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Abstract
I examined predictions of the Selection, Optimization, and Compensation with Emotion
Regulation (SOC-ER) framework. SOC-ER suggests that ER strategies depend on resources,
where higher resource levels lead to better success at using relevant ER strategies. People may
compensate for resource depletion by selecting alternative ER strategies. In Study 1, I
hypothesized that increases or decreases in resources would increase or decrease success at using
one ER strategy, cognitive reappraisal (CR). Participants completed two iterations of tasks
assessing resource levels, separated by an operation span task designed to manipulate resources
(or a comparable sham task). Results suggested that increases in working memory capacity
(WMC) predicted increases in CR success, depending on participants’ initial reactivity to the
stimuli. This was apparent only in the sham group. Although these results suggested that
treatment participants may have engaged in compensatory selection of alternative strategies
following the treatment task, analyses of ER strategy endorsements did not support this. In Study
2, I followed up on Study 1 by decreasing the temporal distance between the CR task and the
WM manipulation, so as to capture the effect of WM load and individual differences in WMC on
CR success and possible compensation. In a combined digit span-CR task, participants were
instructed to hold information in mind while using CR. I also assessed participants’ reported ER
strategy use following this task. Results suggested that for participants exhibiting relatively low
WMC, regulation success was better under low, compared to high, working memory load, but
only at moderate and high levels of reactivity. Results also revealed that participants used an
alternative ER strategy, attentional deployment, under high working memory load compared to
low working memory load. This suggests that participants compensated for reduced WM levels.
Overall, this dissertation suggests that WM is a resource for CR, depending on participants’
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initial reactivity. Furthermore, this dissertation indicates that participants compensate for
resource losses by selecting alternative ER strategies. These findings have implications for our
theoretical understanding of emotion regulation success, the empirical study of emotion
regulation, and the design and implementation of interventions for psychopathology.
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Evidence for the Role of Working Memory Capacity in the Success and Selection of
Emotion Regulation Strategies
Emotion and its regulation
Emotions are adaptive states, arising from an organism’s situational context, attentional
deployment, and appraisals. Emotions usually motivate the achievement of important goals (e.g.,
survival) through changes in physiological activity, expressive behavior, and subjective
experience (Gross & Thompson, 2007; Lazarus, 1991; Levenson, 1994). For example, these
changes may involve increased blood flow and sweat gland activity to aid in escape from a
predator, or an increase in muscle tension and menacing facial expressions to remain dominant in
a physical altercation (Levenson, 2003). While threats to human survival may not be common in
daily life in modern society, emotions nevertheless motivate goal achievement. For example, the
appropriate display of emotion in a social context can communicate important information,
alerting, calming, or eliciting empathy from others (Levenson, 2003). Emotions thus serve
important adaptive functions in our lives.
However, emotions can at times be undesirable or go awry. Even in the absence of
psychopathology, which is frequently associated with abnormal emotional functioning (Werner
& Gross, 2010), emotions can persist beyond the timeframe during which they are useful, can be
too strong or too weak, and can occur at inconvenient times (Parrott, 2001). When this happens,
emotions may turn from motivating the achievement of some goal to actually impeding it:
continued responding to recent heartbreak may interfere with one’s ability to work effectively;
disproportionally strong responses to somebody cutting into a line may result in altercations at
the supermarket; a great sense of fear may keep you from responding to an incident in which you
might be needed to administer first aid, and so forth. In these circumstances, people have the
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ability to influence their emotions by employing a set of processes collectively referred to as
emotion regulation (ER) (Gross, 1998; 2002; Gross & Thompson, 2007; Gross, Richards, &
John, 2006; Gross, Sheppes, & Urry, 2011; Ochsner & Gross, 2005).
Frequently, ER is understood as a goal-oriented set of actions, comprised of a wide
variety of strategies people can employ to alter their emotions. One way ER has been
conceptualized in recent years is through what is known as the process model of ER (Gross,
1998; Gross & Thompson, 2007). This process model describes five discrete families of ER
strategies, which people can employ to change their emotional responses in pursuit of some
regulatory goal (Gross et al., 2011): strategies in the situation selection family can be used to
regulate emotions by selecting the situations people enter; strategies in the situation modification
family can be used to regulate emotions by altering the situation; strategies in the attentional
deployment family can be used to regulate emotions by altering which aspects of a situation
people attend to; strategies in the cognitive change family can be used to regulate emotions by
altering how a situation is appraised; lastly, strategies in the response modulation family can be
used to regulate emotions by altering the multisystem response directly, for example by
controlling facial expressions (Gross, 1998; Gross & Thompson, 2007).
As summarized by Opitz, Gross, and Urry (2012), not all people may be equally able to
regulate their emotions in all situations. For example, after a stressful, grueling day at work, one
may not be able to regulate emotions successfully, compared to one’s abilities after a good night
of sleep (Opitz, Gross, & Urry, 2012). Similarly, one may not always use the same ER strategies
in every context, every day. Why is this? The recently proposed Selection, Optimization, and
Compensation with ER (SOC-ER) framework (Urry & Gross, 2010) attempts to explain such
variations in ER by suggesting that ER success is dependent on levels of resources. A resource,
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in this context, refers to any internal abilities or environmental affordances that enable a person
to use a given ER strategy.
Selection, Optimization, and Compensation with Emotion Regulation
SOC-ER applies the principles of SOC meta-theory, a framework of successful living, to
emotion regulation. SOC meta-theory (P. B. Baltes & Baltes, 1990) proposes that successful
living can be achieved by anyone who sets reasonable goals based on available resources
(selection), dedicates time and effort to meet those goals (optimization), and develops
workarounds for lost abilities (compensation). Accordingly, SOC-ER suggests that successful
ER can be achieved by anyone who selects ER strategies for which he or she has the relevant
resources available, optimizes those strategies by practicing them, and compensates for lost
resources by developing workarounds (Urry & Gross, 2010).
A fundamental component of the SOC-ER framework is the aforementioned idea that ER
strategies depend on resources. As resource levels change over time (or differ between individual
people or groups of people), success at using ER strategies that depend on these resources should
follow suit (Opitz, Gross, & Urry, 2012; Urry & Gross, 2010). According to SOC-ER, each ER
strategy depends on a finite and specific set of resources. Some resources may be applicable to
only one ER strategy, while other resources may be applicable to a number of ER strategies, as
can be surmised from the putative resource-ER links presented in Urry and Gross (2010).
A second fundamental component of the SOC-ER framework is the idea that participants
engage in compensatory maneuvers when resource levels are unavailable. As resource levels for
one particular ER strategy dwindle, participants may compensate by, for example, selecting
another ER strategy that does not depend on those resources that are dwindling. SOC-ER states
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that by using such compensatory maneuvers, people are able to maintain ER success even when
resource levels drop.
The two fundamental components of the SOC-ER framework stated above hold the
promise to explain what makes emotion regulation successful. Understanding the resources
involved in ER strategies, and the compensatory moves people can engage in when these
resources are depleted, are therefore of vital interest to the field of ER research. Therefore, in this
dissertation, I aim to provide insights into the success and selection of one particular form of ER,
cognitive reappraisal (CR).
CR involves the reinterpretation of a given situation so as to alter its emotional impact.
There are three reasons to focus on this particular ER strategy: First, CR is one of the most
widely studied forms of ER, and methods of assessing CR success are well established (Bebko,
Franconeri, Ochsner, & Chiao, 2011; Kalisch, 2009; McRae, Ciesielski, & Gross, 2011; Opitz,
Rauch, Terry, & Urry, 2012b; Phillips, Henry, Hosie, & Milne, 2008; Urry, 2009; 2010). This
provides a solid basis for indexing and understanding CR success, which is essential for the
research presented in this dissertation. Second, CR has been shown to be associated with better
well-being over the long term (Gross & John, 2003), and plays an important role in
psychotherapy (S. G. Hofmann & Asmundson, 2008). Understanding the resources that enable
CR may thus be of considerable benefit to psychological interventions. For example, training
resources known to play a role in CR might increase patients’ ability to use CR, and may thus
improve therapeutic outcomes. Third, as I discuss below, there is some tentative evidence linking
several potential cognitive resources to CR, which is helpful in providing a potentially fruitful
starting point at this early stage in the study of the relationships between resources and ER
strategies.
