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In his seminal works, Endel Tulving argued that functionally distinct memory systems give rise to subjective
experiences of remembering and knowing (i.e., recollection- vs. familiarity-based memory, respectively). Evidence
shows that emotion specifically enhances recollection, and this effect is subserved by a synergistic mechanism
involving the amygdala (AMY) and hippocampus (HC). In extreme circumstances, however, uncontrolled
recollection of highly distressing memories may lead to symptoms of affective disorders. Therefore, it is
important to understand the factors that can diminish such detrimental effects. Here, we investigated the effects
of Focused Attention (FA) on emotional recollection. FA is an emotion regulation strategy that has been proven
quite effective in reducing the impact of emotional responses associated with the recollection of distressing
autobiographical memories, but its impact during emotional memory encoding is not known. Functional MRI and
eye-tracking data were recorded while participants viewed a series of composite negative and neutral images
with distinguishable foreground (FG) and background (BG) areas. Participants were instructed to focus either on
the FG or BG content of the images and to rate their emotional responses. About 4 days later, participants’
memory was assessed using the R/K procedure, to indicate whether they Recollected specific contextual details
about the encoded images or the images were just familiar to them – i.e., participants only Knew that they saw
the pictures without being able to remember specific contextual details. First, results revealed that FA was
successful in decreasing memory for emotional pictures viewed in BG Focus condition, and this effect was driven
by recollection-based retrieval. Second, the BG Focus condition was associated with decreased activity in the
AMY, HC, and anterior parahippocampal gyrus for subsequently recollected emotional items. Moreover, corre
lation analyses also showed that reduced activity in these regions predicted greater reduction in emotional
recollection following FA. These results demonstrate the effectiveness of FA in mitigating emotional experiences
and emotional recollection associated with unpleasant emotional events.

1. Introduction
Understanding the differences between recollection- and familiaritybased retrieval and the factors that influence them has been a funda
mental goal of memory research for a long time (Tulving, 1982, 1985).

Emotion is a critical factor, and there is evidence that memory for
emotional events tends to be accompanied by an enhanced sense of
recollection (Dolcos et al., 2005; Ochsner, 2000; Sharot et al., 2007;
Talarico et al., 2004). Linked to this behavioral effect, brain imaging
evidence points to a role of the amygdala (AMY) and hippocampus (HC)
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as part of a synergistic mechanism in which emotion enhances recol
lection and vice versa. In extreme circumstances, however, uncontrolled
recollection of memories for highly distressing events and rumination on
such memories may lead to the development of clinical conditions such
as post-traumatic stress disorder and depression. Therefore, it is
important to identify factors that can diminish such detrimental effects,
based on identifying task manipulations that can reduce the experienced
emotion during encoding and its subsequent impact on memory recol
lection. Focused Attention (FA) is an emotion regulation strategy that has
been proven effective in reducing the impact of emotional responses
associated with the recollection of distressing autobiographical mem
ories (Denkova et al., 2015; Iordan et al., 2019). However, it remains
unclear whether its engagement during encoding can influence the
subsequent memory for emotional events. Here, we investigated the
neural mechanisms associated with the impact of FA on emotional
recollection, using functional magnetic resonance imaging (fMRI) in a
sample of healthy adults.

dissociable mechanisms between recollection and familiarity (Ranga
nath and Ritchey, 2012; Slotnick, 2013).
Regarding the effect of emotion, previous studies have shown that
the memory-enhancing effect of emotion specifically modulates recol
lection rather than familiarity (Dolcos et al., 2005; Ochsner, 2000;
Sharot et al., 2007; Talarico et al., 2004). At the neural level, successful
retrieval of emotional items based on recollection was associated with
greater activity in the AMY and HC compared to familiarity-based
retrieval (Dolcos et al., 2005). This suggests that, in addition to
emotional encoding (e.g., Dolcos et al., 2004b; Kensinger and Corkin,
2004) and consolidation (Ritchey et al., 2008), AMY-HC interactions
play a critical role in emotional retrieval through a synergistic mecha
nism in which emotion and recollection enhance each other (Dolcos
et al., 2005). However, it is not clear how these mechanisms are affected
by emotion regulation engaged during encoding.

1.1. Neural mechanisms of emotional memory

Research on emotion regulation (ER) – i.e., the processes influencing
which, when, and how emotions are experienced and expressed – has
established that the ability to cope adaptively with emotionally chal
lenging situations is vital for both physical and mental health (Gross,
2008, 2015). While significant progress has been made in elucidating
the neural mechanisms associated with the effects of engaging specific
ER strategies on immediate emotional experiences (e.g., Buhle et al.,
2014; Dorfel et al., 2014; Ochsner et al., 2012), relatively less is known
about the neural correlates of the long-term impact of ER on emotional
memory. Clarifying the mnemonic consequences of ER is important for
understanding both healthy functioning and alterations associated with
affective disorders in which an excessive focus and rumination on
negative memories and emotion dysregulation are often among the core
debilitating features (Dalgleish and Werner-Seidler, 2014; Dolcos,
2013). Forgetting or diminishing the impact of unwanted negative
memories, therefore, may serve an adaptive function, given an appro
priate context (Dunn et al., 2009; Nørby, 2015).
Although current neuroimaging evidence regarding the impact of ER
on emotional memory is still scarce, a few studies have demonstrated
that engaging ER strategies can either enhance or inhibit the impact of
emotion on memory through modulation of the bottom-up MTL-based
mechanisms and/or top-down PFC-based mechanisms (Binder et al.,
2012; Hayes et al., 2010; Kaneda et al., 2017; Katsumi and Dolcos,
2018). For instance, studies examining the effect of emotional sup
pression (i.e. attempts to inhibit the external expression and/or internal
experience of emotion; Dunn et al., 2009; Gross, 2008) revealed that
engaging this ER strategy during encoding of negative material led to
reduced subsequent memory for the suppressed stimuli, and this effect
was paralleled by decreased activity and/or functional connectivity in
the AMY, HC, and lateral PFC linked to successful encoding (Binder
et al., 2012; Hayes et al., 2010; Katsumi and Dolcos, 2018). It remains
unclear, however, whether similar mechanisms would be observed with
respect to the impact of other ER strategies on emotional encoding, and
how this affects recollection-vs. familiarity-related emotional memory.
Focused attention (FA) is part of the so-called attentional deployment
family of ER strategies, which typically involve shifts in attention away
from emotional aspects of the stimulus, or away from the stimulus
altogether, in order to alter emotional responses (Gross, 2008; Sheppes
et al., 2014). A meta-analysis of behavioral studies has demonstrated the
effectiveness of attentional deployment in regulating emotions (Webb
et al., 2012). Notably, attentional deployment strategies such as FA are
considered more efficient than other strategies (e.g., cognitive reap
praisal) in controlling emotional responses, as their fast deployment
enables intervention in the earlier stages of the emotion-generative
sequence (Paul et al., 2013; Thiruchselvam et al., 2011). In fact, atten
tional deployment was found to be effective in modulating emotional
responses even when it was engaged after a substantial delay, following
the onset of emotion-eliciting stimuli (Sheppes and Meiran, 2007).

