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Abstract: Emotionally arousing stimuli are more memorable than neutral 

ones and arousal induced after learning enhances later retrieval. However, 

there is as yet little study of how stimulus qualities might interact with 

induced arousal and how individual differences might influence the modulation 

of memory. Thus, the present study examined the effect of arousal induced 

after learning on memory for words that varied in both arousal and valence 

quality, as well as the influence of three individual differences factors that are 

known to influence arousal response: emotional suppression, emotional 

reappraisal, and arousal predisposition. Seventy-six adults (57 female) 

viewed and rated 60 words that normatively ranged from high to low in 

arousal and valence. Ten minutes later, they viewed a 3-min comedic or 

neutral video clip. Arousal induced after learning enhanced 1-week delayed 

memory, spanning the lengthy task without preference for word type or serial 

position, contrasting with reports of arousal effects interacting with stimulus 
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qualities. Importantly, being predisposed to arousal led to greater 

enhancement of long-term memory modulation, while the use of emotional 

reappraisal, which reduces arousal responding, inhibited the ability of arousal 

to induce memory enhancement. Thus, individual differences that influence 

arousal responding can contribute to or interfere with memory modulation. 

Keywords: Memory modulation; Arousal; Reappraisal; Suppression; 

Individual differences 

 

1. Introduction 

Emotional and arousing events are generally recollected with 

greater frequency than similar but neutral events (LaBar & Cabeza, 

2006; McGaugh, 2000, 2004). This is likely an adaptive function, 

effectively highlighting important stimuli and events to protect and 

prepare an organism for similar future occasions (McGaugh, 1990). 

Behavioral studies have investigated factors that might explain this 

memory advantage, including enhanced attention and elaboration 

(e.g., Revelle & Loftus, 1992; Walker, 1958). Although these factors 

play a role in the memory advantage of emotionally charged 

information, they are not likely sufficient to explain it (e.g., Bohannon, 

1988; Conway et al., 1994; Guy & Cahill, 1999). Less often discussed 

are the neural and endogenous hormonal mechanisms that are 

preferentially engaged in response to arousing or emotive stimuli that 

can enhance memories even after their formation (cf. Gold & 

McGaugh, 1975; McGaugh, 1990, 2000). 

Memory consolidation, the memory storage process and the 

foundation of the emotional memory highlighting process, is the 

outcome of a complex set of time-dependent neurobiological processes 

occurring after the initial formation of a memory (McGaugh, 2000; 

Müller & Pilzecker, 1900; Nielson & Powless, 2007; Revelle & Loftus, 

1992; Torras-Garcia, Portell-Cortes, Costa-Miserachs, & Morgado-

Bernal, 1997). Indeed, this modulation of memory storage processes 

can occur quite some time after the original learning experience 

(cf. Gold & van Buskirk, 1975; McGaugh, 1966; Nielson & Powless, 

2007; Squire, 1986), enhancing long-term retrieval (e.g., Nielson & 

Jensen, 1994; Nielson & Powless, 2007; Nielson, Radtke, & Jensen, 

1996; Nielson, Yee, & Erickson, 2005), but often hindering short-term 

retrieval, likely because the memory consolidation process is believed 
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to require perhaps hours or even days (Kleinsmith & Kaplan, 1963; 

Revelle & Loftus, 1992; Torras-Garcia et al., 1997; Walker, 1958). 

A variety of substances, including glucose and the adrenal 

hormones epinephrine, norepinephrine, and under certain 

circumstances, glucocorticoids such as cortisol, are released into the 

bloodstream during times of arousal, stress and emotion (Dickerson & 

Kemeny, 2004; Gold & McCarty, 1981; McGaugh, 1990, 2000; Merali, 

McIntosh, Kent, Michaud, & Anisman, 1998; Piazza & Le Moal, 1997). 

These have been closely linked to memory modulation (e.g., Czech, 

Nielson, & Laubmeier, 2000; LaBar & Cabeza, 2006; McGaugh, 2000; 

Nielson, Czech, & Laubmeier, 1999; Nielson & Jensen, 1994; van 

Stegeren, Everaerd, Cahill, McGaugh, & Gooren, 1998). Many animal 

studies have consistently shown that these substances alter memory 

in a time-dependent manner and that they generally follow the classic 

inverted-U dose–response effect (Yerkes & Dodson, 1908) on memory 

performance (McGaugh, 1990, 2000). Moreover, these substances 

indirectly act to modulate the activity of the amygdala, which itself 

modulates hippocampal memory consolidation processes (Adolphs, 

Tranel, & Buchanan, 2005; Canli, Zhao, Brewer, Gabrieli, & Cahill, 

2000; Kensinger & Corkin, 2004; McGaugh, 2004). 

The vast majority of human studies examining the effects of 

arousal on learning or memory have used inherently emotional 

materials or interventions before or coincident with the learning task. 

As such, it is impossible to decipher in these studies whether the effect 

was on attention, encoding, consolidation or some combination of 

effects on these phases. However, several recent studies have 

demonstrated memory modulatory effects in human participants by 

comparable mechanisms of action as have been shown in rodent 

studies, using various post-learning treatments including 

norepinephrine (Southwick et al., 2002), epinephrine (Cahill & Alkire, 

2003), glucose (Manning, Parsons, & Gold, 1992), nicotine (Colrain, 

Mangan, Pellett, & Bates, 1992), and non-invasive treatments such as 

muscle tension (Nielson & Jensen, 1994; Nielson et al., 1996), cold 

pressor stress (Cahill, Gorski, & Le, 2003) and negative and positive 

emotional arousal (Nielson & Bryant, 2005; Nielson & Powless, 2007; 

Nielson et al., 2005). Recently, it was also shown using a word-list-

learning task that these effects were time-dependent, with long-term 

retention enhancement when modulation occurred up to 30-min after 
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learning but not after 45 minutes (Nielson & Powless, 2007), and that 

both negative and positive post-training arousal sources were equally 

effective to enhance later retention (Liu, Graham, & Zorawski, 2008; 

Nielson & Powless, 2007). Importantly, the studies from our laboratory 

have intentionally utilized memoranda of neutral valence and arousal 

to avoid a possible interaction effect of arousal or emotion on encoding 

processes with the effect of arousal on consolidation. These studies 

have also instructed participants to intentionally encode the materials, 

although the long-term retention tests were not announced and 

manipulation checks showed that the later tests were not expected, 

thereby reducing the risk of rehearsal contributions to the effect. 

In contrast, several studies using both pre-learning (Buchanan & 

Lovallo, 2001) and post-learning (Cahill et al., 2003; Liu et al., 2008) 

treatments that alter stress hormones affected delayed memory 

retrieval but they did so only for arousing (emotional) stimuli or only 

for items presented early in a task session (Cahill & Alkire, 2003). 