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There are many potential resources for CR, not all of which can reasonably be addressed
in one set of studies. I now turn to explaining why Study 1 of this dissertation focuses on four
potential resources, specifically working memory capacity, task switching, attentional focusing,
and verbal fluency.
Resources for Cognitive Reappraisal
Working memory capacity. One potential resource for CR is the processing-oriented
storage of information generally referred to as working memory (Baddeley & Sala, 1996). By
definition, CR involves the cognitive manipulation of information with the goal to regulate
emotions. Thus, to use CR successfully, it is likely necessary to keep information in mind. For
example, to decrease the unpleasant emotions experienced upon hearing about an attack like the
2013 Boston Marathon bombing, it may be useful to keep in mind information that could be used
to generate the reappraisal of the upsetting information, such as information about the accident
itself (“How many people were involved?”, “How severe were their injuries?”), information
related to the reappraisal (“Did someone call an ambulance?”, “Are first responders already at
the scene?”, “Is there anything I can do to help?”), as well as the goal of the reappraisal (“I
should try to decrease this unpleasant emotion.”), usually aimed at achieving a non-emotional
goal (“I really need to finish what I am working on”).
There is indeed some evidence that working memory capacity (WMC) is related to ER.
Research has found that people with higher WMC are better able to evaluate emotional video
clips from an objective perspective than people with lower WMC (Schmeichel, Volokhov, &
Demaree, 2008). Research has implicated not only a person’s WMC in emotion regulation, but
also other aspects of working memory. For example, recent research suggests that difficulties in
updating working memory content, particularly with respect to unpleasant information, are

RESOURCES FOR COGNITIVE REAPPRAISAL

6

associated with relatively diminished CR success (Pe et al., 2013). Furthermore, Ortner and de
Koning (2013) reported data linking CR to working memory load (the amount of information a
person has to hold in mind while completing an unrelated task). Specifically, the authors report
that participants’ recognition memory for abstract words was diminished when those words were
presented while participants engaged in CR, relative to when participants viewed emotional
stimuli without reappraising. This apparent interference of CR in the encoding of CR-irrelevant
information lends further support CR may draw on working memory (Ortner & de Koning,
2013).
Additionally, it has been shown that people with Major Depressive Disorder (MDD)
exhibit deficits in the ability to update information in working memory (Harvey et al., 2005;
Joormann & Gotlib, 2008), and evidence suggests that people with MDD exhibit neural
differences when engaging in CR, compared to control participants (Johnstone, van Reekum,
Urry, Kalin, & Davidson, 2007). MDD is marked by severe deficits in ER ability, including CR
deficits (Gross & John, 2003), and the co-occurrence of WMC deficits and ER dysfunction might
point to a link between the two.
Finally, recent research suggests that training the ability to update emotional working
memory by way of an emotional n-back task may be directly related to emotion regulation gains
(Schweizer, Grahn, Hampshire, Mobbs, & Dalgleish, 2013). As the authors argue, WMC and the
ability to use WM successfully are at least partially separate, wherefore these findings are not
sufficient to suggest a causal role of WMC in CR. However, the research presented above
nevertheless provides good indication that there may be relationship between the two. It is
furthermore somewhat likely that participants with higher WMC may be better able to perform
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unrelated tasks under working memory load. It is therefore possible that WMC may be a
resource for CR.
Task switching. A second potential resource for CR is task switching. It may be of
benefit to CR to be able to switch between different appraisals of a given situation by inhibiting
one interpretation, while promoting another, more benign interpretation. For example, one’s first
response to seeing the scene of the Boston Marathon attack might involve thinking “Oh no,
people were seriously hurt in these explosions and there’s blood everywhere! Somebody might
even be dead!” Regulating the negative emotions elicited by this awful scene might involve
deciding to regulate instead of feeling the full emotional impact of the unregulated emotional
response. Once set on a regulatory path, implementing ER strategies might involve inhibiting
highly negative thoughts in favor of reappraisal-oriented thoughts along the lines of “Well,
people are hurt, but the ambulance is on the way. These people will recover in the hospital.”
There is some evidence linking task switching to certain emotional processes. Foremost,
recent theoretical work suggests that organisms depend on task switching to resolve conflict
stemming from regulatory processes (W. Hofmann, Schmeichel, & Baddeley, 2012). For
example, participants who exhibited better task switching (as indexed using a picture
categorization task) exhibited better success at using CR to decrease negative emotion elicited by
a sad film clip (Malooly, Genet, & Siemer, 2013). Additionally, task switching deficits have
been linked to depressive rumination (Meiran, Diamond, Toder, & Nemets, 2011; Whitmer &
Banich, 2007). As major depressive disorder is characterized predominantly by emotion
regulation deficits, these studies hint at a link between task switching and ER. Altogether, these
results provide good support for the idea that task switching is related to emotional processes,
and may be a resource relevant to CR.
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Attentional focusing. A third resource of potential benefit to successful CR may be
attentional focusing. A given situational context in which a person aims to regulate their
emotions might be laden with a plethora of stimuli unrelated to (or even counteracting) the
regulatory goal. For example, when taking in the scene of the bombing, one might be tempted to
appraise all the things one is seeing (“That car is really badly damaged”, “There is a lot of blood
on the ground”) that are in direct opposition to the goal of diminishing unpleasant emotions. It is
somewhat likely that the ability to ignore information that does not pertain to the regulatory goal
may be of service to using cognitive reappraisal. To the author’s knowledge, no research directly
links these attentional processes to CR. However, it has been shown that greater levels of
attentional focusing are related to less fearful responses to a fear-provoking CO2 challenge,
suggesting that attentional focusing might be involved in the regulation of responses to such
stressors (Richey, Keough, & Schmidt, 2011). Importantly, based on these results, the authors
suggest that attentional focusing might play an important role in CR specifically (Richey et al.,
2011). Attentional focusing may therefore be a resource relevant to CR.
Verbal fluency. A fourth resource potentially relevant to CR may be the ability to access
verbal information. When reappraising emotional situations, it might be useful to verbalize the
reappraisals internally, along the lines of the previously described examples of reappraisals.
Anecdotally, participants frequently report reappraising by engaging in self-talk (Ochsner,
Bunge, Gross, & Gabrieli, 2002). As such, it might be of benefit to have access to a larger
vocabulary and/or to be able to quickly access a variety of terms of use in describing and
imagining reappraisals.
Verbal ability has indeed been shown to be related to expressive suppression, a form of
ER in the response modulation family (Gyurak, Goodkind, Kramer, Miller, & Levenson, 2012;
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Gyurak et al., 2009; Schmeichel & Tang, in press). While one recent study fails to show a link
between verbal fluency and CR (McRae, Jacobs, Ray, John, & Gross, 2012), it should be noted
that these two studies did not employ the same measure to assess verbal ability. Whereas Gyurak
and colleagues (2009; 2012) employed a verbal fluency task during which participants were
asked to generate words beginning with specific letters, McRae and colleagues (2012) employed
a task asking participants to choose words with similar meaning. It stands to reason that the
verbal fluency task used by Gyurak and colleagues (2009; 2012) may tap into a different aspect
of verbal fluency, which might serve as a resource relevant to CR. Alternatively, verbal fluency
may be a resource for expressive suppression, as studied by Gyurak and colleagues (2009; 2012),
and not CR, as studied by McRae (2012). Regardless, verbal fluency appears to be worthy of
examination as a potential resource for CR.
