately, with Emotional-Intensity Category
(low, high) and Regulatory-Choice (distraction, reappraisal) as
repeated measures factors.®

Self-reported arousal analysis. Confirming our hypothesis that
distraction relative to reappraisal-choice implementation would
result in reduced self-reported arousal levels, we found a
Regulatory-Choice main effect [F(1,22) = 28.72, P < 0.001, 1> =
0.57, 1/8 1I (0.6, 1.43)], with higher attenuation of self-reported
arousal post-distraction (M = 0.72, SE = 0.25), as compared with re-
appraisal (M=-0.29, SE = 0.26) implementation. We did not ex-
pect nor did we find an Emotional-Intensity Category x
Regulatory-Choice interaction [F = 0.31, 95% CL: (-1.2, 1.1), 1/8 LI
(—1.22, 1.18)]. Additionally, this analysis revealed an Emotional-
Intensity Category main effect [F(1,22) = 104.98, P < 0.001, 5,° =
0.83, 1/8 LI (1.1, 1.7)], with higher reduction in self-reported arousal
post-regulation of high (M = 0.92, SE = 0.23) relative to low
(M=-0.48, SE = 0.26) intensity stimuli, suggesting that regulatory
implementation was generally more efficient in reducing arousal
levels of high, as compared with low-intensity stimuli.

Self-reported valence analysis. Somewhat unexpectedly the
direction of the Regulatory-Choice main effect [F(1,22) = 18.09, P
< 0.001, n,> = 0.45, 1/8 LI (0.32, 1)] indicated that reappraisal im-
plementation was associated with higher reduction in self-
reported unpleasantness (M = 2.32, SE = 0.2), as compared with
distraction (M = 1.67, SE = 0.18) implementation. We did not ex-
pect nor did we find an Emotional-Intensity Category x
Regulatory-Choice interaction [F = 0.66, 95% CI: (—0.9, 0.8), 1/8 LI
(—0.9 0.82)]. Additionally, this analysis revealed an Emotional-
Intensity Category main effect [F(1,22) = 5.46, P = 0.029, ,°> = 0.2,
1/8 LI (0.02, 0.54)], with higher reduction in self-reported
unpleasantness post-low (M = 2.13, SE = 0.17) relative to high
(M = 1.86, SE = 0.2) intensity, suggesting that regulatory imple-
mentation was generally more efficient in reducing
self-reported unpleasantness of low relative to high emotional-
intensity stimuli.

Discussion

Although emotional-intensity is considered a central character-
istic of emotional events that strongly influences subsequent
regulatory-choices, little is known about the online processing
of emotional-intensity that leads to choice. This study demon-
strates for the first time that direct neural processing of stimu-
li's  emotional-intensity = uniquely predicts behavioral
regulatory-choices between disengagement distraction and en-
gagement reappraisal.

Consistent with our conceptual framework and previous be-
havioral findings (Sheppes et al.,, 2011, 2014a; Hay et al., 2015;
Levy-Gigi et al., 2015; Scheibe et al., 2015), we found that subjective
intensity level of emotional pictures (high vs low) strongly pre-
dicted regulatory-choices. Specifically, in high relative to low sub-
jective emotional-intensity, disengagement distraction, which
can more effectively block highly potent emotional information
early before it gathers force (Sheppes and Gross, 2011), was more
likely to be chosen, as compared with engagement reappraisal.
Extending these prior behavioral findings and consistent with
our framework, we showed that the neural intensity processing
of emotional pictures improved the prediction of regulatory-
choices. Specifically, increased pre-choice-LPP amplitudes were
uniquely associated with higher odds for subsequent distraction
choice.
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Additionally, in this study we tested the consequences of
implementing regulatory-choices. We predicted and found that
distraction relative to reappraisal-choice implementation re-
sulted in stronger attenuation of implementation-LPPs as well
as self-reported arousal (but not unpleasantness).

The present results enrich our original conceptual framework
(Sheppes and Levin, 2013) by directly elucidating the role of
emotional-intensity in determining regulatory-choices. In our
original conceptual framework, the intensity level predictor of
regulatory-choices was based on subjective intensity categoriza-
tion of emotional stimuli. Although important, subjective inten-
sity only represents the end point of intensity information
processing. Therefore, this study provides the first evidence for
the role of direct neural intensity processing in predicting
regulatory-choices. Moreover, finding similar directionality in
the neural and subjective measures strengthens the conceptual
relationship between enhanced intensity (either neural or sub-
jective) and distraction over reappraisal preference.

