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Abstract

Savoring is an emotion regulation technique that aims to increase, sustain and deepen positive
emotion. It has been incorporated into several novel, “positive affect” interventions for anxiety,
depression and chronic pain, but has not been studied in a laboratory setting. As such, it is
unknown whether savoring can modulate subjective and neural correlates of emotion-processing
and whether savoring might exert a persistent effect on stimulus processing (i.e., modulating
response at subsequent encounter). Here, 49 participants savored or viewed positive and neutral
pictures, before seeing the same pictures again approximately 20 minutes later without instructions
to savor (or view) pictures. Subjective valence and arousal ratings and the picture-elicited late
positive potential (LPP) were assessed during both tasks. Results showed that savoring increased
participant ratings of picture pleasantness and arousal as well as a picture-elicited LPP. Moreover,
pictures that had previously been savored continued to elicit higher ratings during the subsequent
picture viewing task. A larger LPP was observed for previously savored positive and neutral
pictures during an early portion of picture viewing; later on during picture viewing, this effect
was limited to positive pictures only (i.e., it was not evident for neutral pictures). Results validate
savoring as an effective and durable means of increasing positive emotion and are discussed

in the context of a broader emotion regulation literature, which has primarily examined the
downregulation of negative picture processing.
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1. INTRODUCTION

Savoring is an emotion regulation strategy aimed at increasing, sustaining and deepening
positive emotion (Bryant, 1989). More specifically, savoring is a present-moment focused
technique used to amplify pleasurable aspects of one’s experience (Bryant et al., 2011a),
rather than trying to re-interpret stimuli. In recent years, savoring has been incorporated
into novel, positive-affect-based interventions that aim to reduce anxiety or depression by
increasing positive emotion. In some studies, these interventions have been found to be just
as effective as or even more effective than more traditional therapeutic approaches that aim
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to regulate negative emotion (Craske et al., 2019; see also, Smith & Hanni, 2019). Moreover,
savoring has been found to be helpful in treating chronic pain and substance abuse, by
teaching patients to increase pleasant emotional response to everyday events (Garland et al.,
2015; Garland & Howard, 2018). Yet despite the promise of savoring as an effective emotion
regulation technique in these clinical contexts, savoring has not yet been investigated in a
controlled lab context. For example, it is unknown whether savoring can modulate neural
and subjective correlates of emotion processing, and whether savoring can exert a lasting
change on the processing of stimuli.

Savoring is the process of generating, enhancing and maintaining positive emotion via
experiential absorption (Bryant et al., 2011b). Savoring can be accomplished by sensory-
perceptual sharpening/luxuriating, which can increase physical and psychological pleasure;
marveling, which elicits feelings of awe; and gratitude - i.e., giving thanks for what is
good (Jose et al., 2012). Importantly, savoring is a present-moment focused technique,
which involves willfully seeking out and attending to pleasurable aspects of the here-and-
now (Bryant & Veroff, 2007), rather than trying to change the meaning of stimuli. In

its present-moment focus, savoring is similar to mindfulness, a form of mediation (Kabat-
Zinn, 1994) that has also been incorporated into recent therapeutic approaches (Chiesa

& Serretti, 2011). However, mindfulness differs from savoring because mindfulness aims
at acknowledgment and acceptance of all present-moment experiences and thoughts and
their transient nature, whereas savoring emphasizes experiential absorption in pleasurable
experiences, in particular. Moreover, mindfulness encourages its practitioners to observe
their own experiences and thoughts, thereby creating some distance from them (Bishop et
al., 2004). Therefore, savoring is similar to mindfulness in promoting increased attention
to ongoing events and stimuli, but it is different than mindfulness because it promotes
preferential attention to the positive and willful deepening of engagement with what is
pleasurable.

To examine the effect of savoring in a lab context, we used the late positive potential (LPP),
an event-related potential that has often been used to assess the downregulation of negative
emotion. The LPP is typically measured at parietal electrodes, begins approximately 300
ms after stimulus onset and is larger for emotional compared to neutral stimuli (Cuthbert

et al., 2000; Hajcak et al., 2010). The LPP persists throughout the duration of stimulus
presentation — e.g., 6000 ms or longer (Cuthbert et al., 2000), and is believed to measure
motivated attention toward stimuli (Bradley, 2009). Not only is the LPP larger for negative
and positive compared to neutral stimuli, but it is also sensitive to more fine-grained
distinctions in stimulus salience. For example, the LPP is larger to personally relevant
stimuli, such as pictures of relatives or one’s own face or name (Grasso & Simons, 2011,
Tacikowski & Nowicka, 2010) and to pictures that have been denoted as targets (Schupp

et al., 2007). In addition, the LPP is smaller when participants are asked to reduce their
emotional response to a picture (e.g., Hajcak & Nieuwenhuis, 2006). This has been shown
using a variety of techniques, including cognitive reappraisal, which involves changing the
meaning of stimuli (Hajcak & Nieuwenhuis, 2006; Moser et al., 2009; Parvaz et al., 2012),
distraction, which involves thinking of something else (Thiruchselvam et al., 2011; Uusberg
et al., 2014) and suppression, which involves inhibiting outward expression of emation (Cai
et al., 2016; Moser et al., 2006).
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Yet, the immediate success of an emotion regulation technique may not be the only outcome
that matters. For example, in a therapeutic context, there may be benefits to an emotion
regulation technique that persists across time to affect the way an individual responds to