Thus, it has been suggested that arousal induced either before or after 

learning may only be effective to modulate inherently arousing stimuli 

(Cahill et al., 2003) or that arousal or novelty at encoding is necessary 

for post-learning arousal treatments to modulate memory (Cahill & 

Alkire, 2003; Okuda, Roozendaal, & McGaugh, 2004). The latter 

suggestion was based principally on the idea that unfamiliarity with a 

task or environment likely leads to greater basal arousal at the start of 

the task, which can lead to greater memory modulation by treatments 

after learning (Okuda et al., 2004) or modulation preferably for early 

items in a task rather than later items (Cahill & Alkire, 2003). 

Interestingly, although arousal rather than valence has 

consistently been shown to be the factor of effect on memory (Blake, 

Varnhagen, & Parent, 2001; Dolcos & Cabeza, 2002; Kensinger & 

Corkin, 2004), these studies differed in terms of recollection 

advantages based on stimulus valence. In one pre-learning cortisol 

administration study, the effects were equivalent for both positive and 

negative stimuli (Buchanan & Lovallo, 2001), in another that induced 

stress after learning, the effect was only for negative stimuli (although 

only negative stimuli were used; Cahill et al., 2003), but in another 

study that used both negative and humorous video manipulations after 

learning, the effect was only significant for positive stimuli (although 

negatively stimuli trended toward significance; Liu et al., 2008). 
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Moreover, several similar studies have contrastingly demonstrated 

comparable effects of stress hormone treatments given before learning 

on both neutral and arousing stimuli (e.g., Abercrombie, Kalin, 

Thurow, Rosenkranz, & Davidson, 2003; Lupien et al., 2002; Maheu, 

Joober, Beaulieu, & Lupien, 2004). Across these studies, which had 

greatly differing study designs, the retention interval also varied 

widely. Thus, it is still rather unclear whether the memory enhancing 

effects of arousal are selective for emotional material or for early items 

in a task. Thus, the current study was designed to evaluate whether 

post-learning induced arousal enhances long-term delayed retention 

for incidentally learned words, whether it does so selectively for 

arousing words (positive or negative) versus neutral words, and 

whether modulation is affected by the serial position of items in list. 

Very little study has yet been directed to individual differences 

that might affect the memory modulation response. The degree to 

which individuals are susceptible to arousal is a potentially important 

area of investigation in the context of emotional memory and memory 

modulation. In addition, the manner in which individuals regulate their 

emotions can influence physiological, behavioral and cognitive 

responses to arousal (cf. Gross, 2002). These influences, indeed, 

cause some emotion regulation strategies to be associated with 

various clinically relevant phenomena such as post-traumatic stress 

disorder and generalized anxiety disorder (Gratz & Roemer, 2004), 

and might make them foundational influences upon the process of 

memory modulation. Although there are a number of identified 

emotion regulation strategies that could be investigated, emotional 

suppression and reappraisal have recently been studied in the context 

of their behavioral and cognitive effects (e.g., Richards, 2004; 

Richards & Gross, 2006). As such, they are good candidates for 

investigation in the context of memory modulation. 

Arousal predisposition is the tendency or propensity toward 

arousability (Coren, 1988, 1990). A brief survey developed and 

validated to measure this propensity has been shown to predict 

patterns of sleep disruption and insomnia, which is associated with 

hyperarousal (Coren, 1988), antisocial and criminal behavior, which 

are associated with underarousal (Coren, 1999), stress response under 

cognitive load during distraction (Coren & Aks, 1991), and the degree 

of autonomic responsiveness to an arousing, white noise stimulus 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
http://epublications.marquette.edu/
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib1
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib1
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib1
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib33
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib30
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib65
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib65
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib14
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib14
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib16
http://www.sciencedirect.com/science/article/pii/S1074742709000653?via%3Dihub#bib17


NOT THE PUBLISHED VERSION; this is the author’s final, peer-reviewed manuscript. The published version may be 
accessed by following the link in the citation at the bottom of the page. 

[Neurobiology of Learning and Memory, Vol 92, No. 1 (July, 2009): pg70-79. DOI. This article is © Elsevier and permission 
has been granted for this version to appear in e-Publications@Marquette. Elsevier does not grant permission for this 
article to be further copied/distributed or hosted elsewhere without the express permission from Elsevier.] 

6 

 

(Coren & Mah, 1993). Thus, because those with higher arousal 

predisposition also exhibit greater physiological responses to arousal 

and such responses are fundamental to memory modulation 

(e.g., McGaugh, 1990, 2000), it might be an important individual 

differences factor in evaluating responses to memory modulation. 

Another fruitful avenue of study involves two opposing emotion 

regulation strategies that have recently received considerable study – 

reappraisal and suppression. In his process model of emotion 

regulation, Gross (1998a) distinguished two primary types of emotion 

regulation strategies that differ based upon when in the course of 

emotional response they are invoked. First, antecedent-focused 

emotion regulation strategies occur prior to full activation of emotional 

response tendencies, and therefore prior to their influence on behavior 

or physiological responses (Gross & John, 2003). One example of this 

is reappraisal, the interpretation of a potentially emotion-eliciting 

situation in different (e.g., non-emotional) terms (Gross & John, 

2003). In contrast, response-focused emotion regulation strategies 

occur after the response tendencies elicited by an emotional situation 

have already begun (Gross & John, 2003). Suppression, as defined by 

Gross and colleagues, involves inhibiting the behavioral expression of 

emotion, is a more commonly studied response-focused ER strategy 

(Gross, 1998b). 

Studies examining suppression in emotive situations have 

consistently demonstrated decreased outward emotional expression 

without differences in self-reported negative affect, increased 

sympathetic nervous system response (Egloff, Schmukle, Burns, & 

Schwerdtfeger, 2006; Gross & John, 2003; Gross & Levenson, 1993, 

1997; Richards & Gross, 2000), and increased amygdala activation 

(Goldin, McRae, Ramel, & Gross, 2008; Ochsner et al., 2004). In 

contrast, studies of reappraisal have demonstrated successful 

reduction of emotion expression along with decreased negative affect, 

non-significant reductions in physiological response (Egloff et al., 

2006; Gross, 1998a; Gross & John, 2003; Richards & Gross, 2000), 

and reduced amygdala activation (Goldin et al., 2008; Ochsner et al., 

2004). 