While I have supported the notion that the four discussed resources might be relevant to
CR (or ER in general) with relevant literature to the extent currently possible, the majority of
these links are indirect. No research to date has conclusively shown the causal links between
resources and successful ER that are proposed within the SOC-ER framework. Thus, the goal of
this research was to examine these causal links. In Study 1, I examine the role of WMC, task
switching, attentional focusing and verbal fluency in the success of CR. In Study 2, I follow up
on the effect of WMC on CR, as well as on participants’ compensation in the face of diminished
resources, based on the results of Study 1.
Study 1: Four Potential Resources for Cognitive Reappraisal
The studies discussed above differ vastly in how they elicited emotional responses:
methods included unpleasant film clips (Schmeichel et al., 2008), startle stimuli (Gyurak et al.,
2009), picture stimuli (McRae et al., 2012), CO2 challenges (Richey et al., 2011), and others.
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Similarly, studies differed vastly in how they operationalized and indexed ER: methods included
trial-by-trial self-reported affect (McRae et al., 2012), physiological responding (Gyurak et al.,
2012), facial behavior (Gyurak et al., 2009), questionnaire measures (Richey et al., 2011), and
others. These differences make it difficult to understand the relationship between these resources
and CR. To understand whether these four potential resources may be relevant to CR, it is
important to examine the links between these resources and CR in the same experimental
context. It is furthermore of value to use multiple indices of emotional responding so as to
capture more than one facet of the emotional multisystem response.
In Study 1, I therefore aimed to determine whether changes in one or more of the four
potential resources (working memory capacity, task switching, attentional focusing and verbal
fluency) predicted changes in CR success and/or selection. To accomplish this, I first assessed
participants’ levels of potential resources, as well as a CR success, at baseline. Following this,
half of participants completed an adaptive version of an automated operation span task aimed to
manipulate the resources of interest (treatment group). The remaining participants completed a
visually and behaviorally similar sham task (sham group). Finally, participants completed a
second iteration of the CR task and the resource tasks. During the CR task, CR success was
indexed using ratings of subjective arousal and corrugator muscle activity over the brow region. I
had two main hypotheses in Study 1: First, I expected that participants in the treatment group
would exhibit greater changes in CR success compared to the sham group. The direction of the
effect of the manipulation on CR was expected to depend on the effect of the manipulation on
the resources in question. Specifically, if participants exhibited augmented resource levels due to
the treatment, they should likewise exhibit augmented CR success. Conversely, if participants
exhibited diminished resource levels due to the treatment, they should likewise exhibit
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diminished CR success. Second, I expected that individual differences in changes in resources
would predict individual differences in changes in CR success. Considering the different effects I
expected the treatment and sham tasks to have, I furthermore expected that this relationship
would differ by group.
Study 1: Method
Participants
Ninety-nine adults (62 females, Mage = 21.76, SD age = 9.45; deemed appropriately large
based on power analysis conducted using G*power, 1-β = .8) participated in Study 1.
Participants were recruited through the Tufts University psychology participant pool and through
community advertisements (see Table 1). Participants recruited through the participant pool
received course credit as compensation; participants recruited through community
advertisements received $10 per hour for their participation. Five participants elected to
terminate their participation during or before the Time 2 CR task due to the unpleasant nature of
the pictures. Five additional participants completed only part of the Time 2 tasks due to time
constraints. All participants had normal or corrected-to-normal vision. All study procedures were
approved by Tufts University’s Institutional Review Board for Social, Behavioral, and
Educational Research, and all participants provided informed consent prior to participating in the
study.
Resource Assessment
Working memory capacity (WMC). To assess WMC, participants completed a
modified, computerized version of the forward digit span task of the WAIS-IV (Pearson, 2008).
On each trial of this task, participants heard a series of random, pre-recorded digits over speakers
(1000 ms per digit). Following the last digit in each trial, participants were visually prompted to
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enter the digits they heard using the keyboard. The number of digits participants heard
(beginning at two digits) increased by one additional digit every two trials, so long as
participants responded correctly to at least one of the two trials for a given span. When
participants responded incorrectly to both trials of a given span, the task discontinued. This
discontinuation rule follows common practice for digit span tasks, including the WAIS-IV. The
hypothetical maximum number of digits imposed by programming constraints was 100, which
was well above the actual maximum digit span achieved by any participant (13 digits). The
dependent measure of interest for this task was the maximum number of digits participants
recalled correctly for a given span. For analyses involving change in WMC from Time 1 to Time
2, I computed change scores by subtracting Time 1 scores from Time 2 scores. Thus, positive
change scores indicated an improvement from Time 1 to Time 2 (more digits recalled at Time 2).
A graphic representation of this task can be seen in Figure 1a.
Task switching. To assess task switching, I employed a variant of the Stroop color word
task introduced by MacDonald, Cohen, Stenger, and Carter (2000). On each trial of this task, a
fixation cross (500 ms) was followed by a color-related word (RED, BLUE, GREEN; 1500 ms)
presented in an incongruent color (e.g., if the word spelled “RED”, it would be presented in blue
or green color; there were no congruent trials). Participants were instructed to respond either to
the color denoted by the meaning of the word, or the color in which the word was printed. These
instructions (“COLOR” or “MEANING”, 1000 ms) were presented before every fixation cross.
Importantly, these instructions switched every two trials, thus providing a task switching
manipulation. Each trial was followed by an intertrial interval (500 ms on average, jittered
between 350 ms and 650 ms to prevent participants from anticipating onset of any switch or nonswitch trial). Participants completed 80 of these trials (40 switch and 40 no-switch trials,
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consisting of 20 “COLOR” and 20 “MEANING” trials). The dependent measure of interest in
this task was a measure of task switching cost, computed by subtracting response times (RT) for
switching trials from non-switching trials, where higher scores indicated a higher cost of
switching between instructions. For analyses involving change from Time 1 to Time 2, I
computed change scores by subtracting Time 2 scores from Time 1 scores, where positive
change scores indicated an improvement from Time 1 to Time 2 (lower switching cost at Time
2). A graphic representation of this task can be seen in Figure 1b.
Attentional focusing. To assess attentional focusing, I employed a modified,
computerized version of Theeuwes’ (1991) irrelevant singleton task, as implemented by Moser,
Becker, and Moran (2012). In this task, a fixation cross (1000 ms) was followed by a search
array of geometric shapes. As per Moser and colleagues’ (2012) description:
Search arrays consisted of 10 geometric shapes equally spaced around an
imaginary circle (11° radius), presented against a black background on 19 in. computer
monitors running at 100 Hz. Shape stimuli consisted of green and red unfilled diamonds
(4.5° x 4.5°) and circles (3.4° diameter) with gray line segments (1.5° x .2°) presented in
the middle of each shape. In half of the trials a single diamond target appeared among
nine circles. In the other half a single circle target appeared among nine diamonds. The
lines within the nine identical shapes was [sic] randomly selected to be tilted 22.5° to the
left or right of the horizontal or vertical plane. The line segment in the unique targetshape was a similar gray line oriented either horizontally or vertically. In no-distractor
trials (half of all trials), all 10 items were either red or green. The distractor trials were
identical to the no-distractor trials except that one of the nonunique shapes, chosen at
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random, appeared in the opposite color as the other nine shapes (e.g., if nine shapes were
red, the distractor was green). (p. 214)
If participants responded incorrectly to the search array, they received brief auditory
feedback. At each time point, participants completed 80 of these trials (40 distraction and 40
non-distraction trials). The dependent measure of interest in this task was a measure of
distraction cost, computed by subtracting response times (RT) for distraction trials from nondistraction trials, where higher scores indicated a higher cost of attending to distracting
information (and therefore lower attentional focusing) on distraction trials, compared to when no
distractors were present. For analyses involving change from Time 1 to Time 2, I computed
change scores by subtracting Time 2 scores from Time 1 scores, where positive change scores
indicated an improvement from Time 1 to Time 2 (lower distraction cost at Time 2). A graphic
representation of this task can be seen in Figure 1c.