the same stimulus at a subsequent encounter. Not only would a persistent effect of emotion
regulation save the individual from having to enact the same technique again, but potentially,
persistently altered emotional responses might generalize to other, similar situations and
stimuli. Notably, the LPP has been used to show that the downregulation of negative
emotion regulation appears to persist across time. That is, in a passive picture viewing task,
negative and neutral pictures that were previously reappraised elicited a smaller LPP when
encountered approximately 30 minutes later (MacNamara, Ochsner, et al., 2011). However,
the durability of positive emotion upregulation has not been examined.

Though the LPP is typically measured at parietal electrodes (MacNamara, 2018; Suess &
Abdel Rahman, 2015), preliminary evidence has suggested that emotion regulation strategies
such as reappraisal might also lead to an /ncrease in the frontal LPP (Moser et al., 2014;
Shafir et al., 2015). For instance, positive reappraisal of negative pictures has been found to
increase the early frontal LPP (750-1050 ms post stimulus onset) and reduce a later, parietal
LPP (1000-6000 ms post-stimulus onset; Moser et al., 2014). Similarly, a larger frontal

LPP has been found early on (800-1100 ms post-stimulus onset) during reappraisal (i.e.,
downregulation) of highly arousing negative pictures (compared to distraction and watch
trials; Shafir et al., 2015). Therefore, it has been suggested that the frontal LPP might reflect
cognitive effort associated with willful modulation of stimulus salience (Moser et al., 2014;
Shafir et al., 2015). However, a larger /ate frontal LPP (e.g., 1000 ms onwards) has also been
observed for passive viewing of emotional compared to neutral stimuli (Hajcak et al., 2010,
2011), and for negatively described compared to neutrally described pictures (MacNamara
et al., 2009) — i.e., experimental conditions that should not involve increased effort. And
indeed, the distribution of the LPP is known to become more frontal over time (Foti et al.,
2009; Hajcak et al., 2010). Therefore, one possibility is that early frontal positivities might
be associated with cognitive effort, whereas at least in some tasks, the larger late frontal LPP
might simply reflect increased stimulus salience.

In comparison to the multitude of studies that have examined the downregulation of negative
emotion, there have been relatively few studies that have investigated the upregulation of
positive emotion. Two studies found that when participants were permitted to use any
technique they wanted to increase their emotional response to positive pictures, both the
(parietal) LPP and picture ratings were increased (Baur et al., 2015; Bernat et al., 2011).
However, when participants were instructed to use reappraisal to increase their response to
positive pictures, the LPP was not increased (Krompinger et al., 2008). Therefore, different
emotion regulation strategies might be required when the goal is to /ncrease rather than
decrease emotional responding. Identification of additional strategies for increasing neural
and subjective response to positive stimuli could also provide alternatives that could be
compared to existing strategies (e.g., reappraisal) in terms of their suitability to different
situations or individual preference/ability.

In the current study, we sought to determine whether savoring could effectively modulate
picture processing when enacted in a lab context. We were also interested in knowing
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whether savoring would exert a lasting change in emotional response; that is, whether
pictures that had previously been savored would be processed differently at a subsequent
encounter — a question of relevance to positive affect therapies that aim to exert lasting
improvements in patient well-being (e.g., Craske et al., 2019). We hypothesized that
savoring would increase the LPP and subjective ratings of picture pleasantness and arousal
elicited by positive and neutral picturesl. Furthermore, we thought that these effects would
persist across time and would be evident when pictures were presented without instructions
to savor, approximately 20 minutes later.

2. METHOD

2.1 Participants

Fifty-two undergraduate students (36 female; A/ = 18.98, SD = 0.87) participated in the
experiment for course credit. Three participants failed to complete one of the tasks; therefore
49 participants (34 female; M= 19, SD = 0.89) were included in the final sample. The
sample size was determined by our a priori decision to run the study for a single semester,
with the total Aresulting from the number of undergraduates who signed up to complete the
study during this time. Study procedures were in compliance with the Helsinki Declaration
of 1975 (as revised in 1983), and were approved by the Texas A&M University institutional
review board.

2.2 Materials

One hundred pictures (50 positive; 50 neutral) were selected from the International
Affective Picture System (IAPS; Lang et al., 2005) and Emotional Picture Set (Wessa et
al., 2010)2. Pictures were chosen from two databases in order to provide more options

for picture selection. These positive and neutral pictures were assigned to savor or view
trials (25 positive view, 25 neutral view, 25 positive savor, 25 neutral savor). In order

to counterbalance the pictures savored or viewed across participants, two lists of pictures
were made. The positive pictures assigned to “positive view” on one list were assigned to
“positive savor” on the other list and neutral pictures that were assigned to “neutral view” on
one list were assigned to “neutral savor” on the other list. Pictures were displayed in color
and filled the monitor screen (which measured 48.26 cm, diagonally). Participants were
seated approximately 60 cm from the screen, and the pictures occupied about 40° of visual
angle horizontally and vertically. Each participant saw all pictures exactly one time.