1.3. The impact of emotion regulation on memory

There is abundant evidence suggesting that emotional events are
better and more vividly remembered than non-emotional, neutral ones
(Christianson, 1992; Phelps, 2004). Previous research has investigated
the impact of emotion on episodic memory at various stages, from the
initial encoding and early consolidation to subsequent retrieval of
memory representations (reviewed in Dolcos et al., 2012; Dolcos et al.,
2017; LaBar and Cabeza, 2006; Dolcos et al., 2019). In general, available
evidence points to the existence of multiple neural routes involved in the
impact of emotion on episodic memory. Structures of the medial tem
poral lobe (MTL), such as the AMY and HC, enhance emotional memory
through direct/bottom-up neurohormonal interactions during success
ful emotional encoding (e.g., Dolcos, LaBar and Cabeza, 2004b; Ken
singer and Corkin, 2004; Kensinger and Schacter, 2006), consolidation
(e.g., McGaugh, 2004; Ritchey et al., 2008), and retrieval (Dolcos et al.,
2005; Kensinger and Schacter, 2005). Non-MTL structures, such as the
prefrontal cortex (PFC) and parietal cortex, also contribute to emotional
memory processes by top-down modulation of MTL activity through
semantic elaboration, executive control, and attention (Dolcos, LaBar
and Cabeza, 2004a; Kaneda et al., 2017; Ritchey et al., 2011). The focus
here is on MTL mechanisms.
1.2. Mechanisms of recollection-vs. familiarity-based memory
In addition to dissociating the neural correlates of subsequent
remembering vs. forgetting at the basic level (Kim, 2011; Murty et al.,
2011; Paller and Wagner, 2002), previous studies have also identified a
finer distinction between different types of subjective experiences
associated with successful memory retrieval. In their seminal works,
Tulving and colleagues proposed that there are multiple functionally
distinct memory systems (Tulving, 1982, 1985; Tulving and Marko
witsch, 1998; Tulving and Schacter, 1990). Specifically, the authors
argued that episodic and semantic memory give rise to two different
kinds of consciousness – autonoetic and noetic, respectively – that, in
turn, are expressed in subjective experiences of remembering and
knowing. Tulving’s (1985) so-called Remember/Know paradigm distin
guishes recognition memory performance by asking participants
whether they can recall specific details about the experience associated
with the studied item (e.g., time, location, sensory details) (recol
lection-based response) or just the feeling of familiarity with the studied
item without remembering such details (familiarity-based response).
This “dual-process” framework of recognition memory has since gained
considerable attention in cognitive psychology and neuroscience
research (reviewed in Aggleton and Brown, 2006; Diana et al., 2007;
Mandler, 2008; Mayes et al., 2007; Ranganath and Ritchey, 2012;
Yonelinas, 2002; Yonelinas et al., 2010). Brain imaging studies using the
Remember/Know paradigm have demonstrated evidence for partially
2
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Moreover, attentional deployment strategies are generally preferred to
reappraisal in high negative intensity situations, due to their ability to
block emotional information from being processed (Sheppes and Levin,
2013). This makes FA particularly useful in real-life situations in which
individuals may unexpectedly encounter highly negative stimuli and
might not have enough time to successfully deal with the stress created
by such emotions.
Several empirical studies have begun to reveal the neural mecha
nisms associated with the immediate impact of engaging such strategies
(Dorfel et al., 2014; Ferri et al., 2013; Kanske et al., 2011; McRae et al.,
2010), and a recent meta-analysis identified differential brain responses
for attention-focused and response-focused emotion regulation strate
gies, within regions of the broader ER network (Morawetz et al., 2017).
However, to our knowledge, no published study has investigated the
effect of FA on the neural mechanisms associated with emotional
memory encoding, or their link to subsequent emotional recollection.
Recent studies from our group point to the role of FA as an effective
attentional deployment ER strategy during the retrieval of emotional
autobiographical memories (Denkova, Dolcos, & Dolcos, 2013a, 2013b;
Denkova et al., 2015; Iordan et al., 2019). Specifically, we showed that
instructing subjects to focus away from emotional aspects and onto other
non-emotional contextual aspects (e.g., when/where the event
happened, who else was involved) during autobiographical memory
recollection was linked to reduced subjective emotional experience
associated with the recollected memories (Denkova et al., 2015). At the
neural level, this behavioral effect was accompanied by decreased ac
tivity in the AMY coupled with increased response in brain regions
typically associated with ER (PFC) and brain regions involved in pro
cessing contextual details (parahippocampal place area, PPA).

enhancements by emotion, including the AMY and HC. Third, we also
explored the possibility that activity in these regions would be corre
lated with memory performance, such that reduced responses in these
regions while focusing on non-emotional contextual details of emotional
stimuli would be associated with reduced emotional recollection.
2. Methods
2.1. Participants
A total of 24 females participated in this study (Mage ¼ 34.0, SDage ¼
4.76). All participants were healthy, right-handed, native English
speakers, with no recent history of psychiatric or neurological condi
tions. Only female participants were recruited because they were part of
a larger study investigating mother-child dyads during early child
development. Data from four participants were excluded from the
behavioral analysis testing the effect of FA manipulation on the sub
jective emotional experience, due to typical reasons contributing to data
attrition (e.g., ratings data not being recorded, outlier responses),
resulting in a behavioral sample of 20 participants (Mage ¼ 33.85, SDage
¼ 4.82). The eye-tracking data in three of these four participants were
also excluded, resulting in 21 participants (Mage ¼ 34.24, SDage ¼ 4.90)
whose data sets contributed to the manipulation check analyses
involving eye-tracking and fMRI analyses. Finally, data from two addi
tional subjects were unusable for analyses of memory-related fMRI data,
because they never responded with “Remember” in the retrieval task
across any condition. These resulted in data from 19 participants (Mage
¼ 33.84, SDage ¼ 4.92) being used in the analyses investigating our
hypotheses regarding the impact of FA on encoding activity associated
with reduced subsequent recollection of emotional images. All partici
pants provided written informed consent under a protocol approved by
the Institutional Review Board and received payment for their
participation.