Verbal fluency. To assess verbal fluency, I employed a computerized controlled oral
word association task (COWAT). Following Borkowski, Benton, and Spreen (1967), participants
were instructed to generate as many words as possible beginning with one of six letters within 60
seconds, so long as words did not include proper nouns (e.g., names of brands, people, or
places), numbers, or words already stated but with a different ending (e.g., eat, eating).
Participants were presented with the letters E, G, I, N, O and R. These six letters were selected
through pilot testing from a set of seven letters suggested to be “moderately difficult” in the
context of a COWAT (Borkowski et al., 1967), where the letter identified to be the easiest in
pilot testing (L) was dropped. Participants completed three trials at Time 1 and Time 2, where
three letters presented at each time were randomized for each participant. For example, if a given
participant was presented with the letters E, G, and I at Time 1, he or she would be presented
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with the letters N, O, and R at Time 2. The dependent measure of interest in this task was the
average number of rule-compliant words participants generated for each letter. For analyses
involving change from Time 1 to Time 2, I computed change scores by subtracting Time 1
scores from Time 2 scores, where positive change scores indicated an improvement from Time 1
to Time 2 (more words generated at Time 2). A graphic representation of this task can be seen in
Figure 1d.
The Manipulation of Resources: Treatment and Sham Tasks
Participants were randomly assigned to complete either a treatment task or a visually and
behaviorally similar sham task.
Treatment. In the treatment task, participants completed an adaptive version of the
operation span task employed by Unsworth, Heitz, Schrock, and Engle (2005). Pilot testing
suggested a non-adaptive version of this task to be associated with the digit span task (maximum
digits remembered; r = .70), verbal fluency task (number of words generated; r = .37), task
switching task (reaction time cost r = .53), and distraction task (accuracy cost r = - .74), which
suggests that the operation span task may be well-suited to manipulate any or all of the four
resources of interest.
On each trial of this task, participants first saw a simple math problem (e.g., 2*4-8), and
were prompted to click a mouse button when they had solved it. On the next screen, participants
were presented with a possible answer (e.g., 3), and were prompted to click buttons labeled
“true” and “false”, depending on whether or not the potential answer was correct (in the given
example, participants should click “False”). Participants were then presented with a letter to
memorize. This procedure (math problem à forced-choice solution à letter) was repeated N
times, where N represents a given level of difficulty (1-12). On the final screen of the trial,
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participants were presented with a 4x3 grid of letters and prompted to click every letter they
recalled seeing during that particular trial, in order of presentation (see Figure 2a). The grid
always consisted of the same 12 letters, and always contained all letters presented during a given
trial.
In this adaptive version of the task, difficulty changed automatically based on participant
performance. Every participant in this treatment group began at a difficulty level of 3. Difficulty
was automatically adjusted on a trial-by-trial basis based on participant performance: If the
participant recalled all letters correctly in order, difficulty level increased by 1 (up to the
maximum of 12, at which point difficulty remained stable until the participant scored
incorrectly). If the participant did not recall all letters correctly in order, difficulty level
decreased by 1 (down to 1, at which point it remained stable until the participant scored
correctly). Participants were provided with feedback on their recall performance, and with a
percentage score tracking their math performance. Following Unsworth and colleagues (2005),
participants were encouraged via instructions presented during training on this task to keep their
math performance above 85% correct.
The treatment task was thus designed to be challenging for participants throughout,
which might potentially result in resource level increases, which would be the ideal outcome
when thinking about its use in a clinical context. Alternatively, this task may be very tiring for
participants, and might thus result in resource level decreases. As either increases or decreases in
resource levels should result in CR changes, either option was acceptable in this experimental
context.
Sham. In the sham task, participants completed a visual search task. This task was
identical to the adaptive automated operation span task described above, except that all letters
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participants saw on a given trial were irrelevant to the task until the last letter presented in a
given trial. Following presentation of this last letter, participants were presented with a 4x3 grid
of letters, and prompted to click every instance of the very last letter they saw (immediately
preceding the grid). Other letters presented during a given trial were not on the screen (see
Figure 2b).
Every participant in this sham group began at a difficulty level of 3, and difficulty
pseudorandomly increased (up to 2 levels of difficulty) or decreased (up to -2 levels of
difficulty). The task was thus designed to be highly similar to the treatment task described above,
while being much easier, involving little to no cognitive resources. It should therefore be well
suited as a control task in this experimental context.
CR Task
To provide an index of success at using CR to decrease unpleasant negative emotions,
participants completed a CR task that was modeled after previous successful paradigms (McRae
et al., 2012; 2010; Ochsner et al., 2004; Ray, McRae, Ochsner, & Gross, 2010; Urry, van
Reekum, Johnstone, & Davidson, 2009). During this CR task, participants first saw a fixation
cross (1000 ms), followed by an emotionally arousing unpleasant picture or an emotionally nonarousing neutral picture (12000 ms). Four seconds after picture onset, participants heard an audio
recording instructing them to use CR to regulate unpleasant emotions elicited by the picture
(“decrease”), or to simply view the picture without regulating (“view”). The order of pictures and
conditions was randomized, with the exception that conditions were equally distributed between
Time 1 and Time 2, that neutral pictures were only paired with the “view” instruction, and that
participants saw each picture only once across the two time points. Figure 3 shows a graphic
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depiction of the trial structure and design cells, which took approximately 17 minutes to
complete at each time point.
All pictures were selected from the International Affective Picture System (IAPS; Lang,
Bradley, & Cuthbert, 2008). Unpleasant pictures (N = 64) were selected based on normative
ratings suggesting them to be highly unpleasant (M = 2.22, SD = .51) and highly arousing (M =
6.02, SD = .69), as well as on content. Specifically, pictures were selected to reflect a broad
range of unpleasant scenes, including mutilations, accidents, depicted and implied violence, and
unpleasant social situations. Neutral pictures (N = 32) were also selected based on normative
ratings, suggesting them to be neither pleasant nor unpleasant (M = 5.08, SD = .045) and not
arousing (M = 3.11, SD = .28), as well as on content. Specifically, neutral pictures were selected
to approximate unpleasant pictures in content, and thus depicted neutral social scenes and
individual people.
Participants completed 16 trials of each condition (view-negative; decrease-negative;
view-neutral; participants did not experience a decrease-neutral condition, as there was no
unpleasant emotion to decrease in this condition, which was potentially confusing to
participants) of this event-related design at both Time 1 and Time 2. While this number of trials
is relatively low compared to previous CR studies (Ochsner et al., 2002; 2004; Urry et al., 2006;
van Reekum et al., 2007), it was beneficial for this task to be relatively short, so as to capture the
effects of the brief treatment task. Furthermore, in a highly similar previous experiment in which
participants completed just 10 trials of each condition, a reliability analysis of self-report and
corrugator data revealed high Cronbach’s alpha values of .82 and .91, respectively, for the
decrease condition and .85 and .93, respectively, for the view condition (Opitz, unpublished
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thesis data). These findings suggest that 16 trials per condition should ensure sufficient reliability
in the present context.
Self-report ratings. Following the offset of the unpleasant or neutral pictures,
participants saw a blank screen (1000 ms). This was followed by the 9-point arousal scale (where
1 = not at all aroused, and 9 = very aroused) of the Self Assessment Manikin (SAM; Lang, 1980;
Suk, 2006). Participants were instructed to rate how they felt during the preceding trial by
pressing the key corresponding to a given point on the scale. Following this rating, participants
saw a blank screen for an average duration of 3 seconds (ranging from 2.5 to 3.5 seconds). For
analyses involving CR success as a dependent variable, I computed CR success scores by
subtracting decrease arousal ratings from view arousal ratings, where positive success scores
indicated higher self-reported arousal during the view condition compared to the decrease
condition, and therefore higher CR success. For analyses involving change in CR success from
Time 1 to Time 2, I computed change scores by subtracting Time 1 CR success scores from
Time 2 CR success scores, where positive change scores indicated an improvement from Time 1
to Time 2 (greater CR success at Time 2 relative to Time 1).