The Self-Assessment Manikin 9-point scales (SAM; Bradley & Lang, 1994) were used by
participants in both tasks to rate the valence and arousal of each picture. Response options

Iwe expected that savoring would modulate the LPP and subjective emotional response to positive and neutral pictures because

our prior work using negative pictures had suggested that extrinsic manipulations can increase the salience of neutral pictures. For
example, negatively described neutral pictures have been found to elicit larger a LPP and more negative ratings compared to neutrally
described neutral pictures (Foti & Hajcak, 2008), and these effects have been found to persist to affect picture viewing 30 minutes later
gMacNamara, Ochsner, et al., 2011).

The pictures were positive (008, 013, 020, 027, 047, 056, 076, 1602,2050, 2530, 2005, 331, 4130, 4490, 4599, 4668, 4692, 4697,
5628, 7200, 7280, 7350, 7480, 8186, 8497, 004, 011, 016, 023, 040, 055, 066, 1500, 1722, 2151, 2655, 330, 2311, 4460, 4575, 4604,
4681, 4693, 5202, 071, 7279, 7281, 7472, 8021, 8465) and neutral (081, 7045, 7059, 7037, 123, 7060, 7234, 140, 162, 7233, 176,
2026, 7061, 275, 283, 335, 7313, 363, 5500, 7009, 7950, 7019, 7030, 7023, 7235, 093, 196, 106, 121, 129, 133, 139, 141, 166, 174,
188, 2039, 2270, 280, 299, 338, 5020, 5520, 7016, 7018, 7026, 7032, 7170, 7496). Picture numbers < 1000 are from the EmoPics
image set and image numbers > 1000 are from the IAPS image set.
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ranged from 1-9, with higher numbers indicating more pleasant valence and more arousing
pictures.

2.3 Procedure

When participants arrived, they were directed to a laboratory room where they were
consented and were asked to complete a demographic questionnaire. Next, participants
performed a savor and view task, which lasted approximately 25-30 minutes; this was
followed by a passive picture viewing task, which lasted approximately 20 minutes. We
used two tasks so that participants would receive a break between tasks, to reduce potential
carryover effects (e.g., so participants were clear that they were simply being asked to view
pictures in the second task and not to change their response in any way), and to allow more
time to pass between savoring and picture viewing, thereby increasing confidence in the
durability of effects. There were no tasks completed between the savor and view task and the
passive picture viewing task. Figure 1 depicts example trials from the savor and view task
(top) and the passive picture viewing task (bottom).

2.3.1 Savor and View Task—~Participants were instructed that they would be viewing
positive and neutral pictures. They were told that before each picture was presented, they
would see the word “VIEW” or “SAVOR?”. Participants were told that when they saw the
word “VIEW?”, they should view the upcoming picture as they normally would, without
trying to change their emotional response. They were told that if they saw the word
“SAVOR?”, they should try to savor the positive emotions they felt in response to the picture.
Prior to beginning the task, participants were instructed in savoring using the following
script:

“In this task, you will be shown neutral and positive pictures. On some trials, you
will see the word “SAVOR” before the picture comes onscreen. On these trials,

we would like you to try to increase your positive feelings towards the picture, by
focusing your attention on and really allowing yourself to feel the positive aspects
of the picture. For example, you might focus on the sensory aspects of the picture,
like how beautiful the colors or shapes are, how delicious a picture of food looks
or how healthy and strong a person looks. You might really draw your attention to
these pleasurable aspects of the picture, blocking out other distractions and trying
to make the pleasurable feelings last as long as possible. Depending on the picture,
you might feel gratitude or awe or you might just take a moment to enjoy life’s
simple pleasures (like a beautiful sunset or a smiling face). No matter which of
these techniques you use, we’d like you to try to increase and sustain your positive
feelings about the picture. This might be more difficult with neutral pictures, but
even if it’s a picture of something that’s not particularly pleasant to you, we’d like
you to try to find something in it that you can appreciate.”

Subsequently, participants completed four practice trials in which they attempted to savor
two positive pictures and two neutral pictures (in random order). Following each practice

trial, the experimenter asked the participant how s/he had savored the picture and provided
additional examples of how this might be done. For example, for a picture of a diver: “For
this picture, you might think about how thrilling or wonderful it would feel to be the diver.
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Or, you might just admire the grace and beauty of this diver — his health and strength, the
blue color of the water, the excitement of being at a sporting event.” And for a picture of a
clock: “So this picture is a neutral picture — it’s probably going to be a little bit harder to
savor this picture than some of the others. However, the point of savoring is to find anything
you can enjoy or experience as pleasurable in the picture, and to really emphasize that.

So for the clock, we could think about how it’s so symmetrical, so organized. It’s such a
useful machine. It keeps a rhythm; it could be soothing to watch the hands go around — sort
of meditative. The black border is a perfect circle. It might also remind us of elementary
school, or some other time when we saw clocks like this.” At the end of each practice trial,
participants rated the picture using the SAM valence and arousal scales.