Memory has been only occasionally studied with respect to 

emotion regulation. Such studies have demonstrated that suppression 
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is associated with reduced retrieval (Bonanno, Papa, Lalande, 

Westphal, & Coifman, 2004; Egloff et al., 2006; Richards & Gross, 

1999, 2000, 2006), while reappraisal is associated with unaltered 

(Egloff et al., 2006; Richards & Gross, 2000) or with enhanced 

retrieval (Dillon, Ritchey, Johnson, & LaBar, 2007; Richards & Gross, 

2000). However, these studies all used very short-term retention tests 

(10 min; Dillon et al., used 1 h). As discussed previously, in arousing 

conditions, retrieval is frequently impaired when tested soon after 

learning (Kleinsmith & Kaplan, 1963; Revelle & Loftus, 1992; Torras-

Garcia et al., 1997), but enhanced when tested much later 

(e.g., Nielson & Jensen, 1994; Nielson & Powless, 2007; Nielson et al., 

1996, 2005). Thus, a truer test of memory retention can be performed 

when memory is tested hours or days later, when acute arousal has 

dissipated and consolidation has had time to occur. 

Indeed, we recently investigated memory relative to 

suppression and reappraisal, demonstrating that the retrieval of 

positively and negatively arousing words was unaffected by 

suppression and reduced by reappraisal after a 1-week delay (Nielson, 

Lorber & Riederer, submitted for publication). The discrepancy 

between our study and past studies is likely due to (1) the time 

required for memory consolidation to occur, which can cause arousal 

to negatively affect immediate retention but enhance delayed retention 

(Kleinsmith & Kaplan, 1963; Revelle & Loftus, 1992; Torras-Garcia et 

al., 1997; Walker, 1958) and (2) the precise role of the physiological 

response to arousal on memory consolidation, in part via the amygdala 

(cf. McGaugh, 2000, 2004). That is, because suppression is associated 

with increased physiological arousal response and amygdala activation 

during a learning task, suppression may impair short-term retrieval, 

but it could result in unimpaired or even enhanced long-term retrieval 

due to arousal-induced memory modulation. In contrast, because 

reappraisal is associated with dampened arousal and amygdala 

activation during a learning task, reappraisal may not affect short-

term retrieval, but it could result in negative effects on memory 

consolidation. While our previous study supported both of these 

hypotheses, modulation of memory consolidation was studied only via 

inherently arousing stimuli. The present study utilized a post-learning 

memory modulation paradigm together with those stimuli to more 

directly assess the effects of individual differences in emotion 

regulation on memory modulation. 
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Therefore, the current study employed a word-rating task, 

utilizing both negative and positive, high and low-moderate arousing 

words. Participants rated the words for pleasantness and arousal, but 

were not instructed to remember them. An unannounced retention test 

was then administered 1-week after the initial rating task. Based on 

previous findings demonstrating that arousal induced shortly after 

learning enhances delayed retrieval for neutral words (e.g., Nielson & 

Jensen, 1994; Nielson & Powless, 2007; Nielson et al., 1996, 2005), 

and the mixed literature regarding interaction effects of induced 

arousal with arousing stimuli, it was hypothesized that arousal induced 

after learning would comparably enhance delayed retention for neutral 

and emotional words. Furthermore, based on the utility of arousal 

predisposition measures to discern those more susceptible to arousal 

response, it was hypothesized those more predisposed to arousal 

would demonstrate greater memory modulation effects than those less 

predisposed. Finally, based on our previous study of emotional 

suppression and reappraisal, it was hypothesized that suppression 

would not significantly influence memory modulation, while reappraisal 

would reduce memory modulation by arousal. 

2. Materials and methods 

2.1. Participants 

Seventy-six undergraduate students (57 females, 19 males; 

mean age = 18.71, SD = 0.11) volunteered for this study and each 

received course credit for their participation. All of the procedures used 

were approved by the Institutional Review Board. Each of the 76 

participants was randomly assigned to either the control or arousal 

experimental group in counterbalanced order as they entered the 

room. This resulted in 39 participants in the arousal group and 37 

participants in the control group. Testing was done in small groups of 

7–15 participants each. 

2.2. Materials 

2.2.1. Word-rating task and recognition test 

Sixty words were chosen from the Affective Norms for English 

Words database (ANEW; Bradley & Lang, 1999) for the current study. 

ANEW provides normative ratings (on a 9-point Likert-type scale) for 
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valence (pleasant/not pleasant), arousal (excited/calm) and 

dominance (in control/controlled) ratings more than 1000 common 

English words. Fifteen words were chosen based on their normative 

ratings to reflect each of the four theoretical “quadrants” crossing the 

arousal (A) and valence (V) dimensions (set mean (±SD)): (1) low 

arousal/negative valence (“weary”), A = 3.71 (.55), V = 2.84 (.67); 

(2) high arousal/negative valence (“slaughter”), A = 7.20 

(.51), V = 1.99 (.33); (3) low arousal/positive valence 

(“sunset”), A = 3.44 (.56), V = 7.45 (.31); and (4) high 

arousal/positive valence (“thrill”), A = 7.03 (.59), V = 8.17 (.36). 

The words were presented in a quasi-randomized order 

designed to distribute words from the four quadrants equally 

throughout the list. The words were presented in white lettering on a 

blue background by PowerPoint, with each word presented for six 

seconds followed by a ten second blank screen to allow for ratings. The 

slide number was presented in a small font in the right bottom corner 

of each slide to assist with place-keeping on the rating forms. A sound 

(“camera shutter”) was activated as each new word was displayed to 

alert participants to the new stimulus. Participants were asked to 

silently read each word and then rate their response to it on valence, 

arousal and dominance dimensions; no instructions were given to 

remember the words or to suggest that memory would be assessed. 

Dominance ratings were not analyzed for this study. 

The recognition test consisted of 140 words: the 60 list items 

and 80 distracter words, 20 from each quadrant using the same 

criteria used for the target list, presented in 5 columns of 28 words 

each. The normative values of each distracter set were (set mean 

(±SD)): (1) V = 3.07 (.62), A = 3.91 (.31); (2) V = 2.07 

(.30), A = 6.91 (.46); (3) V = 7.29 (.31), A = 4.05 (.20); and 

(4) V = 8.0 (.35), A = 7.03 (.36). Participants were instructed to mark 

each word as “new” (not before seen in the study) or “old” (present in 

the rating task the week earlier). Scores were corrected for guessing 

using the following formula: corrected 

recognition = (1 − ER) * (%Hits), where% Hits = Hits/60 and error 

rate (ER) = proportion of false alarms (FA/80). 