Expressive behavior. In addition to participants’ self-report ratings of arousal,
corrugator electromyography (EMG) was recorded continuously throughout both iterations of the
CR task. Raw corrugator data were collected using an MP150 system (Biopac, Goleta, CA) and
processed using ANSLAB (Wilhelm & Peyk, 2005). Two 4-mm Ag/AgCl electrodes were
placed in bipolar configuration over the right eye (Fridlund & Cacioppo, 1986; Tassinary,
Cacioppo, & Vanman, 2007). One ground was placed on the forehead. The data were sampled at
1000 Hz and bandpass filtered online (5 Hz to 3 kHz; 60-Hz notch filter on). Offline, data were
resampled to 400 Hz, rectified, filtered (16 Hz low-pass), decimated to 4 Hz, and smoothed (1-s
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prior moving average). I computed change in corrugator activity by subtracting the mean activity
for the 250-ms period just prior to the onset of the trial period of interest from each 250-ms
period through the end of the trial period of interest. For analyses involving regulation, the trial
period of interest spanned onset of instruction through offset of picture. For analyses regarding
overall elicited emotion, it spanned onset of picture through offset of picture across regulation
conditions. Finally, for analyses regarding initial reactivity to the stimuli, it spanned onset of
picture through the 250 ms period preceding instruction onset.
Corrugator activity has been shown to be sensitive to stimulus valence, with greater
activity being associated with higher levels of stimulus unpleasantness (Bradley & Lang, 2007).
Accordingly, the CR instruction to decrease should result in lower corrugator activity than the
view condition. CR success scores were computed by subtracting decrease corrugator activity
from view corrugator signal, where positive success scores indicated higher corrugator activity
during the view condition compared to the decrease condition, and therefore higher CR success.
For analyses involving change in CR success from Time 1 to Time 2, I computed change scores
by subtracting Time 1 scores from Time 2 scores, where positive change scores indicated an
improvement from Time 1 to Time 2 (greater CR success at Time 2 relative to Time 1).
Questionnaires
At the end of the experiment, participants completed a questionnaire assessing their use
of ER strategies during the CR tasking, including CR and attentional deployment (see Appendix
B). Participants also completed questionnaires assessing how difficult participants found each
task, as well as demographics.
Procedure
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Upon arriving in the lab, participants first completed the informed consent process. The
sensors measuring corrugator EMG activity were then applied. Following this, participants
completed a training procedure for the CR task. In this training, participants were given an
overview of the task and instructed on how to use CR during the decrease condition using
situation-focused reappraisals, aimed at re-evaluating the events presented in a given scene,
similar to previous studies (Urry, 2009; 2010; Urry et al., 2006; van Reekum et al., 2007). For
example, participants were shown the picture of a little girl crouched on the floor, crying.
Participants were then told “If you were asked to decrease in response to this picture, you might
try to feel less emotion by thinking that the girl is just tired and perhaps is asleep.” Participants
were also instructed not to use CR during the view condition. For example, for the same picture
of the little girl, participants were told “If you were asked to view in response to this picture, you
would just look at the scene without changing the way you think about it.” Participants were also
provided with instructions as to how to rate their arousal using the rating screen. They then
completed several practice trials, and were subsequently asked to describe how they followed the
instructions to “decrease” or “view”, to ensure that they understood the instructions.
Following this training, participants completed the experimental design schematically
depicted in Figure 4. First, participants completed the resource tasks (randomized for each
participant), as well as the CR task (Time 1). Following completion of these tasks, participants
received training for and completed the adaptive operation span task or the sham task. Finally,
participants completed the CR and resource tasks again (Time 2; resource tasks administered in
the same order as Time 1). All computerized tasks were administered using E-Prime 2.0
(Psychology Software Tools, Sharpsburg, PA). Visual stimuli were presented on a 17” TFT
display at a resolution of 1024x768. Auditory stimuli were presented via speakers in a sound-
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and RF-shielded experiment booth. Following the final task, participants completed the
questionnaires described above, were thanked, debriefed, and granted credit.
Study 1: Results
Data Retention
For corrugator signal, four of the five participants who terminated their participation due
to the nature of the pictures were excluded from the analyses, as insufficient data remained for
analysis. Data for the remaining participant was retained in analyses, as sufficient data was
present, and were not identified as outliers. Two additional participants were excluded from
analyses due to equipment failure during the session. For the remaining participants, I computed
Mahalanobis Distance for each participant across levels of the within-subjects independent
variables to identify multivariate outliers for corrugator and self-report data. Five additional
participants were excluded from the analyses on the basis of these tests (p = .001; all identified
from corrugator data). Thus, data from 88 participants were included in the analyses for
corrugator activity and self-report ratings.
For resource tasks, one participant was excluded from all resource task analyses due to
software failure during the session. Because a number of participants did not complete all
resource tasks, the number of participants whose data could be used varies slightly for each task.
For WMC, 82 participants were usable. The data from three participants were unavailable, as
these participants terminated their participation before all Time 2 tests were administered due to
time constraints. Data for one participant were unavailable due to software malfunction. For task
switching, 81 participants were usable. Data from four participants were unavailable due to early
termination of their participation during Time 2. Data for one participant were unavailable
because the participant declined to complete a second iteration of this particular task. For
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attentional focusing, 84 participants were usable. Data from two participants were unavailable, as
these participants terminated their participation before all Time 2 tests were administered due to
time constraints. For verbal fluency, 72 participants were usable. Data from eight participants
were excluded due to software programming error. Data from five participants were unavailable,
as these participants terminated their participation before all Time 2 tests were administered due
to time constraints. Data for three participants were unavailable due to experimenter error.
Manipulation Checks
Unpleasant emotion elicitation. To test whether the unpleasant pictures did in fact elicit
unpleasant emotions, I computed a set of paired-sample t-tests for both self-report ratings of
arousal and corrugator activity. I included only data from Time 1, as Time 2 had been subjected
to the treatment or sham manipulation. Participants reported experiencing higher arousal in
response to unpleasant pictures relative to neutral pictures, t(87) = 31.15, p < .001, and exhibited
significantly higher corrugator activity during unpleasant than neutral pictures, t(87) = 6.19, p <
.001. These findings suggest that the unpleasant pictures indeed elicited unpleasant emotions.
This can also be seen in the separation between the “negative” and “neutral” lines depicting
corrugator EMG activity over the course of the trial period (averaged across Time 1 trials) in
Figure 5a. EMG activity over the course of the trial period averaged across Time 2 trials can be
seen in Figure 5b.
Use of cognitive reappraisal. To test whether participants used the instructed strategy
CR to decrease their emotions, I conducted a paired sample t-test comparing participants’ selfreported use of CR to the average of participant’s self-reported use of other strategies aimed at
decreasing unpleasant emotions, collapsed across both time points. This test suggested that
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participants indeed used CR (M = 5.44, SD = 2.76) more than the average of all other strategies
aimed at decreasing unpleasant emotions (M = 3.61, SD 1.45), t(81) = 1.83, p < .001.
To test whether participants were generally successful at using CR to decrease unpleasant
emotion elicited by these pictures, I computed a second set of paired-sample t-tests for both selfreport ratings of arousal and corrugator activity. As with the valence manipulation check, I
included only data from Time 1, as Time 2 had been subjected to the treatment or sham
manipulation. These t-tests comparing CR condition (decrease, view; negative pictures only)
suggested that participants indeed rated their emotional experience during unpleasant pictures as
less unpleasant during the decrease condition compared to the view condition, t(87) = -7.10, p <
.001, and exhibited significantly decreased corrugator activity during the decrease condition
compared to the view condition, t(87) = -5.32, p < .001. These findings suggest that participants
were able to use CR to decrease these unpleasant emotions. This can also be seen in the
separation between the “decrease” and “view” lines depicting corrugator EMG following the
instructions (averaged across Time 1 trials) in Figure 5.