After the practice, participants began the real experiment. At the beginning of each trial, the
word “SAVOR” or “VIEW” was displayed in white text on a black background for 3000

ms. Following this, a fixation cross was presented for 1500-2000 ms, followed by a positive
or neutral picture for 6000 ms. After picture offset, a fixation cross was shown for 500 ms
followed by the valence rating (until response), a fixation cross for 500 ms and the arousal
rating (until response). The intertrial interval consisted of a white fixation cross presented on
a black background, and varied randomly from 2000-3000 ms.

There were two versions of each task, counterbalanced across participants. In both versions,
there were five blocks of 20 trials each, resulting in a total of 100 trials across the task.
Each block consisted of five positive pictures that were presented on view trials (“positive
view”), five positive pictures that were presented on savor trials (“positive savor”), five
neutral pictures that were presented on view trials (“neutral view) and five neutral pictures
that were presented on savor trials (“neutral savor”). Within these constraints, trial order
was random. Following every block of 20 trials, participants received a self-timed break.
Participants were asked to keep their eyes on the screen the entire time.

2.3.2 Passive Picture Viewing Task—After completing the savor and view task, the
experimenter instructed the participant in the passive picture viewing task. In this task,
participants were asked to simply view positive and neutral pictures and at the end of each
trial, to rate each picture using the valence and arousal scales they had used previously.
Before beginning the task, participants completed four practice trials (two positive, two
neutral), that were shown in random order. During the task, participants viewed all of the
pictures that they had seen previously. Therefore, they saw 25 positive pictures that had
previously been presented on view trials (“positive view”), 25 pictures that had previously
been presented on savor trials (“positive savor™), 25 neutral pictures that had previously been
presented on view trials (“neutral view) and 25 neutral pictures that had previously been
presented on savor trials (“neutral savor™).

Each trial began with the 6000 ms presentation of a positive or neutral picture. After picture
offset, a fixation cross was shown for 500 ms followed by the valence rating (until response),
a fixation cross for 500 ms and the arousal rating (until response). The intertrial interval
consisted of a white fixation cross presented on a black background, and varied randomly
from 2000-3000 ms.
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There were five blocks of 20 trials each, resulting in a total of 100 trials across the task.
Each block consisted of five positive view, five neutral view, five positive savor and five
neutral savor trials; within these constraints, trial order was random. Following every block
of 20 trials, participants received a self-timed break. Participants were asked to keep their
eyes on the screen the entire time.

2.4 Electroencephalographic Recording and Data Reduction

Continuous EEG recordings were collected using an ActiCap and the ActiCHamp amplifier
system (Brain Products GmbH, Gilching Germany). Thirty-two electrode sites were used
based on the 10/20 system. The electrooculogram (EOG) was recorded from four facial
electrodes: two that were placed approximately 1 cm above and below the right eye, forming
a bipolar channel to measure vertical eye movement and blinks and two that were placed
approximately 1 cm beyond the outer edges of each eye, forming a bipolar channel to
measure horizontal eye movements. The EEG data were digitized at 24-bit resolution and a
sampling rate of 1000 Hz.

EEG data were processed offline using BrainVision Analyzer 2 software (Brain Products
GmbH). Data was processed separately for the savor and view task and the passive picture
viewing task. For each task, data were segmented for each trial beginning 200 ms prior to
stimulus onset and lasting throughout the entire duration of picture presentation (6200 ms
in total); baseline correction for each trial was performed using the 200 ms pre-stimulus
period. The signal from each electrode was re-referenced to the average of the left and

right mastoids (TP9/10) and band-pass filtered with high-pass and low-pass filters of 0.01
and 30 Hz, respectively. Eyeblink and ocular corrections used the method developed by
Miller, Gratton, and Yee (1988). Artifact analysis was used to identify a voltage step of more
than 50.0 pV between sample points, a voltage difference of 300.0 uV within a trial, and a
maximum voltage difference of less than 0.50 uV within 100-ms intervals. Trials were also
inspected visually for any remaining artifacts, and data from individual channels containing
artifacts were rejected on a trial-to-trial basis.

The LPP during both tasks was scored at 1) a pooling of Fz, Cz, Fcl, and Fc2 (Langeslag &
van Strien, 2013; Moser et al., 2014) and 2) a pooling of Pz, Oz, O1, and O2 (MacNamara,
2018; Suess & Abdel Rahman, 2015), from 400-1000 ms and 1000-6000 ms3. Electrode
poolings were determined from examining condition headmaps, in which amplitudes were
larger at parietal sites in the earlier time window and at fronto-central sites in the later

time window. Electrode pools were also selected based on research indicating that the

LPP, which is a broadly distributed midline component consisting of multiple, overlapping
positivities (Foti et al., 2009), is typically maximal at parietal sites early on during stimulus
presentation, and becomes more frontally maximal over time (Foti et al., 2009; Hajcak et al.,
2010). Therefore, poolings were chosen so that they would not overlap with each other, but
would still capture the full spatial distribution of the LPP as it changed over time.