Relative to the strong effect of subjective emotional-intensity
category on regulatory-choices, the neural pre-choice-LPP meas-
ure was modest in its contribution. However, we wish to make
several empirical and conceptual arguments that together in-
crease our confidence in the validity of our neural predictor.
Empirically, we were able to show that the unique predictive
value of pre-choice-LPPs could not be attributed to the influence
of trial or subject level outliers, or to the continuous nature of
the pre-choice-LPP measure. In addition, despite the relatively
small odds ratio value, the relatively large pV range of single-
trial pre-choice-LPPs allows a considerable accumulative in-
crease of the odds for choosing distraction over reappraisal as
pre-choice-LPP amplitudes increase. Furthermore, converging
support for the validity of our neural measure was obtained with
analyses that overcome limitations associated with null hypoth-
esis significance testing. Conceptually, the pre-choice-LPP repre-
sents a direct online neural measure of emotional-intensity
processing. As such, the pre-choice-LPP may hint at distal causal
relationships that are crucial for detecting the actual mechan-
ism by which intensity processing influences regulatory-choices
(Lance and Vandenberg, 2009).

This study extends the important contribution of neural
measures in understanding various classic choice behaviors, to
a relatively new choice domain that concerns behavioral
choices in emotion regulation. Although it shares a common
logic with other choice domains, the study of emotion regula-
tion choice is also unique. Neural processing of information in
other choice domains usually predicts external behavioral pref-
erences, such as whether or not to buy a product, which career
path to pursue etc. In contrast, neural measures of information
processing in emotion regulation choice may serve as predictors
of internal preferences for one way to cognitively regulate emo-
tions over another.

Our findings concerning the consequences of regulatory-
choices showed the expected enhanced attenuation of
implementation-LPP amplitudes and self-reported arousal rat-
ings for distraction relative to reappraisal-chosen implementa-
tion. These converging results reflect the notion that the LPP is
highly sensitive to the level of arousal elicited by emotional stim-
uli (Hajcak et al.,, 2010; Weinberg and Hajcak, 2010). Additionally,
both the LPP and the arousal measures conceptually reflect the
degree of activation of the defensive system, which corresponds,
according to some theories, to emotional-intensity (Bradley et al.,
2001). However, the self-reported unpleasantness results were
not consistent with the implementation-LPP and the arousal re-
sults. Specifically, distraction, as compared with reappraisal-
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choice, resulted in decreased attenuation of reported unpleasant-
ness post-implementation. This pattern of results may reflect the
notion that while distraction involved producing neutral but not
positive thoughts, reappraisal may have involved reinterpreting
negative emotional stimuli as more positive (e.g. ‘this man would
eventually recover from his wounds’. See also Parkinson and
Totterdell, 1999; McRae et al., 2010).

Several limitations of this study should be mentioned. First,
we did not measure subjective ratings of stimuli’s emotional-
intensity on a trial-by-trial basis, before participants made their
regulatory-choices. It could be argued that using this measure
as a predictor of regulatory-choices could have further im-
proved the prediction of regulatory-choices. Although possible,
individual’s self-reported emotional-intensity ratings do not
represent underlying online processing of intensity. Moreover,
having participants explicitly rate their perceived intensity in
each trial may increase the saliency of this measure and bias
subsequent regulatory-choices.

Second, since we observed greater pre-choice-LPPs for distrac-
tion relative to reappraisal choice, it could be argued that the
greater subsequent reduction in implementation-LPPs during dis-
traction relative to reappraisal was due to regression to the
mean. More broadly, an exclusive regression to the mean argu-
ment would predict that the higher the pre-choice-LPPs are, the
greater reduction in implementation-LPPs would be observed.
However, the actual observed means suggest that at least in
some instances this is not the case. For example, while pre-
choice-LPPs for high-intensity reappraisal-choice (M = 6.02) were
higher than those of low-intensity distraction-choice (M = 5.28),
less subsequent reduction was observed in implementation-LPPs
of high-intensity reappraisal-choice (M = 2.29), relative to low-
intensity distraction-choice (M = 2.88). In general, when partici-
pants freely choose between regulatory strategies, it is impossible
to control for initial intensity differences in distraction vs re-
appraisal chosen stimuli. Therefore, initial intensity differences
could influence post-choice implementation findings. However,
similar implementation results were obtained in a study that did
not involve regulatory-choices, and thus controlled for initial in-
tensity differences by randomly assigning pictures to regulatory
conditions (Shafir et al., 2015).
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