1.4. The present study
Despite the potential advantages of FA over other ER strategies, it
remains unclear how its engagement during encoding can influence the
subsequent memory for emotional events. Given available evidence
highlighting the efficacy of FA in mitigating the impact of negative
autobiographical memory recollection, it is likely that engaging FA
would also affect subsequent remembrance of negative episodes. How
ever, no published study to date has examined the issue or the effect of
ER on recollection- vs. familiarity-based recognition memory. Clarifi
cation of this issue is important in further understanding the mnemonic
consequences of ER and the associated neural mechanisms with
increased specificity.
To fill this important gap in the literature, the present study inves
tigated whether the recollection-driven enhancing effect of emotion on
memory for pictures is diminished by engaging FA. The associated
neural mechanisms, with a focus on MTL regions, were investigated by
recording fMRI data during encoding. Participants were shown com
posite negative and neutral images with distinguishable foreground (FG)
and background (BG) areas and were instructed to focus either on the FG
or BG content of the pictures. During the retrieval session, about 4 days
later, participants’ memory was assessed using the Remember/Know
procedure (Dolcos et al., 2005; Tulving, 1985), to indicate whether they
recollected specific contextual details about the occurrence of pictures
during the encoding session, or they only knew that they saw the pic
tures during encoding but without remembering specific contextual
details.
Based on the available evidence, we formulated the following pre
dictions regarding the impact of FA on emotional recollection and the
associated MTL mechanisms. First, we expected that focusing on the
contextual aspects of negative emotional images would reduce subse
quent memory for these stimuli, and this memory-reducing effect of FA
would be specifically linked to recollection-based memory. Second, at
the neural level, we expected that this memory-reducing effect of
focusing away from emotional aspects would be linked to reduced ac
tivity in MTL regions typically involved in recollection-based memory

2.2. Experimental procedures
Participants completed two tasks: an incidental encoding task, con
sisting of an emotional rating task, completed in the MRI scanner, while
eye-movements were also recorded, and a recognition memory task,
completed outside the MRI scanner about 4 days later (range: 3–5 days)
(see task diagram illustrated in Fig. 1).
2.2.1. Incidental memory encoding: emotional rating task
Functional MRI and eye-movement data were recorded while par
ticipants viewed and rated a total of 90 composite images (60 negative
and 30 neutral). Each composite image was created by overlaying a
negative or neutral FG component upon a visually complex BG compo
nent. The FG components were extracted from images part of the In
ternational Affective Picture System (IAPS; Lang et al., 2008), the
Geneva Affective Picture Database (GAPED; Dan-Glauser and Scherer,
2011), the Military Affective Picture System (MAPS; Goodman et al.,
2016), the Nencki Affective Picture System (NAPS; Marchewka et al.,
2014), and the Emotional Picture Set (EmoPicS; Wessa et al., 2010).
Images from these sources along with domain-free online image data
bases were used as BG components. Negative and neutral composite
images were matched for human presence, animacy, FG location (i.e.,
top, bottom, left, right), complexity, brightness and contrast (ps > .05).
Emotional images were reliably more negatively valenced (MValence ¼
2.62, SDValence ¼ 0.83) and more arousing (MArousal ¼ 4.94, SDArousal ¼
1.00) than the neutral images (MValence ¼ 5.42, SDValence ¼ 0.52; MAr
ousal ¼ 2.32, SDArousal ¼ 0.45) (ps < .001). Unequal numbers of emotional
and neutral images have been commonly employed in studies of emotion
control, particularly in those manipulating ER only within the negative
condition (e.g., Eippert et al., 2007; van Reekum et al., 2007; Wager
et al., 2008). The main goal of this study was to elucidate the neural
mechanisms associated with the impact of FA as an ER strategy. As such,
3
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Fig. 1. Diagram of an incidental memory encoding task. Functional MRI data were recorded while subjects rated their emotional responses to negative or neutral
images. Preceding image presentation, an attentional cue prompted subjects to focus either on the FG or BG areas of the images. Image presentation was followed by a
rating screen where participants reported their emotional response triggered by the images, using a 5-point scale (1 ¼ Not Negative at all; 5 ¼ Very Negative).

we included equal numbers of negative images viewed under FG Focus
vs. BG Focus conditions (see below), to maximize the number of nega
tive images for the main targeted contrast. However, the inclusion of
neutral images in the design was necessary to avoid prolonged negative
mood induction and to have them as a basic control condition. Hence,
we sought to have equal numbers of trials for the main three categories
of images involved (EmoFG, EmoBG, and Neu), which was also justified
by pilot data showing no significant differences in the emotional ratings
between the FG and BG foci for neutral images. The pool of 90 images
was divided into sets of images that were randomly assigned to five
study runs, counterbalanced across image type and attentional cue
categories. The run orders were randomly assigned to the participants.
To avoid negative mood induction, the order of trials was counter
balanced within each run such that no more than three images of the
same emotional category or cue type were presented consecutively.
Each image was presented for 4 s and then was removed to minimize the
confounding effects of eye movements associated with prolonged scan
ning of images (Fig. 1).
Participants were asked to view each image under different atten
tional manipulation conditions, cued by the preceding instruction
screen. The cues, presented for 0.5 s, directed them to focus either on the
image foreground (FG Focus), which was emotional or neutral, or on the
image background (BG Focus), which was always neutral. Following the
cue, each negative and neutral image was presented for 4 s. Half of the
negative images and half of the neutral images were preceded by each
focus cue, and the cue type preceding each image was counterbalanced
across participants. Following image presentation, participants were
asked to rate their subjective emotional experience triggered by the
images on a 5-point scale (1 ¼ Not Negative at all, 5 ¼ Very Negative). All
responses were made on a response pad attached to the participant’s
right hand. The trial ended with an inter-trial interval of 9.5 s, allowing
the hemodynamic response to return to baseline.

responses while the FG was on the screen: Remember for seeing the image
and remembering the contextual details; Know for knowing that they
have seen the image, but without being able to recall specific contextual
details; and New for not seeing the image (Tulving, 1985). Prior to the
retrieval task, participants were given ample time to go over these in
structions with the experimenter and perform a practice task until they
understood the R/K/N procedure. Following the memory decision,
participants rated the level of confidence associated with their response
on a 3-point scale (1 ¼ Low, 2 ¼ Medium, 3 ¼ High confidence) during the
presentation of a prompt displayed for 2 s.
2.3. Eye tracking data acquisition
To assess participants’ gaze patterns during the emotional rating
task, eye positions and movements were recorded from each partici
pant’s right eye using a MR-compatible model (with a long-range
mount) of the Eyelink1000 system (SR Research, ON, Canada), at a
sampling rate of 1000 Hz.
2.4. fMRI data acquisition
Scanning was conducted on a 3 T Siemens MAGNETOM scanner with
a 64-channel head coil, at the Beckman Institute’s Biomedical Imaging
Center. After the sagittal localizer and the 3D MPRAGE anatomical
images (TR ¼ 2000 ms; TE ¼ 2.25 ms; flip angle ¼ 8� ; FOV ¼ 230 � 230
mm2, matrix size ¼ 256 � 256 mm2; slice thickness ¼ 1 mm; volume
size ¼ 172 slices; voxel size ¼ 1 � 1 � 1 mm3), 5 blocks of full-brain EPI
functional images were acquired axially with a simultaneous multi-slice
(SMS) sequence (TR ¼ 1500 ms, TE ¼ 30 ms; flip angle ¼ 40� ; FOV ¼
230 � 230 mm2; matrix size ¼ 144 � 144 mm2; slice thickness ¼ 1.6
mm; volume size ¼ 76 slices; multi-band acceleration factor ¼ 4, voxel
size ¼ 1.6 � 1.6 � 1.6 mm3; phase encoding direction from anterior to
posterior).