3When the late LPP was analyzed during shorter time windows (1000-3500 ms and 3500-6000 ms), results were in line with those
presented in the main text.
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2.5 Data Analyses

Valence and arousal ratings were analyzed using 2 (picture type: neutral, positive) X

2 (condition: view, savor) repeated measures analyses of variance (ANOVA), performed
separately for each task. The LPP was analyzed using 2 (picture type: neutral, positive)

X 2 (condition: view, savor) repeated measures ANOVAS, performed separately for each
task and for each time window (400-1000 ms and 1000-6000 ms) and electrode pooling
(fronto-central and parieto-occipital). The number of rejected trials were also analyzed using
a 2 (picture type: neutral, positive) X 2 (condition: view, savor) repeated measures ANOVA.
Significant effects were followed up using paired #tests, as appropriate. All analyses were
performed using SPSS statistical software version 25.0 (IBM, Armonk, NY).

3. RESULTS

All data are open and available on the Open Science Framework (https://osf.io/tucéx/) and
we report all conditions, measures, manipulations, and data exclusions. Table 1 presents
mean valence and arousal ratings and LPP amplitudes, shown separately for the four
conditions in each task. The average percent of trials rejected per participant for the savor
and view task ranged from 3% to 8% of trials (Positive Savor: M= 5.68%, SD = 0.09;
Positive View: M= 4.99%, SD = 0.08; Neutral Savor: M= 5.08%, SD = 0.08; Neutral
View: M=5.63%, SD = 0.08). The percentage of trials rejected did not vary by picture
type, condition or the interaction between picture type X condition, ps > .083. The average
percent of trials rejected per participant for the passive picture viewing task ranged from
3% to 5% of trials (Positive Savor: M= 3.53%, SD = 0.05; Positive View: M= 3.72%,
SD = 0.06; Neutral Savor: M= 3.87%, SD = 0.06; Neutral View: M= 4.33%, SD = 0.06).
The percentage of trials rejected did not vary by picture type, condition or the interaction
between picture type X condition, ps>.171.

3.1 Subjective Ratings

3.1.1 Savor and View Task—There was a main effect of picture type for valence
ratings, A1, 48) = 310.24, p< .001, an = .87, such that positive pictures were rated as
more pleasant than neutral pictures. There was also a main effect of condition, A1, 48) =
81.28, p<.001, npz = .63, indicating that the pictures presented on savor trials were rated
as more pleasant than those presented on view trials. These effects were qualified by an
interaction between picture type X condition, A1, 48) = 18.34, p< .001, npz =.28, such
that the effect of savoring was larger for neutral pictures than for positive pictures. For
arousal ratings, there was also a main effect of picture type, A1, 48) = 202.87, p<.001,

npz = .81, indicating that positive pictures were rated as more arousing than neutral pictures.
Additionally, there was a main effect of condition, A1, 48) =51.11, p<.001, npz =.52,
such that pictures presented in the savor condition were rated as more arousing than pictures
presented in the view condition. The interaction between picture type X condition did not
reach significance for arousal ratings, p = .509.

3.1.2 Passive Picture Viewing Task—There was a main effect of picture type for
valence ratings, A1, 48) = 306.78, p< .001, T]p2 = .87, such that positive pictures were
rated as more pleasant than neutral pictures. There was also a main effect of condition, A1,
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48) = 18.89, p<.001, npz = .28, indicating that participants rated pictures that had been
presented in the savor condition as more pleasant than those that had been presented in the
view condition. The interaction between picture type X condition did not reach significance
for valence ratings, p = .838. For arousal ratings, there was a main effect of picture type, A1,
48) = 154.52, p<.001, npz = .76, such that positive pictures were rated as more arousing
than neutral pictures. There was also a main effect of condition for arousal ratings, A1, 48)
=3.98, p=.052, npz =.08, indicating that pictures that had been presented in the savor
condition were rated as more arousing than pictures that had been presented in the view
condition. The interaction between picture type X condition did not reach significance for
arousal ratings, p = .525%.

3.2.1 Savor and View Task—TFigure 2 depicts the grand-averaged waveforms for the
savor and view task at the fronto-central and parieto-occipital sites at which the LPP was
scored, as well as headmaps depicting voltage differences between conditions, from 400 —
1000 ms (left) and 1000 — 6000 ms (right) following picture onset.

3.2.1.1 400-1000 ms: At the fronto-central pooling, a main effect of picture type, A1,
48) = 100.30, p<.001, npz = .68 indicated that positive pictures elicited larger amplitudes
than neutral pictures. Additionally, at the fronto-central pooling, a main effect of condition,
A1, 48) = 22.46, p< .001, T]p2 = .32 indicated that pictures presented on savor trials
elicited larger a LPP than those presented on view trials. The two -way interaction between
picture type X condition did not reach significance at the fronto-central pooling, p=.14.
For the parieto-occipital pooling, a main effect of picture type, A1, 48) = 16.06, p < .001,
npz = .25 indicated that positive pictures elicited larger amplitudes than neutral pictures.
Moreover, a main effect of condition, A1, 48) = 8.67, p=.005, an =.15 indicated that
pictures presented on savor trials elicited a larger LPP than those presented on view trials.
The two-way interaction between picture type X condition did not reach significance at the
parieto-occipital pooling, p=.220.