2.2.2. Arousal manipulation 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
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Arousal was induced using a 3-min, live-action video comedy 

skit (“Saturday Night Live’s,” Jingleheimer Junction), which was 

demonstrated to be effective for post-learning memory modulation in a 

previous study (Nielson & Powless, 2007). Control participants viewed 

a 3-min, live-action video segment of a Public Broadcasting Service 

documentary. 

2.2.3. Subjective mood and arousal measures 

Subjective state was measured on five occasions from the 

beginning to the end of the session using a Likert-type scale for 

arousal, “Please rate how much arousal you are feeling at this 

moment” and mood, “Please rate your mood at this moment.” Both 

scales ranged from 1 (extremely negative (mood)/low (arousal)) to 9 

(extremely positive (mood)/high (arousal)). 

2.2.4. Individual differences measures 

The emotion regulation questionnaire (ERQ; Gross & John, 

2003) is a 10-item self-report measure that was used to classify 

participants based on their habitual use of the emotion regulation 

strategies, suppression and reappraisal. It uses a 7-point scale ranging 

from strongly disagree (1) to strongly agree (7). The four suppression 

items ask participants to rate the extent to which they typically try to 

inhibit their emotion-expressive behavior (e.g., “I keep my emotions 

to myself”), while the six reappraisal items ask participants to rate the 

extent to which they typically try to think about situations differently in 

order to change how they feel (e.g., “When I’m faced with a stressful 

situation, I make myself think about it in a way that helps me stay 

calm”). The ERQ has high internal reliability and convergent and 

discriminant validity, and both subscales have demonstrated internal 

reliability (suppression, .68–.76; reappraisal .75–.82; Gross & John, 

2003). The median score of the sample was used to split the 

participants into low and high reappraisal (median = 30; range = 14–

41; n = 32 low, 44 high) and suppression groups (median = 13; 

range = 4–26; n = 31 low, 45 high). As these scores were determined 

after testing, the experimental groups were not equally distributed 

across reappraisal and suppression, but effect sizes in the resulting 

analyses suggest that the cell sizes were sufficient (reappraisal: 

control group, 13 low, 24 high; arousal group, 19 low, 20 high; 
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suppression: control group, 19 low, 18 high; arousal group, 12 low, 27 

high). 

The arousal predisposition scale (APS) is a normed, 12-item 

self-report instrument designed to measure an individual’s 

susceptibility to arousal, viewed as a trait or a predisposition (Coren, 

1988, 1990). It is measured on a 5-point scale from never (1) to 

always (5), with possible score ranges from 12 to 60 and good internal 

consistency (.84). The normative mean is approximately 36, but 

females tend to have a higher score range than males (Coren, 1990). 

The APS predicts patterns of sleep disruption (r = .45), stress under 

cognitive load (Coren & Aks, 1991), and individual differences in 

autonomic arousal (Coren & Mah, 1993). The median score of the 

sample (median = 35; range = 18–52) was used to split the 

participants into low (n = 37) and high (n = 39) arousal predisposition 

groups. Although scored after testing, the resulting distribution of APS 

groupings was comparable across experimental groups (control group: 

21 low, 16 high; arousal group: 19 low, 20 high). 

Notably, these three individual differences measures were not 

correlated across subjects. Reappraisal and suppression are 

theoretically uncorrelated, and the data supported their independence 

(r = −.077, p = .51). The APS did not correlate significantly with 

either reappraisal (r = −.081, p = .49) or suppression 

(r = .061, p = .60). 

2.3. Procedure 

The purpose of the study (i.e., to measure participants 

responses to various words, some pleasant, some unpleasant) was 

explained and informed consent was obtained. A demographic survey 

was then administered, followed by the first mood/arousal survey. The 

word-rating task was then administered. This was followed by a 

second mood/arousal survey. Afterward, participants completed a 

packet of multiple surveys for a 10-min interval. The packet included 

the APS and the ERQ, with the remaining measures serving as 

unscored filler measures (distracting from the study purpose), and to 

interject a 10-min delay prior to arousal manipulation, which was 

shown in a recent study to be advantageous for memory modulation 

(Nielson & Powless, 2007). This was followed by the third 
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mood/arousal survey. Participants then viewed either the arousal or 

control video clip, depending on group assignment. A final 

mood/arousal survey completed the session. Participants were 

thanked, reminded of their appointment for a similar task the following 

week and dismissed. Upon returning 1-week later, an unannounced 

recognition test for the words in the rating task the previous week was 

administered. Participants were then debriefed and dismissed. 

Analyses utilized mixed-model ANOVA with a p < .05 threshold for 

significance. 

3. Results 

3.1. Word ratings 

A two arousal group by four quadrant mixed ANOVA for arousal 

and valence ratings of the words, measured prior to any experimental 

manipulation, demonstrated the expected ANEW-norms pattern and 

they did not differ by or interact with experimental group. Specifically, 

the main effects for quadrant for each rating were each significant 

(valence: F(3, 222) = 1051.30, p < .001, η2 = .934; 

arousal: F(3, 219) = 71.13, p < .001, η2 = .493), while there were no 

significant Group main effects at this baseline stage 

(valence: F(1, 74) = 0.14, p = .71, η2 = .002; 

arousal: F(1, 73) = .001, p = .98, η2 = .00) or quadrant by group 

interactions (valence: F(3, 222) = 0.71, p = .55, η2 = .01; 

arousal: F(3, 219) = 0.87, p = .46, η2 = .012). 

Analyses were then performed alternately adding each individual 

differences variable. The effects in the primary analysis were not 

significantly altered by these additions. There were no significant 

effects involving valence for any of the factors: reappraisal (main 

effect: F(1, 72) = 0.53, p = .47, η2 = .007; 

quadrant × reappraisal: F(3, 216) = 0.97, p = .41, η2 = .013; 

quadrant × group × reappraisal: F(3, 216) = 0.65, p = .59, η2 = .009; 

group × reappraisal: F(1, 72) = 1.15, p = .29, η2 = .016); suppression 

(main effect: F(1, 72) = 0.31, p = .58, η2 = .004; 

quadrant × suppression: F(3, 216) = 0.16, p = .93, η2 = .02; 

quadrant × group × suppression: F(3, 216) = 1.30, p = .28, η2 = .018

; group × suppression: F(1, 72) = 1.24, p = .27, η2 = .017); or APS 

(main effect: F(1, 72) = 0.88, p = .35, η2 = .012; 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
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quadrant × APS: F(3, 216) = 0.07, p = .98, η2 = .001; 

quadrant × group × APS: F(3, 216) = 0.73, p = .54, η2 = .010; 

Group × APS: F(1, 72) = 0.003, p = .96, η2 = .000). 

In contrast, there were significant effects or trends for each of 

the individual differences variables with respect to arousal ratings. 