2.2.2. Recognition memory task
About 4 days later (range: 3–5 days), participants completed a sur
prise memory task outside of the MRI scanner. They were shown only
the FG components from a total of 135 images consisting of the 90 image
FGs from the encoding task intermixed with 45 additional foil FGs (30
negative and 15 neutral), which had similar basic perceptual and
emotional properties with those of the images used during encoding, and
the two sets of images (Old and New) did not significantly differ across
any of the measured properties (all ps > .05). Each FG was displayed for
4 s. Participants were instructed to make Remember/Know/New

2.5. Data analyses
2.5.1. The impact of FA on emotional memory: behavioral analyses
The impact of FA on memory was assessed using corrected recogni
tion scores [% Hits – % False Alarms (FA)], which consider responses to
both Old and New items and correct for the accuracy of self-reported
recollection- and familiarity-based responses regarding memory per
formance. For the present analyses, confidence ratings acquired during
the recognition task were collapsed to increase statistical power. Paired
4
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t-tests and repeated-measures ANOVAs were performed to compare
memory performance under different encoding conditions. To assess the
role of the Remember/Know response in memory, we similarly calcu
lated corrected memory scores for Remember and Know responses, by
subtracting the proportion of FAs from that of Hits associated with each
response type separately. Differences in memory scores among the
conditions were similarly assessed via repeated-measures ANOVAs and
post-hoc paired t-tests. All behavioral data were analyzed using the SPSS
software (IBM Corp. 2017. Version 25.0).

Moreover, to better interpret the findings from this main analysis,
additional analyses were performed by (1) examining the corresponding
neutral contrasts (i.e., Neu FG-R > Neu BG-R) within these functionallydefined ROIs, to assess specificity of the observed effects by emotion,
and by (2) performing similar analyses on signals extracted from
anatomically-defined ROIs based on published guidelines for manual
segmentation of the MTL structures (Moore et al., 2014). The latter
allowed us to ensure that the main analysis focusing on
recollection-based responses was not biased by functional contrasts
(memory-related) contributing to the ROI creation. Finally, aside from
the functional ROIs defined based on the conjunction of contrasts
mentioned above, sensitivity of recollection-based responses to the FA
manipulation for emotional images (EmoFG-R > EmoBG-R) was also
investigated in ROIs defined based on R vs. K responses for the neutral
images, which specifically targeted recollection-sensitive brain regions
(e.g., HC). The focus of analyses was on TRs corresponding to the time
when the fMRI signal typically peaks in similar studies, which is
consistent with those expected in studies of memory encoding (Eldridge
et al., 2005; Reber et al., 2002). Repeated-measures ANOVAs involved
the following three factors: Emotion (Negative vs. Neutral), Attention
manipulation (FG Focus vs. BG Focus), and Memory (Remember vs.
Know). Finally, to identify brain regions whose response was related to
individual variation in memory performance across conditions,
brain-behavior correlation analyses were performed between the fMRI
signal and memory performance. For these analyses, the average BOLD
signal for conditions of interest was extracted from functional and
anatomical ROIs and correlations were calculated offline. A threshold of
p < .05 was used for these analyses, and a Bonferroni correction for the
number of MTL regions explored was also applied.
Similar to the whole-brain manipulation check analyses described
below, an intensity threshold of p < .005 (uncorrected for multiple
comparisons) was used for the contrasts involving the most dissimilar
memory conditions (e.g., All R > All Miss) and a more lenient threshold
(p < .05) was used for more subtle comparisons (e.g., All R > All K).
Monte Carlo simulations performed using a MATLAB script developed
by Dr. Scott Slotnick (https://www2.bc.edu/sd-slotnick/scripts.htm)
estimated a cluster extent of 20 contiguous voxels (corrected for mul
tiple comparisons at p < .05). This was based on a cluster-forming un
corrected intensity threshold of p < .005 with 1000 iterations, restricted
to a priori targeted MTL regions, which were identified using a MTL
mask that was manually traced based on published guidelines (Moore
et al., 2014).

2.5.2. fMRI data analyses
Preprocessing of fMRI data was performed using SPM12 (Wellcome
Department of Cognitive Neurology, London, UK). Functional images
were first corrected for acquisition order and realigned to correct for
motion artifacts. Next, the high-resolution anatomical image was coregistered to the first functional image for each participant, and func
tional images were spatially normalized (resampled to 2 mm isotropic
voxels) to the Montreal Neurological Institute (MNI) template. Lastly,
the functional images were spatially smoothed using a 6-mm Gaussian
kernel, full-width-at-half-maximum (FWHM), to increase the signal-tonoise ratio. For data analysis focusing on MTL regions, we used pro
cedures similar to those previously involved when MTL activity was
specifically targeted (Dolcos et al., 2004b, 2005). Specifically, voxel-vise
analyses were limited to the following anatomically-defined MTL re
gions of interest (ROIs), identified based on published guidelines (Moore
et al., 2014): Amygdala, Hippocampus, and Parahippocampal Gyrus
(further separated into anterior and posterior regions) (Dolcos et al.,
2004b, 2005; Shafer and Dolcos, 2012). We compared the arithmetic
mean of activity within these ROIs associated with the conditions of
interest, following our previous investigations using similar analytical
techniques (Denkova et al., 2010; Dolcos et al., 2008; Dolcos et al., 2013;
Dolcos et al., 2004b, 2005; Dolcos and McCarthy, 2006; Iordan and
Dolcos, 2017; Iordan et al., 2019; Morey et al., 2009).
Analyses of fMRI data were conducted using in-house custom
MATLAB scripts, which were developed at Duke University’s Brain Im
aging and Analysis Center and are publicly available online (https://
wiki.biac.duke.edu/biac:tools). The fMRI signal was selectively aver
aged in each participant’s data as a function of trial type (e.g.,
Emotional/Neutral, FG Focus/BG Focus, R/K responses) and TR/time
point. Selective averaging across trial types was performed after triallevel baselines (i.e., one TR immediately prior to stimulus onset) were
subtracted, hence correcting for potential temporal autocorrelation and
low frequency drifts. The impact of in-scanner motion was further
mitigated by removing trials exhibiting large global signal intensity
deviations (SD > 3). No assumptions about the shape of the hemody
namic response function (HRF) were made, because this allows finer
comparisons of the MR signal on a TR-by-TR basis (Denkova et al., 2010;
Dolcos et al., 2004b, 2008, 2013, 2005; Dolcos and McCarthy, 2006;
Iordan and Dolcos, 2017; Iordan et al., 2019; Morey et al., 2009). This is
particularly important for investigating brain responses linked to
emotion processing and ER, as they can affect the duration of the BOLD
response, hence limiting the effectiveness of HRF modeling (Lindquist
and Wager, 2007; Waugh et al., 2010; Waugh et al., 2014; Waugh et al.,
2016). This procedure generated voxel-based activation t-maps for each
condition, contrast of interest, and TR/time point, and the outputs of
subject-level analyses were used as inputs for second-level random-
effects group-level analyses.
To identify the MTL areas sensitive to the comparisons of interest,
functional ROIs were identified within the anatomically-defined MTL
ROIs, as follows. First, voxels associated with recollection were identi
fied by a conjunction of the following two contrasts: All Remember (R)
> All Miss and All Remember > All Know (K). Then, the signal extracted
from functionally identified ROIs identified within the borders of
anatomically-defined MTL ROIs was used for further analyses (t-tests,
ANOVAs, correlations) to perform additional comparisons of interest
(Emo FG-R > Emo BG-R) and to investigate brain-behavior correlations.