Hypothesis I: Did the treatment impact CR success?
Effect of CR condition, time, and group on corrugator EMG and arousal ratings. To
test the first hypothesis that there would be differences in CR success change (as indexed by
corrugator activity and self-report ratings) between Time 1 and Time 2 that varied by group, I
computed two separate 2x2x2 mixed-model GLMs (one for corrugator EMG, one for arousal
ratings) including time (Time 1, Time 2) and CR condition (decrease, view) as the withinsubjects factors, and manipulation group (treatment, sham) as the between-subjects factor.
Because the design was not fully factorial (there was no “decrease-neutral” condition), I included
only unpleasant pictures in this analysis.
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In these GLMs, I expected to find an interaction between CR condition, time, and group,
indicating that participants in the treatment group exhibited increases or decreases in CR success
from Time 1 to Time 2, while participants in the sham group did not. Neither GLM supported
this hypothesis. For corrugator EMG, the three-way interaction of CR condition, time, and group
was not significant, F (1,86) = .86, p = .36, η2partial = .01. Similarly, for arousal ratings, the threeway interaction of CR condition, time, and group was not significant, F (1,86) = .35, p = .29,
η2partial = .01. Descriptive statistics for these comparisons are presented in Table 2.
Treatment vs. sham manipulation check. It was possible that the manipulation did not
impact CR success above because it did not actually augment or diminish any resources. To
examine this, I now turn to analyses examining first differences in perceived difficulty for the
treatment and sham tasks. Next, I report analyses examining whether differences in resource
levels between Time 1 and Time 2 varied by group using four separate 2x2 mixed-model GLMs
(one for each resource) including time (Time 1, Time 2) as the within-subjects factor, and
manipulation group (treatment, sham) as the between-subjects factor.
Treatment vs. sham difficulty. An independent-samples t-test of participants’ self-reported
ratings of perceived task difficulty suggested that participants in the treatment group perceived
the treatment task to be significantly more difficult (M = 5.87, SD = 2.59) than participants in the
sham group perceived the sham task to be (M = 2.33, SD = 1.66), t(75.46, corrected for unequal
variances) = 7.69, p< .001)
Working memory capacity. For WMC, the GLM revealed a significant main effect of
time, F (1,80) = 5.50, p = .02, η2partial = .06, where participants scored higher at Time 2 (M =
7.54, SE = .14) than at Time 1 (M = 7.94, SE = .15). The GLM did not reveal an interaction
between time and group, F (1,80) = .86, p = .36, η2partial = .01. Of note, while the interaction
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between time and group was not significant, pairwise comparisons conducted because of a priori
interest revealed a marginally significant group difference at Time 1 (p = .06), where participants
in the sham group exhibited lesser WMC (M = 7.28, SE = .20) than participants in the treatment
group (M = 7.81, SE = .20). Pairwise comparisons also suggested that participants in the sham
group exhibited increased scores at Time 2 (M = 7.83, SE = .21) compared to Time 1(p = .03),
while participants in the treatment group did not exhibit increased scores at Time 2 (M = 8.05,
SE = .21) compared to Time 1 (p = .31). This pattern may be attributed to regression to the mean
given the marginal group difference at Time 1, but nevertheless suggests that participants in the
sham group experienced increases in WMC from Time 1 to Time 2.
Task switching. For task switching, the GLM revealed no significant main effect of time,
F (1,79) = 1.88, p = .18, η2partial = .02, nor an interaction between time and group, F (1,79) = .02,
p = .89, η2partial < .001. Pairwise comparisons conducted because of a priori interest revealed no
additional differences between the groups (all p > .2)
Attentional focusing. For attentional focusing, the GLM revealed only a significant main
effect of time, F (1,82) = 39.28, p < .001, η2partial = .32, where participants exhibited lower RT
conflict scores at Time 2 (M = 118.22, SE = 14.22) than at Time 1 (M = 246.12, SE = 16.57). The
GLM did not reveal an interaction between time and group, F (1,82) = .10 p = .75, η2partial = .001.
Pairwise comparisons conducted because of a priori interest revealed no additional differences
between the groups (all p > .3).
Verbal fluency. For verbal fluency, the GLM revealed only a significant main effect of
time, F (1,70) = 8.57 p = .005, η2partial = .11, where participants generated more words at Time 2
(M =13.25, SE = .42) than at Time 1 (M = 12.10, SE = .30). The GLM did not reveal an
interaction between time and group, F (1,70) = .54, p = .47, η2partial = .008. Of note, while the
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interaction between time and group was not significant, pairwise comparisons conducted because
of a priori interest revealed a marginally significant group difference at Time 1 (p = .06), where
participants in the sham group exhibited greater verbal fluency (M = 12.67, SE = .42; p = .01)
than participants in the treatment group (M = 11.53, SE = .44; p = .14), as well as a marginally
significant group difference at Time 2 (p = .05), where participants in the sham group (M =
14.11, SE = .58) also exhibited greater verbal fluency than participants in the treatment group (M
= 12.39, SE = .62). Pairwise comparisons also suggested that participants in the sham group
exhibited increased verbal fluency from Time 1 to Time 2 (p = .01), while participants in the
treatment group did not exhibit this increase (p = .14).
While participants thus exhibited improvements from Time 1 to Time 2 in several
resources (WMC, attentional focusing, verbal fluency), the overall lack of significant interactions
between time and group provided little evidence that participants in the treatment group
exhibited increases in resources from Time 1 to Time 2 over and above participants in the sham
group. However, a priori comparisons revealed that participants in the sham group, but not the
treatment group, experienced increases from Time 1 to Time 2 in WMC and verbal fluency. The
fact that these a priori differences manifested in the sham group, but not the treatment group,
does hint at a group effect; the treatment may have prevented improvement over time on these
tasks. It was possible that an effect of group was influenced by a third variable, the omission of
which in the GLMs of CR success and resource change lead to the failure to detect this group
effect. For example, in as of yet unpublished data (Opitz, Gross, & Urry), evidence suggested
that the relationship between cognitive resources and CR success varied depending on
participants’ initial emotional reactivity, where those participants that are more reactive to
unpleasant stimuli exhibit stronger relationships.
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Moderation by emotion reactivity? To test whether the effect of group on CR success
depended on participants’ initial emotional reactivity, I conducted a moderation analysis using
the PROCESS computational tool (Hayes, 2013; Preacher & Hayes, 2008). Group (treatment,
sham, dummy-coded as 1 and 0, respectively) was entered as a predictor of CR success change
(Time 2 – Time 1), moderated by change in initial reactivity to the stimuli, as captured by
corrugator signal. Unlike a GLM, where change in initial reactivity could only be entered as a
covariate, this moderation analysis allowed for the direct modeling of an effect of change in
reactivity with respect to the effect of group on CR success change. In this moderation, time was
modeled implicitly by way of the CR success change scores. This moderation used biascorrected, bootstrapped (5000 samples) 95% confidence intervals.
For corrugator activity, the overall moderation model was marginally significant, R2 =
.08, F(3,84) = 2.41, p = .07. In this model, neither reactivity (β = .13, p = .31) nor group (β = .31, p = .39) predicted CR success change by themselves but the interaction of reactivity and
group did (β = .68, p = .03). Examining this interaction more closely, it was apparent that there
was an effect of group on CR success change for participants who exhibited diminished
reactivity at Time 2, compared to Time 1, β = -1.13, p = .03, 95% CI [-2.17, - .08]. This negative
effect of group suggested that participants in the sham group who became less reactive from
Time 1 to Time 2 exhibited better CR success at Time 2, compared to participants in the
treatment group who became less reactive from Time 1 to Time 2. This effect of group was not
apparent for participants who did not exhibit reactivity change from Time 1 to Time 2, β = -.31,
p = .39, 95% CI [-1.04, .41], nor for participants who exhibited increased reactivity at Time 2,
compared to Time 1, β = .50, p = .33, 95% CI [-.53, 1.53].