First, those most highly predisposed to arousal rated words as more 

arousing than did those with low APS scores 

(F(1, 71) = 4.02, p = 049, η2 = .054); there were no significant 

interactions (quadrant × APS: F(3, 213) = 0.84, p = .97, η2 = .001; 

quadrant × group × APS: F(3, 213) = 1.86, p = .14, η2 = .025; 

group × APS: F(1, 71) = 0.09, p = .77, η2 = .001). Second, there was 

a significant interaction between word quadrant and suppression, 

showing that high suppressors had significantly higher arousal ratings 

of negative high arousal words, but significantly lower ratings of 

positive low arousal words than low suppressors 

(quadrant × suppression: F(3, 213) = 3.27, p = .02, η2 = .044; main 

effect: F(1, 71) = 0.29, p = .59, η2 = .004; 

quadrant × group × suppression: F(3, 213) = 0.72, p = .98, η2 = .001

; group × suppression: F(1, 71) = 0.84, p = .36, η2 = .012). Finally, 

there was also a non-significant trend for an interaction between word 

quadrant and reappraisal, showing that high reappraisal participants 

had lower ratings of negative high arousal words, but higher ratings of 

positive low arousal words than low reappraisal participants 

(quadrant × reappraisal: F(3, 213) = 2.54, p = .057, η2 = .035; main 

effect: F(1, 71) = 0.08, p = .78, η2 = .001; 

quadrant × group × reappraisal: F(3, 213) = 0.21, p = .89, η2 = .003; 

group × reappraisal: F(1, 71) = 0.03, p = .87, η2 = .000). 

3.2. Mood and arousal state 

A two arousal group by five measures mixed ANOVA for self-

reported mood demonstrated a significant interaction of measures by 
group, whereby the groups were equivalent in ratings except when 
measured immediately after the video manipulation, when the comedy 

group rated their mood as significantly more positive than did the 
control group (measures: F(4, 292) = 9.51, p < . 001, η2 = .12; 

group: F(1, 73) = 1.20, p = .28, η2 = .02; measures by 
group: F(4, 292) = 14.5, p < .001, η2 = .17; 1-way measure 
4 × group: F(1, 74) = 31.81, p < .001). These results are shown 

in Fig. 1. 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
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Fig. 1. Self-reported mood (a) and arousal (b) ratings (mean ± SEM) measured at five 
times during the task demonstrated that the experimental groups were equivalent in 
ratings except when measured immediately after the video manipulation, when the 
comedy group rated their mood as significantly more positive and their arousal as 

significantly greater than did the control group. 

The addition of individual differences measures did not alter the 

primary effects of group and measures on mood. However, they did 

add some effects. Specifically, there was a significant three-way 

interaction with APS, whereby high APS participants exhibited lesser 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
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extremes of mood in both conditions than the low APS participants 

(measures × group × APS: F(4, 284) = 2.49, p = .044, η2 = .034; 

group × APS: F(1, 71) = 0.15, p = .70, η2 = .002; 

measures × APS: F(4, 284) = 0.17, p = .95, η2 = .002; 

arousal: F(1, 71) = 0.14, p = .72, η2 = .002). There was also a 

significant main effect of suppression 

(F(1, 71) = 4.61, p = .035, η2 = .061) with a trend toward a three-

way interaction, such that high suppression led to poorer overall 

mood, though after the arousal induction, there was little difference 

between suppression groups in the comedy condition, while the mood 

difference persisted in the control condition 

(measures × group × suppression: F(4, 284) = 2.21, p = .068, η2 = .0

30; measures × suppression: F(4, 284) = 0.76, p = .55, η2 = .011; 

group × suppression: F(1, 71) = 0.71, p = .40, η2 = .010). Finally, 

there were no significant effects of reappraisal on mood (main 

effect: F(1, 71) = 0.17, p = .90, η2 = .000; 

measures × reappraisal: F(4, 284) = 1.91, p = .32, η2 = .017; 

measures × group × reappraisal: F(4, 284) = .14, p = .97, η2 = .002; 

group × reappraisal: F(1, 71) = 0.41, p = .52, η2 = .006.). 

A 2 group by 5 measures mixed ANOVA for self-reported arousal 

also demonstrated a significant interaction of measures by group, 

whereby the groups were equivalent in ratings except when measured 

immediately after the video manipulation, when the comedy group 

rated their arousal as significantly greater than did the control group 

(measures: F(4, 292) = 5.66, p < . 001, η2 = .07; 

group: F(1, 73) = 2.24, p = .14, η2 = .03; measures by 

group: F(4, 292) = 6.4, p < .001, η2 = .081; 1-way measure 

4 × group: F(1, 74) = 18.56, p < .001). These results are shown 

in Fig. 1. 

The addition of reappraisal did not influence arousal state 

ratings (main effect: F(1, 71) = 0.61, p = .44, η2 = .008; 

measures × reappraisal: F(4, 284) = 0.40, p = .81, η2 = .006; 

measures × group × reappraisal: F(4, 284) = 0.30, p = .88, η2 = .004

; group × reappraisal: F(1, 71) = 0.33, p = .57, η2 = .005). The 

addition of APS showed only a trend toward greater overall arousal 

ratings by those highly predisposed to arousal (main 

effect: F(1, 71) = 3.64, p = .06, η2 = .049; 

measures × APS: F(4, 284) = 0.60, p = 0.66, η2 = .008; 
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measures × group × APS: F(4, 284) = 0.46, p = .77, η2 = .006; 

group × APS: F(1, 71) = 0.24, p = .63, η2 = .003;). However, the 

inclusion of suppression in the analysis demonstrated a significant 

three-way interaction, whereby high suppressors had lower arousal 

ratings in the control condition than low suppressors, but not in the 

arousal condition 

(measures × group × suppression: F(4, 284) = 3.16, p = .015, η2 = .0

43; main effect: F(1, 71) = 0.53, p = .82, η2 = .001; 

measures × suppression: F(4, 284) = 0.60, p = .67, η2 = .008; 

group × suppression: F(1, 71) = 0.00, p = .99, η2 = .000). 