2.5.3. Manipulation check: Eye-tracking, behavioral, and fMRI data
analyses
To assess the effect of FA on participants’ gaze patterns, we calcu
lated the proportion of time spent on fixations within vs. outside the FG
for each trial using the EyeLink Data Viewer. These data were submitted
to paired t-tests and repeated-measures ANOVAs. Detailed analyses of
the behavioral impact of the FA manipulation on the subjective expe
rience of emotion and the neural effects associated with the experience
of FA are the focus of aseparate report. The analyses reported here only
serve as a manipulation check and focus on the general effect of the FA
manipulation on the subjective emotional ratings for the negative and
neutral images. Similarly, at the neural level, the effects of the atten
tional manipulation on the response to negative stimuli was assessed by
comparing brain activity for Emo FG Focus and Emo BG Focus condi
tions. The Emo FG vs. Emo BG contrast images generated for each
participant were analyzed by random-effects group-level t-tests, which
allowed identification of brain regions showing differential activation
across the attentional manipulation conditions. An intensity threshold of
p < .005 (uncorrected for multiple comparisons) with a cluster extent of
46 contiguous voxels was used, which corresponds to p < .05 corrected
for multiple comparisons (based on a Monte Carlo Simulation with 1000
iterations) (Slotnick, 2017; Slotnick et al., 2003).
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Table 1
Eye-tracking and behavioral results from the encoding task. Values indicate
means (standard deviations). AI, area-of-interest; FG, foreground; BG,
background.
FG Focus
FG AI (%)
BG AI (%)
Emotional Ratings

BG Focus

Negative

Neutral

Negative

Neutral

.71 (.15)
.21 (.09)
3.97 (.50)

.71 (.11)
.22 (.07)
1.32 (.28)

.34 (.13)
.56 (.13)
1.72 (.46)

.31 (.12)
.60 (.13)
1.32 (.33)

3. Results
3.1. Manipulation check: Eye-tracking, behavioral, and fMRI data
First, supporting successful engagement of FA, eye-tracking data
showed that participants directed their gaze toward the target compo
nents of both emotional and neutral images (Table 1). Specifically, they
spent more time gazing within the FG areas (t (20) ¼ 12.14, p < .001),
when instructed to look at the images’ FG, and spent more time gazing
within the BG areas (t (20) ¼ 4.90, p < .001), when instructed to look at
the images’ BG. Second, there was also an overall reduction in the
emotional ratings for the BG Focus (t (19) ¼ 16.40, p < .001), which was
driven by a reduction in ratings for the negative images (t (19) ¼ 17.32,
p < .001; Table 1), as no significant differences by attentional focus were
identified in the ratings for the neutral images (t (19) ¼ 0.04, p ¼ .97).
Third, complementing the behavioral and eye-tracking data,
focusing away from the emotional content and on the contextual aspects
of negative images (BG Focus) was associated with decreased activity in
brain regions typically associated with emotion processing, such as the
AMY (MNI coordinates: x ¼ 16, y ¼ 2, z ¼ 14) and the ventrolateral
PFC (vlPFC: x ¼ 44, y ¼ 30, z ¼ 16), as well as in regions sensitive to
emotional content (e.g., fusiform gyrus: x ¼ 48, y ¼ 44, z ¼ 16).
These reductions were accompanied by increased activity in top-down
executive control regions, such as the dorsolateral prefrontal cortex
(dlPFC; x ¼ 32, y ¼ 32, z ¼ 34) and lateral parietal cortex (LPC: x ¼ 24,
y ¼ 56, z ¼ 54), which are typically implicated in attentional control,
as well as in the parahippocampal place area (PPA; x ¼ 28, y ¼ 40, z
¼ 14), associated with processing of contextual information.

Fig. 2. Reduced Emotional Memory by FA driven by Recollection-based
Retrieval. Corrected recognition scores (Hits-FAs) for emotional and neutral
pictures linked to FA manipulation (FG vs. BG Focus) and Memory responses (R
vs. K) are presented. Error bars indicate the standard error of the mean for each
condition. FA, Focused Attention manipulation; FG, Foreground Focus; BG,
Background Focus; R, Recollection-based Retrieval; K, Familiarity-based
Retrieval. ***p < .001, yp ¼ .051.

.003, η2p ¼ .40]. There was also a significant main effect of Emotion [F (1,
18) ¼ 13.05, p ¼ .002, η2p ¼ .42] and significant two-way Emotion �
Memory [F (1, 18) ¼ 5.33, p ¼ .033, η2p ¼ .23] and Attention � Memory
[F (1, 18) ¼ 10.47, p ¼ .005, η2p ¼ .37] interactions, as well as a nonsignificant Emotion � Attention interaction [F (1, 18) ¼ .002, p ¼ .97,
η2p < .001]. Interestingly, the three-way Emotion � Attention � Memory
interaction was also marginally significant [F (1, 18) ¼ 4.38, p ¼ .051,
η2p ¼ .20]. To further qualify this interaction and explore possibly greater
effect of FA on memory for emotional vs. neutral stimuli, two-way
(Attention � Memory) ANOVAs were conducted separately for nega
tive and neutral images. These analyses revealed a significant Attention
� Memory interaction in the negative [F (1, 18) ¼ 18.29, p < .001, η2p ¼
.50], but not in the neutral condition [F (1, 18) ¼ 1.37, p ¼ .26, η2p ¼ .07].
Finally, consistent with our expectation, post-hoc analyses showed that
FA affected recollection-based (t (18) ¼ 5.69, p < .001) but not
familiarity-based responses (t (18) ¼ 0.03, p ¼ .97) in emotional
memory, and consistent with the idea that the impact of FA was slightly
stronger on the recollection-based responses for the negative images, a
two-way ANOVA on the recollection trials only (EmoFG-R, EmoBG-R,
NeuFG-R, and NeuBG-R) yielded a marginally significant Emotion �
Attention interaction (F (1, 18) ¼ 4.38, p ¼ .051, η2p ¼ .20). Overall,
these findings show that the recollection-based memory-enhancing ef
fect of emotion is also impacted by engaging FA as an ER strategy.