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For self-report ratings, the overall moderation model was not significant, R2 = .01,
F(3,84) = .34, p = .80. No coefficients emerged as significant (all p > .3)
Hypothesis II: Do changes in resources predict changes in CR success, and does this
depend on group?
To test the hypothesis that resource level changes from Time 1 to Time 2 predicted CR
success changes, depending on reactivity and group, I computed eight analyses (one for each of
the two dependent variables, for each resource), in which resource level change scores predicted
CR success change scores using PROCESS (Hayes, 2013; Preacher & Hayes, 2008). In light of
the analyses above, it was possible that the relationship between the resources of interest and CR
success would depend on participants’ initial emotional reactivity, as well as on group. I thus
entered reactivity change (T2 – T1) and group (see Figure 6) as moderators. All moderations
used bias-corrected, bootstrapped (5000 samples) 95% confidence intervals. Interaction term
variables were mean-centered.
Working memory capacity. For WMC change, the moderated moderation model was
significant for corrugator activity, R2 = .29, F(7,74) = 4.42, p < .001 (see Table 3). In this model,
increased WMC from Time 1 to Time 2 predicted increased CR success from Time 1 to Time 2
(β = .28, p = .03), suggesting that participants who improved in WMC also improved in CR
success. Importantly, this effect was dependent on reactivity and group, as suggested by a
significant three-way interaction (p = .005). Following up on this three-way interaction by
examining the two-way interaction of WMC change and reactivity at levels of group, it appeared
that only in the sham group was the interaction of WMC change and reactivity significant (p =
.002). This was not the case for the treatment group (p = .57). Further examining this two-way
interaction in the sham group, it appeared that increases in WMC from Time 1 to Time 2
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predicted increases in CR success only for participants who became more reactive from Time 1
to Time 2. The treatment group also exhibited this significant effect but the effect was smaller in
magnitude and the two-way interaction of WMC change and reactivity was not significant. Thus,
it appeared that the three-way interaction was driven by group differences in the interactive
effect of WMC change and reactivity change on CR success change (see Table 4).
Removing two outliers identified as extreme values did not affect these results: the
overall model remained significant (p < .001), as did all previously significant effects (all p <
.03). The model was not significant for arousal ratings, R2 = .03, F(7,74) = .29, p = .95 (refer
back to Table 3).
Task switching. For task switching, the moderated moderation model was significant for
corrugator activity, R2 = .19, F(7,73) = 2.48, p = .02 (see Table 5). In this model, task switching
change did not predict CR change (p = .98), and the three-way interaction of task switching
change, reactivity change, and group did not predict CR success change (p = .24). The model
was not significant for arousal ratings, R2 = .01, F(7,74) = .14, p = .99 (see Table 5).
Attentional focusing. For attentional focusing change, the moderated moderation model
was marginally significant for corrugator activity, R2 = .16, F(7,76) = 2.09, p = .054 (see Table
6). In this model, attentional focusing change marginally predicted CR change (β = .002, p =
.06), suggesting that participants who improved in attentional focusing also improved in CR. The
three-way interaction of task switching change, reactivity change, and group did not predict CR
success change (p = .23). The model was not significant for arousal ratings, R2 = .04, F(7,76) =
.48, p = .85 (see Table 6).
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Verbal fluency. For verbal fluency change, the moderated moderation model was not
significant for corrugator activity, R2 = .12, F(7,64) = 1.26, p = . 29, nor was it significant for
arousal ratings, R2 = .11, F(7,64) = 1.16, p = .34 (see Table 7).
Was the group-dependent effect of WMC change on CR success due to compensation?
The three-way interactive effect of WMC change, reactivity, and group on CR success
suggested that participants in the treatment group did not exhibit the reactivity-dependent
relationship between WMC change and CR change that participants in the sham group exhibited.
Having undergone a cognitively taxing task, participants in the treatment group may have
engaged in compensatory selection of alternative ER strategies. To test this possibility, I
computed two moderation analyses in which group predicted ER strategy endorsement change
scores (CR in the first model, the mean of all non-CR strategies in the second) using PROCESS
(Hayes, 2013; Preacher & Hayes, 2008). In light of the previous analyses, it was possible that the
relationship between group and ER endorsement would depend on participants’ initial emotional
reactivity. I thus entered reactivity change (T2 – T1) as a moderator. The overall model
predicting CR use was not significant, R2 = .005, F(3,78) = .13, p = .94. Similarly, the overall
model predicting non-CR use was not significant, R2 = .05, F(3,78) = 1.22, p = .31. In both
models, no coefficient emerged as significant (all p > .1).
The results above do not support the idea that participants compensated for resource level
changes due to the treatment task by selecting alternative ER strategies. However, while the
overall average of all non-CR strategies did not suggest that treatment participants used CR less
(or non-CR strategies more) at Time 2, compared to Time 1, it was possible that such an effect
might become apparent when examining use of specific alternative strategies. One strategy of
particular interest in this context is attentional deployment, which might not depend on the same
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resources as CR (Urry & Gross, 2010). Because it might not depend on the same resources as
CR, attentional deployment might be a particularly appealing strategy for participants aiming to
regulate unpleasant emotions after having completed a cognitively taxing task. As it has
previously been shown that participants may use attentional deployment both alongside and
instead of CR (e.g., van Reekum et al., 2007), I thus repeated the model above, with group
predicting only the mean endorsement of attentional deployment. The overall model for this
analysis was significant, R2 = .15, F(3,78) = 4.63, p = .005. Importantly, the interaction term here
was significant, (β = .64, p = .01). Examining this interaction more closely, it appeared that
group predicted attentional deployment endorsement only at low levels of reactivity, (β = -1.19,
p = .008); specifically, sham participants who became less reactive increased their use of
attentional deployment from Time 1 to Time 2 more than treatment participants.
Study 1: Discussion
As levels of resources that are needed for a specific ER strategy increase or decrease,
one’s success using that ER strategy should rise and fall as well (Urry & Gross, 2010). In Study
1, I aimed to manipulate levels of (or ability to use) one or more of four candidate resources
(WMC, task switching, attentional focusing, verbal fluency) to observe the impact on the success
of cognitive reappraisal. This allowed a test of two hypotheses. First, participants in the
treatment group would exhibit greater changes in CR success relative to participants in the sham
group. Second, changes in resources from Time 1 to Time 2 would predict changes in CR
success, depending on group.
A moderation analysis suggested that participants in the sham group who exhibited
reactivity decreases from Time 1 to Time 2 exhibited greater increases in CR success than
participants in the treatment group. It is not clear why participants in the sham group exhibited
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greater increases in CR success than participants in the treatment group only when they became
less reactive from Time 1 to Time 2. One potential answer may lie in the notion that people have
been shown to be more prone to use CR for stimuli of lesser emotional intensity (Sheppes,
Scheibe, Suri, & Gross, 2011; Sheppes et al., 2012). Assuming that emotional reactivity is, at
least in part, a reflection of stimulus intensity, it is possible that participants in the sham group
used CR more frequently (and successfully) when they became less reactive. Participants in the
treatment group, on the other hand, did not appear to use CR more frequently or more
successfully when they became less reactive, perhaps because the difficult treatment task
prevented them from doing so. Of note, the analysis of participants’ self-reported endorsement of
ER strategies does not support this notion; there was no group effect on endorsement of CR
strategies or non-CR strategies.
There was, however, a group effect on participants’ endorsement of one non-CR strategy
in particular, attentional deployment. This effect was driven by sham participants, who endorsed
greater increases attentional deployment than treatment participants. These results are at odds
with the notion that participants in the treatment group might compensate for resource changes
due to having completed the taxing treatment task. However, because these results are significant
only for those sham participants who became less reactive, they might not be indicative of
compensation. These results might instead suggest that sham participants may have become
bored with the task overall, and might not have been motivated to use CR to regulate their
emotions. However, it should also be taken into consideration that participants made these
ratings after all Time 2 resource tasks, approximately 40 minutes after the Time 2 CR task, and
approximately 75 minutes after the Time 1 CR task. These retrospective self-reported
endorsements of ER strategies may therefore be less accurate.