3.3. Recognition memory 

A two arousal group by four quadrant mixed ANOVA was used to 

analyze recognition memory. A significant quadrant main effect 

showed that low arousal/negative valence words were less well 

retained than words from the other categories 

(F(3, 222) = 46.09, p < .001, η2 = .384; all confirmatory 1-way 

ANOVAs: all Fs(1, 74) > 68.4, p = .000, η2 > .48), and that high 

arousal/negative valence words were somewhat less well retained than 

low arousal/positive valence words 

(contrast F(1, 74) = 4.6, p = .035, η2 = .059). The other quadrants 

did not differ from each other (ps > .118). A significant group main 

effect also showed that the comedy group retrieved significantly more 

words overall than did the neutral group 

(F(1, 74) = 13.69, p < .001, η2 = .156). These results are shown 

in Fig. 2. The interaction was not significant 

(F(3, 222) = 0.62, p = .60, η2 = .008). 
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Fig. 2. (a) Corrected recognition memory performance (mean ± SEM) is plotted by 
arousal group and word quadrant. The low arousal/negative valence words were less 
well retained than words from the other categories, and the Comedy group 

demonstrated superior retention to the control group in across all quadrants. The 

quadrant × group interaction was not significant. (b) Recognition performance 
(mean ± SEM) depicted according to the serial position of the words in the list is 
shown in sets of 10-items each. There was no interaction between arousal group and 
serial position. 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
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To assess whether post-task arousal effects on retention were 

influenced by the position of words in the list, successfully recognized 

items were scored by their serial position in the list in six sets of 10-

items each. Retention among the sets differed as would be expected 

(F(5, 365) = 7.42, p < .001, η2 = .092), and tηe main effect of group 

showed better overall performance by the arousal group, consistent 

with the general analysis (F(1, 73) = 6.40, p = .014, η2 = .081). 

However, there was no significant interaction of group with serial 

position set, F(5, 365) = 1.58, p = .16, η2 = .021). There was greater 

retention performance for the arousal group in all six sets, with only 

the third set not differing to a statistically significant degree or trend 

(group contrasts p’s = .027 (set 1), .085 (set 2), .32 (set 3), .008 (set 

4), .005 (set 5), .029 (set 6)). These results are depicted in Fig. 2. 

Analyses alternately adding the individual differences measures 

did not reduce the quadrant or group main effects. A three-way mixed 

ANOVA evaluating the role of arousal predisposition demonstrated a 

significant interaction with arousal group on retention, such that those 

highly predisposed to arousal benefitted the most from arousal 

induction (see Fig. 3); 

group × APS: F(1, 72) = 3.90, p = .05, η2 = .051; main 

effect: F(1, 72) = 3.56, p = .06, η2 = .047; 

quadrant × APS: F(3, 216) = 0.69, p = .56, η2 = .01; 

quadrant × APS × group: F(3, 216) = 0.79, p = .50, η2 = .01; 

quadrant: F(3, 216) = 45.84, p < .001, η2 = .389; 

quadrant × group: F(3, 216) = 0.65, p = .59, η2 = .009; 

group: F(1, 72) = 14.34, p < .001, η2 = .166). 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
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Fig. 3. Corrected recognition memory performance (mean ± SEM) is plotted by arousal 
group, arousal predisposition group and word quadrant. There was a significant main 
effect of arousal predisposition group, such that high predisposition participants 
retrieved more words than did low predisposition participants. Although the interaction 

with arousal group was not significant, the main effect of arousal group is also 
apparent with arousal predisposition, such that the high predisposition participants 
within the arousal group retrieved the most words. 

A three-way mixed ANOVA evaluating the role of emotional 

suppression demonstrated no significant effects involving suppression 

(main effect: F(1, 72) = 0.46, p = .50, η2 = .006; 

quadrant × suppression × group: F(3, 216) = 0.34, p = .80, η2 = .005

; quadrant × suppression: F(3, 216) = 0.84, p = .48, η2 = .011; 

group × suppression: F(1, 72) = 0.001, p = .97, η2 = .00). However, 

when considering reappraisal, there was a significant interaction of 

reappraisal by arousal group on retention such that high reappraiser 

had less benefit of arousal induction than low reappraisers (see Fig. 4; 

group × reappraisal: F(1, 72) = 4.30, p = .042, η2 = .056; main 

effect: F(1, 72) = 2.07, p = .15, η2 = .028; 

quadrant × reappraisal × group: F(3, 216) = 2.20, p = .09, η2 = .03; 

quadrant × reappraisal: F(3, 216) = 1.34, p = .26, η2 = .02). 

http://dx.doi.org/10.1016/j.nlm.2009.03.002
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Fig. 4. Corrected recognition memory performance (mean ± SEM) is plotted by arousal 
group, reappraisal group and word quadrant. The interaction was significant such that 
within the arousal group, low reappraisers had significantly better retention than high 

reappraisers, but this difference did not occur within the control group. 

4. Discussion 

The purpose of the current study was to evaluate the effect of 

post-task arousal on incidental retention for emotionally arousing 

words, and to evaluate the influence of individual differences on this 

effect. With respect to the first goal, the results showed that the 

arousal manipulation was effective to enhance later retrieval. Although 

word ratings were equivalent between experimental groups (prior to 

the manipulation) and mood and arousal state ratings were equivalent 

between groups except immediately following the manipulation, 

arousal induced after the word-rating task led to enhanced delayed 

retention of all word categories relative to the control condition. 

Indeed, the effect was not influenced by the degree of arousal or 

valence of the words themselves, or by the position of words in the 

list. 

The present results are consistent with a number of recent 

studies from our laboratory and from others that demonstrated post-

training arousal-induced modulation of memory using neutral stimuli 

(Colrain et al., 1992; Manning et al., 1992; Nielson & Bryant, 2005; 
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Nielson & Jensen, 1994; Nielson & Powless, 2007; Nielson et al., 1996, 

2005), including those that specifically employed a pleasant post-

learning arousal stimulus (Nielson & Bryant, 2005; Nielson & Powless, 

2007). Indeed, the current study demonstrated no differences in 

modulation efficacy based on the serial position of the words in the 

list. Only the set in the middle of the list, a position that is known to 

reflect the poorest retrieval (cf. Burgess & Hitch, 1999; Crowder, 

1972), did not differ between arousal groups. These results suggest 

that a post-learning manipulation can readily affect retention for an 

entire, rather lengthy task. Thus, the present findings suggest that 

arousal induced after learning could potentially enhance retention for 

any type of material. Livingston (1967) proposed such an idea, that 

hormone response to stress that occurs after learning can modulate 

memory for any recently acquired information. Our findings are 

consistent with this proposition. 