3.2.1.2 1000-6000 ms: At the fronto-central pooling, a main effect of picture type, A1,
48) = 18.45, p<.001, np2 = .28 indicated that positive pictures elicited larger amplitudes
than neutral pictures. Additionally, at the fronto-central pooling, a main effect of condition,
A1, 48) =19.41, p<.001, Tlp2 = .29 indicated that savored pictures elicited a larger

LPP than those presented on view trials. The two-way interaction between picture type

X condition did not reach significance at the fronto-central pooling, p=.500. At the
parieto-occipital pooling, a main effect of picture type, A1, 48) =5.93, p=.019, an =.11
indicated that positive pictures elicited larger amplitudes than neutral pictures. However, at

4Unstandardized residuals were used to examine correlations between the valence and arousal ratings and the LPP for both time
windows and poolings for each task. Residual scores were used because they allow for better isolation of the variance unique to

each condition and effective for analyses involving individual differences (Meyer et al., 2017). The residual scores for each task

were created by entering responses to the view condition as a predictor of responses to the savor condition (averaged across picture
type), computed separately for each variable (LPP, valence and arousal ratings). Unstandardized residuals from these regressions were
saved for each participant and were used in subsequent correlational analyses. For the savor and view task, there were no significant
associations between valence or arousal ratings and LPPs (all ps > .08, 75 < .26). Similarly, for the picture viewing task, there were no
significant associations between valence or arousal ratings and the LPP (all g5 > .14, 15 < .22).
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the parieto-occipital pooling, the main effect of condition did not reach significance, p=
.114. The two-way interaction between picture type X condition did not reach significance at
the parieto-occipital pooling, p=.222.

3.2.2 Passive Picture Viewing Task—Figure 3 depicts the grand-averaged waveforms
for the passive picture viewing task at the fronto-central and parieto-occipital sites at which
the LPP was scored, as well as headmaps depicting voltage differences between conditions
from 400 — 1000 ms (left) and 1000 — 6000 ms (right) following picture onset.

3.2.2.1 400-1000 ms: At the fronto-central pooling, a main effect of picture type, A1, 48)
=71.31, p<.001, npz = .60 indicated that positive pictures elicited larger amplitudes than
neutral pictures. Additionally, at the fronto-central pooling, a main effect of condition, A1,
48) =5.85, p=.019, npz =.11 indicated that pictures that had been presented on savor
trials elicited a larger LPP than those that had been presented on view trials. The two-way
interaction between picture type X condition did not reach significance at the fronto-central
pooling, p=.485. For the parieto-occipital pooling, a main effect of picture type, A1, 48)
=20.95, p<.001, npz = .30 indicated that positive pictures elicited larger amplitudes than
neutral pictures. Moreover, a main effect of condition, A1, 48) = 8.42, p=.005, np2 =.15
indicated that pictures that had been presented on savor trials elicited a larger LPP than those
that had been presented on view trials. The two-way interaction between picture type X
condition did not reach significance at the parieto-occipital pooling, p=.062.

3.2.2.2 1000-6000 ms: At the fronto-central pooling, a main effect of picture type, A1,
48) = 42.64, p< .001, T1p2 = .47 indicated that positive pictures elicited larger amplitudes
than neutral pictures. However, at the fronto-central pooling, the main effect of condition did
not reach significance, p=.107. The two-way interaction between picture type X condition
did not reach significance at the fronto-central pooling, p=.722. At the parieto-occipital
pooling, a significant main effect of picture type, A1, 48) = 14.84, p<.001, np2 =.24
indicated that positive pictures elicited larger amplitudes than neutral pictures. Moreover, a
main effect of condition, A1, 48) = 7.31, p=.009, npz = .13 indicated that pictures that had
been presented on savor trials elicited a larger LPP than those presented on view trials. This
was qualified by an interaction between picture type X condition, A1, 48) = 4.33, p=.040,
npz =.08. Follow-up tests indicated that positive pictures that had been presented on savor
trials elicited a larger LPP than viewed pictures, {48) = 3.11, p=.003, but there was no
effect of condition for neutral pictures, p=.905.

4. DISCUSSION

To-date, the field of emotion regulation has focused nearly exclusively on the
downregulation of negative emotion. Here, we performed the first experimental investigation
of savoring, a technique for increasing positive emation that is based on experiential
absorption, and we examined the persistence of savoring’s effects over time (i.e., 20 minutes
later). Results showed that savoring increased both subjective and neural response to positive
and neutral pictures. Moreover, during a subsequent encounter with the same stimuli (in the
absence of instructions to savor), pictures that had previously been savored were rated as
more pleasant and more arousing and continued to elicit a larger LPP, compared to pictures
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that had been not been savored. Therefore, savoring appears to be an effective and lasting
means of increasing both positive emotion and the electrocortical processing of pictures.