3.2. The impact of FA on emotional memory
3.2.1. Behavioral results: FA reduces recollection-based effects of emotion
on memory
Confirming our prediction, there was reduced memory for images
encoded in the BG compared to FG Focus condition, and this effect was
driven by recollection-based responses (Table 2 and Fig. 2). These
findings were confirmed by a three-way repeated-measures ANOVA
examining the effect of Emotion (Negative vs. Neutral), Attention (FG
vs. BG Focus), and Memory (R vs. K responses) on corrected memory
performance that revealed significant main effects of Attention [F (1,
18) ¼ 63.77, p < .001, η2p ¼ .78] and Memory [F (1, 18) ¼ 12.15, p ¼

3.2.2. fMRI results: reduced emotional recollection-related activity in MTL
following FA
Paralleling the behavioral results and confirming our hypothesis,
there was a reduction in the recollection-related encoding activity for
emotional images following the engagement of FA in the AMY, HC, and
anterior PHG (Fig. 3). Specifically, there was a significant reduction of
activation for emotional recollection1 when focusing away from the

Table 2
Behavioral results from the retrieval task. Corrected memory scores (Hits - FAs)
are displayed for Remember/Know responses, along with confidence ratings
associated with each response type. Values indicate means (standard
deviations).
FG Focus
Memory Scores:
Remember (R)
Know (K)
Confidence Ratings:
Remember (R)
Know (K)

1
fMRI analyses testing our hypotheses regarding the impact of FA on
encoding activity associated with subsequently reduced recollection of
emotional images were performed on data from 19 participants (see Methods),
except for the signal from left anterior PHG, where one subject was identified as
an outlier (based on a z-standardization criterion of >3.0) and thus excluded
from analyses for this region. Analyses performed to test for the specificity of
the effects for negative images were performed on a smaller sample, due to
relatively low number of trials specifically affecting the neutral condition in
some participants.

BG Focus

Negative

Neutral

Negative

Neutral

.49 (.25)
.09 (.18)

.31 (.24)
.15 (.21)

.19 (.16)
.09 (.11)

.11 (.12)
.04 (.11)

2.73 (.18)
1.94 (.36)

2.38 (.53)
1.92 (.40)

2.51 (.36)
1.84 (.27)

2.38 (.64)
1.76 (.48)
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Fig. 3. Reduced Recollection-related Activity in AMY, HC, and Anterior PHG, Associated with Reduced Remembering of Emotional Pictures. The top brain image
shows a representative slice of MTL subregions identified by random-effects group analyses targeting overall sensitivity to recollection-related encoding activity
(AllR > AllMisses and AllR > AllK) (see Table 3). From the four identified areas, only the left anterior PHG and the right AMY (but not the left AMY or the left HC)
showed significant EmoFG-R > EmoBG-R effects. The bottom brain image shows a representative slice of the right HC showing a significant EmoFG-R > EmoBG-R
effect, which was part of a larger HC area identified based on a contrast specifically targeting recollection-related encoding activity for the neutral pictures (Neu-R >
Neu-K; MNI coordinates: x ¼ 26, y ¼ 12, z ¼ 12). The identified voxels are displayed on high-resolution anatomical images normalized to the Montreal
Neurological Institute (MNI) template. The numbers at the right bottom side of each brain slice represent the y coordinates in MNI space. The bar graphs display the
fMRI signals associated with the encoding of negative images, extracted from the areas highlighted by the white circles, at the peak time points. L, Left Hemisphere;
R, Right Hemisphere; FG, Foreground Focus; BG, Background Focus; MTL, Medial Temporal Lobe; AMY, Amygdala; HC, Hippocampus; PHG, Parahippocampal Gyrus;
R, Recollection-based responses; K, Familiarity-based responses. *p < .05, **p < .01.

R > K (T values)

4.77, p ¼ .050, η2p ¼ .28). Post-hoc analyses confirmed that this region
showed a significant reduction of recollection-related encoding activa
tion when focusing on the contextual details only for the negative
(EmoFG-R > EmoBG-R: t (17) ¼ 3.58, p ¼ .002), but not for the neutral
images (NeuFG-R > NeuBG-R: t (12) ¼ 1.34, p ¼ .21), which was
further confirmed by a two-way ANOVA on the recollection trials only
(EmoFG-R, EmoBG-R, NeuFG-R, and NeuBG-R) that yielded a significant
Emotion � Attention interaction (F (1, 12) ¼ 8.43, p ¼ .013, η2p ¼ .41).
Neither the left AMY nor the left HC areas identified among the MTL
regions showing overall recollection-related sensitivity (AllR > All
Misses and AllR > AllK) showed significant EmoFG-R > EmoBG-R ef
fects. However, similar effects to those identified in the left anterior PHG
were also identified in a right HC area, which was identified based on a
contrast specifically targeting recollection-related encoding activity for
the neutral pictures (Neu-R > Neu-K). Specifically, this area showed a
significant reduction in the recollection-related encoding activation
when focusing on the contextual details only for the negative (t (18) ¼
2.59, p ¼ .02), but not for the neutral images (t (13) ¼ 0.12, p ¼ .91).
Although the three-way ANOVA did not yield a significant three-way
interaction, the two-way ANOVA on the recollection trials only
(EmoFG-R, EmoBG-R, NeuFG-R, and NeuBG-R) yielded a marginally
significant Emotion � Attention interaction (F (1, 13) ¼ 3.98, p ¼ .067,
η2p ¼ .23). These results show that brain regions associated with
recollection-based enhanced memory for emotional stimuli are also
sensitive to a manipulation of ER that reduces recollection of memories
for negative pictures.