In contrast, several recent studies found arousal-induced 

modulation effects on memory that were selective for emotive stimuli 

when both high and low arousal stimuli were employed, leading to 

conclusions that arousal affects memory only for arousing stimuli 

(Buchanan & Lovallo, 2001; Cahill et al., 2003; Liu et al., 2008). Such 

an interaction hypothesis is feasible. Epinephrine, corticosteroids and 

glucose are released as part of the response to emotional and stressful 

situations, and these substances alter memory consolidation for a 

variety of tasks when given or induced post-training (cf. McGaugh, 

2000). These effects depend on the functional integrity of the beta-

adrenergic receptors of the basolateral amygdala that modulate 

hippocampal and striatal activity (Kerfoot, Chattillion, & Williams, 

2008; McGaugh, 2004; Miyashita & Williams, 2004). Moreover, 

adrenergic mechanisms play a role in human memory modulation 

(e.g., Cahill, Prins, Weber, & McGaugh, 1994; Nielson & Jensen, 1994; 

van Stegeren et al., 1998), and stress hormones such as epinephrine 

and corticosteroids are released in humans in response to both 

pleasant and aversive stimuli (e.g., Merali et al., 1998; Piazza & Le 

Moal, 1997). Furthermore, amydgalar activation has been shown to be 

greater in response to positive and negative arousing stimuli when 

compared with neutral stimuli (e.g., Garavan, Pendergrass, Ross, 

Stein, & Risinger, 2001; Hamann & Mao, 2002). 
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Thus, the interaction hypothesis would suggest that the 

endogenous response to inherently arousing or emotional stimuli leads 

to modulation of memory for these stimuli and as such, this effect 

would interact with any post-task induced arousal effect to enhance it 

further (or perhaps to impair it depending on the intensity of the 

combined responses). However, because memory modulation occurs 

also with post-training arousal induction in the absence of arousing 

stimuli, it is reasonable to conclude that the activation of these 

mechanisms can alter memory for neutral as well as arousing stimuli. 

Therefore, it is possible that post-training arousal may preferentially 

enhance arousing stimuli if they are present, but it is not a necessary 

condition for efficacy (Nielson & Bryant, 2005). 

Importantly, however, the current study was not consistent with 

the above stated interaction hypothesis. Stimuli systematically chosen 

to reflect low to high arousal and positive to negative valence were 

presented in quasi-random order, showing no interaction of the 

valence or arousal quality of the stimuli with the post-task arousal 

induction and no relationship to position within the list. Indeed, all 

categories of stimuli were equally enhanced by 10-min delayed post-

training arousal induction. Thus, the present study does not support 

the conclusion drawn in a few recent studies that arousal induced 

either before or after learning may only be effective to modulate 

inherently arousing stimuli (Cahill et al., 2003) or that heightened 

arousal state early in encoding due to novelty of the task or situation 

will cause preferential modulation of initial task items over later items 

(Cahill & Alkire, 2003; Okuda et al., 2004). Instead, it supports recent 

findings using post-training arousal following neutral stimuli (Nielson & 

Bryant, 2005; Nielson & Powless, 2007; Nielson et al., 1996, 2005), as 

well as those of others who used pre-learning (Abercrombie et al., 

2003; Lupien et al., 2002; Maheu et al., 2004) or post-learning 

manipulations (Colrain et al., 1992; Manning et al., 1992) but found 

memory modulatory effects that were not restricted to emotive 

materials. 

Because our previous studies used only neutral materials and 

involved intentional learning paradigms, the current study employed 

both emotive stimuli and incidental learning to provide a more direct 

comparison with the arousal interaction studies. Thus, it is particularly 

notable that even with more comparable methodology, the present 
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results did not compare any better with the interaction effect studies. 

Instead, using comparably arousing stimuli, we found equivalent 

enhancement of retention for all four stimulus categories, rather than 

selectivity for high arousal stimuli. The results therefore suggest a 

rather generalized effect of post-task arousal on consolidation of 

memoranda occurring soon before the arousal induction. Notably, 

however, the current study does not address the suggestion that task 

or situation novelty can generally produce better effects of post-

learning modulation treatments (Okuda et al., 2004); a study 

familiarizing participants with the task and situation over multiple 

sessions would be needed to replicate and test that suggestion, which 

was demonstrated in rats. 

Although generally comparable in method, there are still 

differences between studies that might prohibit clear comparisons. 

First, the previous studies either solely used recall (Cahill et al., 2003) 

or found group differences in recall but not in recognition, which may 

have been due to less than optimal parameters in the recognition tests 

(Buchanan & Lovallo, 2001; Liu et al., 2008). However, the inherent 

disadvantage of incidental learning tasks is that recall performance 

tends to be quite low, particularly after a long delay. Indeed, the recall 

performance in the study from Liu and colleagues averaged between 

two and four pictures (out of 75) across conditions, while the study 

from Buchanan and Lovallo employed 60 stimuli, yielding an average 

of about 10 pictures recalled. In a smaller stimulus set of 21 

slides, Cahill et al. (2003) found an approximate average recall of 

45%. This is not to imply that the low recall performance in some 

studies invalidates the results. Rather it highlights that the effects in 

such studies reflects only the most memorable stimuli. Instead, the 

present study utilized only recognition testing because pilot tests 

showed similar floor effects in recall, after which recall testing was 

abandoned. Alternately, to prevent ceiling effects in recognition tests, 

difficult parameters were used (i.e., a large distracter ratio). As such, 

performances were much better than in recall and were reflective of 

retention across the entire stimulus set, rather than of a small subset 

of the items. Moreover, given that the present study employed word 

stimuli, recognition testing may have been less challenging than with 

picture stimuli, where true “foils” are difficult to generate for 

recognition testing. On the other hand, picture stimuli include more 
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information than do word stimuli, and may therefore be easier to 

remember. 

The previous point raises a second issue. The studies supporting 

arousal interaction effects all used pictorial stimuli. All of our own 

studies, including the present one, employed words, rather than 

pictures as stimuli. Although this difference might underlie the 

differential effects, other studies that showed comparable generalized 

effects rather than interaction effects also used emotive pictorial 

stimuli (e.g., Abercrombie et al., 2003; Maheu et al., 2004). 

Therefore, further study is needed to better address this question. 

4.1. Arousal predisposition 

The second goal of the current study was to investigate the 

influence of individual differences in memory modulation. Three factors 

that have each been shown to relate to arousal response were 

investigated. First, predisposition toward arousal led to greater 

arousal-induced memory enhancement, as hypothesized. Highly 

arousal-predisposed individuals experienced arousing stimuli as more 

arousing than did those who were less “arousable.” Additionally, they 

tended to have a greater subjective response to the post-learning 

arousing film clip than their less predisposed counterparts. This was 

consistent with the literature on the APS, showing that highly 

predisposed individuals have greater subjective and physiological 

responses to arousing stimuli (Coren & Mah, 1993). As such, they 

experienced greater benefit of arousal on memory consolidation. 

Although there are any number of factors that might underlie arousal 

predisposition that warrant further study, the current results suggest 

that predisposition toward arousal might be an important factor to 

consider in studies of emotional memory and memory modulation. 