Prior work that has attempted to increase positive emotion using other emotion regulation
techniques has yielded mixed results (Baur et al., 2015; Bernat et al., 2011; Krompinger et
al., 2008). Some of these techniques, such as cognitive reappraisal, likely increase cognitive
load, because participants are required to generate an alternative interpretation of a picture,
and then hold that interpretation in mind for the remainder of picture presentation. Working
memory load has been shown to reduce the parietal LPP (MacNamara, Ferri, et al., 2011).
Therefore, one possibility is that cognitively demanding techniques such as reappraisal may
be contraindicated when the goal is to /ncrease and sustain emotional picture processing.
Indeed, in one study in which positive pictures were described in positive compared to
neutral terms (i.e., when participants were given stimulus reappraisals instead of generating
them themselves), positively described positive pictures didelicit a larger parietal LPP (Liu
et al., 2019), suggesting that when reappraisal of positive pictures is not effortful, it may
successfully increase picture salience.

In contrast to reappraisal, savoring may be less effortful, because it does not rely on meaning
change (Strauss et al., 2016). Therefore, savoring might be effective in increasing positive
emotion in part because it does not incur undue cognitive demands. Nonetheless, during

the early time window of the savor and view task, we found that savoring increased both

the parieto-occipital and fronto-central LPP, the latter of which has been hypothesized to
reflect cognitive effort during reappraisal (Moser et al., 2014; Shafir et al., 2015). Moreover,
during the later time window, savoring only increased the fronto-central LPP. Therefore, we
cannot rule out the possibility that savoring is an effortful emotion regulation technique.
Indeed, in the absence of a direct comparison with reappraisal, it is impossible to determine
whether savoring is less cognitively demanding, or whether it is more (or less) effective than
cognitive reappraisal at increasing positive emotion under certain circumstances. Instead, the
current results provide the first evidence that savoring is an effective means of increasing
subjective and neural response to pictures and that it provides a viable alternative to other
emotion regulation strategies such as reappraisal, whose effectiveness with positive stimuli is
questionable.

In future work, it may also be important to compare savoring and mindfulness. Both
savoring and mindfulness involve increased attention to the present moment, however only
savoring involves an exclusive focus on the positive aspects of experience (Lindsay &
Creswell, 2017). Depending on the way in which mindfulness has been operationalized, it
has been found to decrease (Zhang et al., 2019) or increase (Egan et al., 2018) the LPP to
positive, negative and neutral stimuli. In thinking about how savoring might exert a different
effect than mindfulness, we suspect that if participants were asked to savor a negative picture
(i.e., seek out and attend to any pleasurable/least negative aspects of the picture, while
attempting to increase positive emotion to the picture), a) that the LPP would be reduced,
not increased and b) that participants would rate these pictures as less negative. This would
be in keeping with our prior work, in which attention to the positive aspects of a negative
picture reduced the LPP (Ferri et al., 2013; Hajcak et al., 2013). Therefore, we suspect that
savoring would exert a different effect on negative compared to positive pictures (unlike
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mindfulness). In sum, we believe that while there is some overlap in mechanism between
mindfulness and savoring, that these approaches are not equivalent and that savoring is not
reducible to increased attention.

For an emotion regulation technique to be effective at improving well-being (e.g., in a
clinical context), it should be capable of inducing a lasting change in stimulus processing.
Cogpnitive reappraisal has been found to reduce the processing of negative pictures 30
minutes later (MacNamara, Ochsner, et al., 2011). By contrast, distraction, which may
effectively reduce the processing of stimuli in the short-term, appears to increase neural and
subjective response upon subsequent encounter with stimuli, perhaps because stimuli seem
more salient when they are not processed as deeply/not fully attended at initial encounter
(Paul et al., 2016). Therefore, not all emotion regulation techniques that are effective in
the short-term may be desirable in the longer-term. Here, pictures that had previously been
savored continued to elicit increased ratings of pleasantness and arousal as well as a larger
LPP approximately 20 minutes later, demonstrating that savoring exerts a lasting effect

on the LPP. Not every task manipulation leaves a lasting effect on the LPP, even with
much shorter lapses in time. For example, pictures that elicit a larger LPP in one block

of a task because they are denoted as targets do not continue to elicit a larger LPP during
subsequent task blocks (e.g., Schupp et al., 2007). Therefore, it is significant that savoring
persisted to increase the LPP elicited by pictures presented 20 minutes later (i.e., this is
not something that happens in every task). Nonetheless, given recent evidence that other
emotion regulation techniques, such as reappraisal, can persist up to 24 hours later (Denny
et al., 2015; Hermann et al., 2017), future research may wish to explore the extent of this
lasting effect over longer periods of time.

In regards to the topography of the effects observed here, prior work has found that in

the absence of a pictorial stimulus, /imagining emotional scenarios (MacNamara, 2018;
Suess & Abdel Rahman, 2015) also increased the parieto-occipital LPP. Therefore, an
increased parieto-occipital LPP might reflect processes that are shared between imagining
and savoring, such as the representation of embellished stimulus features that are not evident
in the visual percept/cannot be seen. For example, if a participant initially savored a picture
of a flower by focusing on the color of the flower, when the participant saw the flower
again, s’/he might imagine the color of the flower as brighter or deeper than a participant
who had initially seen the picture in the view condition. In regards to the specificity of
effects in the late time window to positive pictures only during the passive view task, one
possibility is that savoring-based enhancements in picture-processing are more memorable
because positive stimuli are better suited to savoring than neutral stimuli. Nonetheless, we
did observe a main effect of condition during the early time window in the passive view
task, indicating that even neutral pictures that had been savored continued to elicit a larger
LPP early on during subsequent encounter, though this effect did not persist throughout the
duration of stimulus presentation.