3.97***
3.93***
2.34*
3.51**

3.2.3. Individual differences in MTL activity linked to reduced emotional
recollection
Brain-behavior correlation analyses within the MTL ROIs identified
links between the impact of FA on recollection-related encoding activity
and behavioral indices of emotional recollection linked to the FA

emotional aspects of negative images (i.e., EmoFG-R > EmoBG-R).
Notably, the right AMY and left anterior PHG areas showing sensitivity
to the FA manipulation in the recollection-related encoding activity to
emotional pictures were identified from among four MTL regions
showing overall recollection-related sensitivity (AllR > AllMisses and
AllR > AllK), as follows: bilateral AMY, left HC, and the left anterior
PHG (Table 3).
Interestingly, in the right AMY, similar effects of FA were found for
both emotional (t (18) ¼ 2.97, p ¼ .008) and neutral pictures (t (13) ¼
2.22, p ¼ .045), and this similarity was also present when analyses were
performed on the signal extracted from the whole anatomical ROI of the
right AMY. This suggests that the right AMY has similar contribution to
the modulation of recollection-related activity by FA for emotional and
neutral stimuli, which was confirmed by a three-way ANOVA that
yielded a non-significant three-way Emotion � Attention � Memory
interaction. However, consistent with the behavioral data and unlike the
right AMY, the three-way ANOVA conducted on the signal from the left
anterior PHG yielded a significant three-way interaction (F (1, 12) ¼
Table 3
MTL regions showing recollection-related sensitivity during encoding. Data are
based on signal extracted from clusters of voxels from MTL regions showing
overall recollection-related sensitivity (AllR > AllMisses and AllR > AllK; see
also Methods). R, Recollection-based responses; K, Familiarity-based responses;
PHG, parahippocampal gyrus. *p < .05, **p < .005, ***p < .001.
Brain Regions

Peak MNI
Coordinates
x

L Amygdala
R Amygdala
L Anterior PHG
L Hippocampus

20
18
26
36

y

R > Miss (T values)
z

8
4
4
30

14
14
34
6

5.16***
6.46***
4.57***
4.52***
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manipulation (Fig. 4 and Table 4). For instance, those participants
showing lower activity in the left AMY while focusing away from the
emotional content (Emo BG-R) also showed greater reduction in sub
sequent memory (Emo FG-R – Emo BG-R) by the engagement of FA (r ¼
.66, p ¼ .002; Fig. 4, left panel). Notably, the correlation performed on
difference scores for both the fMRI signal and the memory performance
was also significant (r ¼ .47, p ¼ .042; Fig. 4, right panel). Moreover,
similar correlations were also identified in the other MTL regions,
including the left anterior PHG, the left HC, and the right AMY. Notably,
these results were overall identified for both functional and anatomical
ROIs, and, in all cases, correlations performed for the neutral images
were not significant (all ps > .05) (Table 4).

depth of processing during encoding influences subsequent memory
performance (Craik and Lockhart, 1972). In the current study, the
increased ability to recall specific details about the images encoded in
the FG compared to BG Focus condition confirms enhanced/deeper
processing of the emotional images encoded in the FG condition, and
diminished/shallower processing of the emotional images encoded in
the BG Focus condition.
Paralleling the behavioral results, there was a reduction in the
recollection-related activity following the engagement of FA, in the right
AMY, left anterior PHG, and right HC. These findings are overall
consistent with previous evidence observing the involvement of these
regions in memory encoding in general (Dolcos et al., 2012, 2017; LaBar
and Cabeza, 2006; Murty et al., 2011), and in the recollection-driven
memory, in particular (Ranganath and Ritchey, 2012; Slotnick, 2013).
Emotion exerts a memory-enhancing effect through concurrent activa
tion of the AMY, HC, and PHG during successful encoding of emotional
information (Dolcos et al., 2004b; Murty et al., 2011). Consistent with
the expectation that memory-reducing effects by emotion control would
involve similar mechanisms, in the present study, the engagement of FA
was associated with a concurrent reduction in the recollection-related
activity in these regions. These results are consistent with findings of
attenuated AMY activity linked to reduced memory for emotional events
during emotional suppression (Hayes et al., 2010). Similarly, other
studies have also linked memory-reducing effects of engaging suppres
sion to hippocampal disengagement (Binder et al., 2012), and attributed
this effect to a decrease in the availability of cognitive resources for
successful memory encoding due to increased self-regulatory demands
associated with emotional suppression. Focusing away from the
emotional aspects of negative images may also require resources to
inhibit the automatic capturing effect of attention by these emotional
stimuli, which might have led to overall decreased availability of re
sources for memory encoding (Binder et al., 2012; Dolcos et al., 2004b;
Murty et al., 2011). Our results extend current evidence regarding the
impact of emotion control on memory for emotional stimuli, by showing
that the memory-reducing effect of FA for emotional stimuli is produced
by its interference with activity in brain regions critical for memory
encoding that lead to subsequent emotional recollection.
In addition to the AMY and HC, the current results also identified the
left anterior PHG showing sensitivity to the engagement of FA during
successful encoding of subsequently-recollected emotional pictures. This
is consistent with available evidence regarding the role of this region in
successful emotional encoding (Dolcos et al., 2004b; Hamann et al.,
1999; Ritchey et al., 2008). In particular, functional connectivity be
tween the AMY and anterior PHG was greater for successful encoding of
emotional but not neutral items remembered after a longer (one week)
vs. shorter (20 min) delay, and this effect was associated with the
persistence of emotional recollection as measured behaviorally (Ritchey
et al., 2008). Overall, the present results support the idea that, in

4. Discussion
The present report targeted the impact of FA on emotional memory
and the role of emotion and memory-related MTL regions in this effect.
There were three main novel findings: 1. FA reduced recollection-based
effects of emotion on memory, which were associated with 2. Reduced
emotional recollection-related activity in the AMY, HC, and PHG, and 3.
Participants showing reduced recollection-related responses in these
regions also showed larger reductions in emotional recollection. To our
knowledge, this is the first empirical study investigating the effect of FA
on the encoding of emotional stimuli, and the associated neural corre
lates. The main findings are discussed below.
First, replicating available evidence regarding the effect of FA (Ferri
et al., 2013; Sheppes and Meiran, 2007), our results identified decreased
self-reported emotion in the BG compared to the FG Focus condition for
the negative (but not neutral) images. The current results on the effect of
FA on negative emotion processing based on pictorial stimuli comple
ment evidence identified in recent investigations (Denkova et al., 2015;
Iordan et al., 2019) showing the effectiveness of this ER strategy in
reducing negative emotional experiences associated with the recollec
tion of autobiographical memories. Importantly, our findings show that
episodic memory performance was significantly reduced for stimuli
encoded in the BG focus condition compared to those encoded in the FG
Focus condition, and this effect was driven by recollection- rather than
familiarity-based responses. This effect is consistent with previous evi
dence showing that emotion specifically enhances recollection (Dolcos
et al., 2005, 2012, 2017; LaBar and Cabeza, 2006; Ochsner, 2000; Sharot
et al., 2007; Talarico et al., 2004; Ventura-Bort et al., 2017).
The effectiveness of FA in reducing subsequent memory is also
consistent with evidence identifying a memory-reducing effect of
engaging certain ER strategies, such as emotional suppression, linked to
the level of processing involved (Binder et al., 2012; Dillon et al., 2007;
Dunn et al., 2009; Hayes et al., 2010; Katsumi and Dolcos, 2018;
Richards and Gross, 1999, 2000). Attention plays a critical role during
encoding (Binder et al., 2012; Chun and Turk-Browne, 2007), and the