4.2. Suppression 

The second factor investigated was an emotion regulation 

strategy termed suppression (Gross, 1998b). The current study 

demonstrated different experiences of the stimuli and situation in 

suppressors. They rated negative high arousal words as more 

arousing, but they rated positive low arousal words as less arousing 

than their low suppression counterparts. Additionally, they rated their 

own arousal state as lower than low suppressors in the control 
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condition, but their state increased just as much as low suppressors’ 

did after the arousal induction. The same pattern was observed with 

mood. The stimulus rating suggested that suppressors found negative, 

highly arousing stimuli more threatening than did low suppressors. The 

remainder of the rating data were comparable to what has been 

reported in previous studies with emotive stimuli (Egloff et al., 2006; 

Gross & John, 2003; Gross & Levenson, 1993, 1997; Richards & Gross, 

2000). 

Previous studies have generally shown that suppression leads to 

reduced retrieval of high arousing, and in some cases low arousing, 

stimuli after short-term retention tests, in the absence of differences 

relative to the subjective experience of the stimuli (Bonanno et al., 

2004; Dillon et al., 2007; Egloff et al., 2006; Richards, 2004; Richards 

& Gross, 1999, 2000). Our previous study (Nielson et al., submitted 

for publication), however showed that while there were no subjective 

differences in the experience of the stimuli, retention testing delayed 

by 1-week led to no memory reduction in suppression. The current 

results, also utilizing a long-term test, are consistent with our previous 

study. We suggest that the differences in retention between short- and 

long-term studies is due to the resolution of arousal and the allowance 

for the process of memory consolidation than can occur when testing 

is delayed. That is, retention can be impaired by arousal when 

measured in the short-term (Kleinsmith & Kaplan, 1963; Revelle & 

Loftus, 1992; Torras-Garcia et al., 1997; Walker, 1958), but after a 

lengthy delay, the arousal resolves and memory consolidation, 

modulated by the arousal, occurs (cf. McGaugh, 2000, 2004). Thus, 

although suppressors experience increased arousal during learning 

with emotive stimuli that can impair short-term retrieval (Bonanno et 

al., 2004; Egloff et al., 2006; Richards & Gross, 1999, 2000, 2006), 

long-term retrieval is not necessarily impaired due to the protective 

longer term effects of arousal on memory consolidation. Future studies 

with other types of tasks would be valuable in fully evaluating the 

effects of suppression on memory retention. 

4.3. Reappraisal 

Finally, the current study also demonstrated that the use of the 

emotional regulation strategy termed reappraisal (Gross, 1998b) led to 

reduced susceptibility to memory modulation by arousal. These 
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participants had reduced arousal ratings of negative, highly arousing 

stimuli and enhanced arousal ratings of positive low arousal stimuli. 

Mood and arousal state ratings were not influenced by reappraisal in 

this study. However, high reappraisers failed to show the enhancement 

of long-term memory by arousal induction following learning that 

those who endorsed low use of reappraisal demonstrated. These 

results support and extend our previous study (Nielson et al., 

submitted for publication) that showed better long-term retrieval 

(without the post-learning modulation manipulation) for these words in 

low reappraisers. However, the current results contrast with previous 

studies, which used short-term retention tests, and found either no 

effects of reappraisal on memory (Egloff et al., 2006; Richards & 

Gross, 1999) or enhanced retrieval in reappraisal (Dillon et al., 2007; 

Richards & Gross, 2000). 

Although reappraisal did not influence subjective arousal 

response to the manipulation, the current results suggest that the 

intent of reappraisers to interpret the emotional stimulus in a less 

emotive way (Gross & John, 2003) may have lessened arousal 

response, and therefore, reduced memory modulation. That is, 

reappraisal likely neutralized the emotional impact of the arousing 

stimuli (Richards, 2004), thereby reducing their advantage in long-

term memory. Importantly, previous studies have suggested that in 

response to arousing stimuli, reappraisers experience non-significant 

reductions in sympathetic nervous system response to arousing stimuli 

(Egloff et al., 2006; Gross, 1998a; Gross & John, 2003; Richards & 

Gross, 2000), but significant reductions in amygdala activity (Goldin et 

al., 2008; Ochsner et al., 2004). Amygdala activation is a principal 

component of arousal-induced memory modulation (McGaugh, 2004). 

Thus, while reappraisal may afford effective control in dealing with 

emotive situations, the adaptive function of emotion in memory to 

“highlight” emotive events for better retention (e.g., McGaugh, 1990) 

may be diminished by disengaging from their emotive value. 

Memory modulation studies and attempts to utilize memory 

modulation as a practical intervention may need to take into account 

individual differences that affect arousal responsiveness in interpreting 

results. Our findings that reappraisers report being less aroused in 

potentially emotion-eliciting situations and do not evidence related 

improvements in memory that commonly occur as a function of 
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arousal can be thought of as a “manipulation check” on the emotion 

regulation strategy of reappraisal. That is, our findings provide further 

evidence that reappraisal lessens the degree to which emotions are 

experienced in potentially emotion-eliciting situations, or, at minimum, 

that reappraisal works as a way to lessen arousal in potentially 

emotion-eliciting situations. Therefore, reappraisal can be 

recommended as an emotion regulation strategy when one’s objective 

is to lessen the experience of emotion, and reappraisal is not ideal for 

situations where lessening the experience of emotion is not adaptive. 

5. Conclusions 

Emotional arousal, induced after a word-rating task, significantly 

enhanced 1-week delayed retrieval and the effect did not interact with 

the inherent arousal or valence quality of the words or with their serial 

position in the list. This finding contrasts with a few studies suggesting 

that arousal interacts with arousal state at encoding and with the 

qualitative aspects of the stimuli (Cahill et al., 2003; Liu et al., 2008), 

instead showing that arousal induced after learning words enhances 

memory consolidation generally, spanning a lengthy task without 

preference for material type or position. Thus, the results support the 

use of arousal in memory intervention strategies. 

However, the results also showed that predisposition toward 

responding to arousal and the tendency to regulate emotion using 

reappraisal of emotion significantly influenced response to arousal-

induced memory modulation. Specifically, those who were particularly 

susceptible to arousal response were also responsive to memory 

modulation, showing significantly enhanced long-term retention. In 

contrast, those with low susceptibility did not show comparable 

enhancement. Similarly, those who endorse regulating their emotions 

using reappraisal, which can decrease arousal response, failed to show 

a memory benefit from arousal induced after learning. The results 

suggest that individual differences that are known to influence 

response to arousal can have meaningful effects on the effectiveness 

of memory modulation strategies. 
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