When participants were actively engaged in savoring pictures (i.e., during the savor and view
task), the LPP was increased for both neutral and positive pictures in both time windows.
These results are in line with prior work, which found that the LPP to both emotional

and neutral pictures was sensitive to extrinsic manipulations of stimulus salience (i.e.,
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picture descriptions; MacNamara et al., 2009), indicating that effects were not restricted

to emotional stimuli. Moreover, during the savor and view task, the effect of savoring on
valence ratings was larger for neutral compared to positive pictures. This may be because
there was more “room” for savoring to increase valence ratings for neutral pictures; by
contrast, ratings for positive pictures may have been constrained by a ceiling effect. Similar
results have been observed previously; that is, negative compared to neutral descriptions
have been shown to more strongly modulate valence ratings for neutral compared to negative
pictures (MacNamara et al., 2009).

While the current results provide the first experimental validation of savoring as a technique
for increasing positive emotion, it is worth noting that the current study measured emotional
responses to positive and neutral pictures (e.g., self-reported valence and arousal ratings),
rather than participants’ ongoing mood or affect. As such, direct connections to positive-
affect-based interventions that incorporate savoring are limited. Additionally, a limitation
of this study is that we did not ask participants if they used savoring or an alternative
technique to increase positive emotion; therefore, we cannot attribute the results to savoring
with complete certainty.

In sum, the current results show that savoring is an effective and lasting means of increasing
subjective and neural response to positive pictures. Results validate this untested emotion
regulation technique, increase confidence in the notion that it is possible to willfully increase
positive emotion and deliver a paradigm for investigating a potential mechanism of change
in novel psychiatric interventions.
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Figure 1.
A depiction of sample trials from the savor and passive picture viewing tasks.

Psychophysiology. Author manuscript; available in PMC 2022 March 01.

Page 17



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Wilson and MacNamara Page 18

Positive View - 1 Positive View -
Neutral View o o —Neutral Savor Neutral View
VN \ ---- Neutral View
= [ Pars oFg2 ) —Positive Savor
6 \ oL e ) -~ Positive View

=
o 2
Positive Savor- El okt Positive Savor-
Neutral Savor g Neutral Savor
< 2
4
6
8
10
0 1000 2000 3000 4000 5000 6000
Neutral Savor - Time (ms) Neutral Savor -
Neutral View Neutral View

Positive Savor -
Positive View

Positive Savor -
Positive View

Amplitude (V)

—-— 000002020 0 =
| 10 s
2w owv 25w 0 1000 2000 3000 4000 5000 6000 2w owv 25uv
400ms - 1000ms Time (ms) 1000ms - 6000ms

Figure 2.
Grand-averaged waveforms elicited by pictures in each of the four conditions in the savor

and view task at fronto-central (top center) and parieto-occipital (bottom center) poolings
where the LPP was scored and headmaps depicting voltage differences, from 400-1000 ms
(left) and 1000-6000 ms (right) after picture onset.
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Figure 3.

Grand-averaged waveforms elicited by pictures in each of the four conditions in the passive
picture viewing task at fronto-central (top center) and parieto-occipital (bottom center)
poolings where the LPP was scored and headmaps depicting voltage differences, from 400—
1000 ms (left) and 1000-6000 ms (right) after picture onset.
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Table 1
Mean (SD) LPP and Picture Ratings
Savor and View Task Passive Picture Viewing

Neutral Neutral Positive Positive Neutral Neutral Positive Positive

View Savor View Savor View Savor View Savor
Fronto-central
(400-1000 ms;  -0.52(4.02) 058(4.10)  2.58(4.01)  4.69(453) -2.16(3.73) -0.88(4.15) 2.09 (4.64)  2.74 (4.56)
Hv)
Parieto-
occipital (400- 274 (3.48)  3.12(3.85)  3.66(3.56) 4.71(3.72) 3.58(3.59) 3.73(3.69)  4.61(4.35)  5.93(4.39)
1000 ms; pVv)
Fronto-central
(1000-6000 166 (5.62) 3.96(5.68)  3.66(5.06) 6.75(6.02) -0.40(5.13) 0.77(5.91) 3.40(6.52)  4.09 (6.65)
ms; UV)
Parieto-
E’fgg(’)'faﬁ'ooo -221(417) -2.16(5.07) -146(4.29) -022(5.35) -1.10(4.01) -103(3.87) -0.46(4.28) 168 (5.25)
ms; pV)
Valence 4.42(1.03) 566(1.00) 6.38(0.94)  7.14(0.60) 4.36(1.09) 454(0.93) 6.47(0.81)  6.67 (0.69)
Arousal 247 (1.09)  3.08(1.34)  4.22(150) 476(l.44)  241(1.14)  2.46(1.09)  4.19(1.43)  4.30(1.44)

Note: Valence and arousal were rated on the 1 to 9 Likert SAM scales with higher numbers indicating more pleasant and arousing affect.
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