Fig. 4. Individual Differences in the AMY
Linked to Reduced Emotional Recollection
following FA. Correlations are based on fMRI
signal extracted from the functional ROIs
identified as being sensitive to recollectionrelated responses (AllR > AllMisses and
AllR > AllK; see Fig. 3 and Table 3). Partic
ipants showing lower activity when focusing
away from the emotional content (Emo BGR) also showed greater reduction in subse
quent memory (Emo FG-R – Emo BG-R) (left
panel). The correlation performed on differ
ence scores for both the fMRI signal and the
memory performance was also significant
(right panel).
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Table 4
MTL regions showing correlations with retrieval performance. Data are based on correlations between fMRI signal extracted from functional (see Fig. 3 and Table 3) or
anatomical MTL ROIs and memory scores. Emo Difference, Emo FG-R – Emo BG-R; Neu Difference, Neu FG-R – Neu BG-R; Neu R > Neu K Functional ROI, ROI created
using the Neutral Remember > Neutral Know (at p < .005) contrast; *p < .05, **p < .01, ***p < .001. $indicates correlations that also survive Bonferroni correction (see
Methods).
Brain Regions
Functional ROIs
L Amygdala
R Amygdala
L Anterior PHG
L Hippocampus
Neu R > Neu K
R Hippocampus
Anatomical ROIs
L Amygdala
R Amygdala
L Anterior PHG
R Anterior PHG
L Hippocampus
R Hippocampus
L posterior PHG
R posterior PHG

Emo BG-R (fMRI)
Emo Difference (Memory)

Emo Difference (fMRI)
Emo Difference (Memory)

Neu BG-R (fMRI)
Neu Difference (Memory)

Neu Difference (fMRI)
Neu Difference (Memory)

-.659**$
-.255
-.575*
-.406

.470*
-.122
.706***$
.150

-.269
.119
-.248
.100

.097
.057
-.193
-.073

.038

-.250

.264

-.062

.419
.165
.850***$
.288
.495*
-.152
.370
.323

-.328
.316
.187
.204
-.018
.146
.234
-.182

.362
-.145
.062
-.403
.233
.026
-.270
.124

$

-.677**
-.505*
-.592**$
-.162
-.540*
.024
-.461*
-.513*

Caveats. The following limitations of the present study should be
acknowledged. Although justified by our a priori hypotheses, some re
sults, particularly regarding the fMRI data, were based on fewer trials
and a smaller sample for the neutral images. Hence, although consistent
with available evidence and expected findings, it is important for future
work to replicate the present findings by maximizing the number of
trials in all conditions and confirm all differences in the impact of FA on
emotional and neutral images as significant interaction effects. Given
these, we cannot totally rule out the possibility that the present findings
are, at least partially, driven by participants’ attention or time spent
viewing particular aspects of the stimuli. By increasing statistical power,
future work will allow for a more comprehensive approach in clarifying
similarities and differences between emotional and neutral stimuli, in
the impact of FA on memory and associated neural correlates.

addition to the AMY and HC, focusing away from the emotional aspects
of negative images reduces subsequent recollection by modulating the
associated activity in the anterior PHG, suggesting the FA’s broad
impact on the MTL mechanisms subserving emotional memory.
Interestingly, our results also showed that the right AMY had similar
contribution to the modulation of recollection-related activity by FA for
both emotional and neutral stimuli. In addition to its sensitivity to
emotions, prior studies of perception and memory have shown that the
AMY is also sensitive to emotionally-neutral stimuli, including faces and
pictures (Holt et al., 2006; Kleinhans et al., 2007; Schwartz et al., 2003;
Taylor et al., 2000; Todorov and Engell, 2008; Wright and Liu, 2006;
Young et al., 2017). In the present study, the FG component of each
image oftentimes depicted human faces. Therefore, it is not surprising
that focusing away from the FG components had a significant impact on
recollection-related activity in this region regardless of their emotional
content. It is interesting to note, however, that the right AMY showed
unique sensitivity to the effect of FA on memory for emotional pictures
as reflected by its correlation with memory performance. Similar spec
ificity for emotional images in brain-behavior correlations was also
identified in the left AMY, despite the absence of a reduction in its
encoding activity associated with subsequent recollection of emotional
images, following the engagement of FA. Although there is no single
model that accounts for the pattern of findings concerning the laterali
zation of amygdalar functions (Cahill et al., 2004; Zald, 2003), the
present findings point to possible dissociations linked to the engagement
of the AMY in various aspects of processing (basic emotion processing,
modulation by ER, subsequent memory, and their links to individual
differences). More research is needed to clarify the effect of FA manip
ulations on AMY activity and the extent to which its lateralization
manifests in different task contexts and participant groups.
Interestingly, individual differences were identified linking the dif
ference in neural activity in the MTL while focusing away from vs. onto
the emotional content of negative pictures (BG Focus - FG Focus) to the
behavioral impact of FA on emotional recollection. Specifically, those
participants who showed reduced activity in the AMY and regions of the
MTL memory system (including HC and the associated parahippocampal
cortices), while focusing on the contextual details of emotional pictures
(vs. the emotional aspects of these pictures), also showed greater
reduction in the emotional recollection scores. This finding points to the
role of individual differences in the ability to engage FA, suggesting that
it may be possible to enhance FA skills through training. More research
is needed to further clarify the mechanisms of FA, particularly related to
its ability to reduce emotional experience and memory following longterm FA training.

5. Conclusion
The present study identified novel effects of FA, shedding light on
how simply focusing away from the emotional details of pictorial stimuli
toward non-emotional contextual details modulates memory, both at the
level of behavioral and neural responses. At the behavioral level, FA
reduced the subjective ratings of negative images and the subsequent
memory for these images, and this memory-reducing effect of FA was
driven by recollection-related responses. Paralleling these behavioral
findings, the fMRI results showed that reduced memory recollection for
images encoded under the BG Focus was associated with decreased ac
tivity in the AMY, HC, and anterior PHG, and these effects were also
influenced by individual differences in the ability to engage FA. Taken
together, these findings advance our understanding of the effects of FA
as an emotion control strategy and provide insights into possible ways of
modulating the immediate and long-term impact of distressing
emotional stimuli. Clarifying the mnemonic consequences of FA is
important for understanding both healthy functioning and alterations in
affective disorders in which excessive attention to negative aspects
during encoding and focus and rumination on negative memories are
often among the core debilitating features.
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