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The results obtained in Study 1 also provided support for the second hypothesis.
Specifically, a moderated moderation model suggested that WMC increases from Time 1 to
Time 2 predicted CR success increases (corrugator activity only) from Time 1 to Time 2. This
depended on initial reactivity to unpleasant pictures and group: WMC increases predicted CR
increases from Time 1 to Time 2 for participants who became more reactive to the unpleasant
pictures over time, where the two-way interaction of WMC change and reactivity change was
significant only for participants in the sham group, not for participants in the treatment group.
One potential explanation for why the interactive effect of WMC changes and reactivity
changes were not significant for participants in the treatment group may be that the treatment
task was very difficult for participants, compared to how difficult the sham task was for sham
participants. While treatment participants did not exhibit overall declines in any resource, they
may nevertheless have become tired, and exhibited decreases in motivation to use CR, a
cognitively demanding ER strategy. It thus stood to reason that participants in the treatment
group may have engaged in compensatory selection of an alternative ER strategy that was less
cognitively taxing, such as attentional deployment. This would explain the absence of any
relationship between WMC change and regulation success in the treatment group. The analysis
of participants’ self-reported endorsement of ER strategies provided tentative support for that
notion. While the interaction between time, group, and reported ER strategy use was not
significant, as noted above, the retrospective nature of that assessment reduces confidence in the
null effect for the treatment group.
Overall, the Study 1 analyses of individual differences implicate WMC to be a resource
for CR. This finding supports the previously established relationship between WMC and CR
(McRae et al., 2012; Schmeichel et al., 2008; Schmeichel & Demaree, 2010; Schmeichel &
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Tang, in press), and expands on that literature by specifically linking changes in WMC over time
to changes in CR success over time. However, while it was well-suited to answer questions
regarding the association of changes in WMC and changes in CR, Study 1 also exhibited several
limitations. First, the design used in Study 1 required the effect of treatment to carry over to both
the second CR task and the second iteration of the resource tasks, a period of time spanning close
to an hour. It is somewhat likely that the effect of the brief manipulation did not carry over to all
relevant tasks, reducing the chances of detecting an effect. To maximize the ability to detect
resource effects on CR success, it would be desirable to manipulate resources in closer temporal
proximity to CR. Similarly, the questionnaire assessing ER endorsement was administered over
an hour after the Time 1 CR task, reducing the likelihood that participants accurately
remembered the strategies they used. To maximize the ability to detect the effect of varying
resource levels on ER selection, it would be desirable to assess ER strategy use directly
following an ER task. Additionally, the session was approximately two hours in duration overall,
involving taxing resource assessment tasks in both the treatment and the sham group. This may
have led to participants in both groups becoming fatigued in the latter half of the study,
potentially washing out group effects of interest. In the future, it would be of benefit to reduce
the duration of a given session by reducing the number of tasks administered, or by spreading out
Time 1, Treatment/Sham, and Time 2 over a number of days. Finally, the treatment/sham
procedure used in Study 1 was very short. Other research aimed at manipulating cognitive ability
usually involves training paradigms spanning multiple days or weeks (e.g., Ball et al., 2002; Dux
et al., 2009; Jaeggi, Buschkuehl, Jonides, & Shah, 2011; Klingberg et al., 2005; Perrig,
Hollenstein, & Oelhafen, 2009; Schweizer, Hampshire, & Dalgleish, 2011; Takeuchi et al.,
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2010). In future research aimed at training or diminishing resource levels using a design like the
one used here, it would likely be of benefit to spread treatment over multiple sessions.
Despite these limitations, the Study 1 findings hint at a causal relationship between the
resources and CR success but questions regarding this relationship remain. A follow up study,
Study 2, was therefore designed to maximize the ability to detect working memory resource
effects on CR success and possible compensation by selection of alternative ER strategies. For
these purposes, it was desirable that the manipulation of working memory be closer in time to the
CR task. This would have the benefit of reducing the time for transfer to the CR task. It would
also bring assessment of ER strategies, such as attentional deployment, into closer temporal
proximity. I therefore now turn to discussing Study 2, in which I manipulated WM on a trial-bytrial basis during a CR task.
Study 2: Effect of Working Memory Load on Cognitive Reappraisal
If WM is indeed a resource for CR, as suggested by the relationship between changes in
WMC and changes in CR success (depending on reactivity and group) in Study 1, then
diminishing available levels of free WM by manipulating WM load within the confines of a CR
task should lead to diminished ability to use CR to regulate emotions. Additionally, following the
selection and compensation components of the SOC-ER framework, diminishing available levels
of WM within the confines of a CR task may lead participants to select alternative ER strategies
so as to compensate for diminished levels of WM. To examine these ideas, I designed a novel
task in which participants were asked to regulate unpleasant emotion using CR while holding in
mind CR-irrelevant information. In this combined digit span – CR (DS-CR), participants were
instructed to hold in mind digits at two difficulty levels (low working memory load; high
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working memory load). In a third no-digit (control) condition, participants were not instructed to
hold any digits in mind.
According to SOC-ER, people might compensate for resource depletion in a variety of
ways, including selecting alternative ER strategies. If participants in the treatment group
experienced resource declines, they might compensate for this by selecting alternative ER
strategies that do not depend on the diminished resource. Participants in the treatment group
might thus still exhibit ER success using these alternative strategies, despite being instructed to
use CR specifically. If this were the case, these participants might not exhibit any relationship
between resource level changes and regulation success changes.
As was apparent in Study 1, one alternative ER strategy of particular interest in the
context of this study is attentional deployment. As mentioned briefly above, it has previously
been shown that use of attentional deployment might account for variance in the use of CR (van
Reekum et al., 2007), suggesting that these two strategies might frequently be used together.
Furthermore, attentional deployment might not depend on the same cognitive resources that CR
depends on (Urry & Gross, 2010), and visual attention has been shown to be resistant against
interference from task-irrelevant information held in working memory (Woodman, Luck, &
Schall, 2007). This suggests that the same regulatory goal could be achieved using attentional
deployment even under working memory load.
Additionally, it has been shown that emotional intensity can influence emotion regulation
choice (Sheppes, Scheibe, Suri, & Gross, 2011; Sheppes et al., 2012). In these studies,
participants generally chose attentional strategies (e.g., distraction) over cognitive strategies
(e.g., CR) when regulating emotion elicited by very intense pictures (depicting severe injury,
gore, etc.), but chose CR over distraction when regulating emotion elicited by less intense
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pictures (Sheppes et al., 2011). These findings may be grounded in the fact that reappraising
emotions elicited by highly intense pictures is more resource demanding than reappraising
emotions elicited by less intense pictures. Indeed, Sheppes and colleagues (2012) furthermore
found that when participants were presented with pre-generated reappraisals, thus reducing the
cognitive demand of CR, participant chose to reappraise more frequently, supporting the idea
that choosing to reappraise is at least partially influenced by the cognitive demand of reappraisal.
Together, the research described above provides evidence suggesting that attentional deployment
might be an alternative ER strategy which participants frequently select when resource levels are
insufficient to use CR successfully.
Both the digit span component (Cabestrero, Crespo, & Quirós, 2009; Globerson, 1983;
Granholm, Asarnow, Sarkin, & Dykes, 1996) and the CR component (Johnstone et al., 2007;
Urry et al., 2006; 2009) of the DS-CR task should be cognitively demanding. Thus, in Study 2, I
recorded pupil diameter to index cognitive effort (Beatty & Lucero-Wagner, 2000). I
hypothesized that when participants were under low or high working memory load, they would
exhibit less CR success than when they were under no working memory load, and that a dosage
effect would be apparent, where participants would exhibit less CR success when under
relatively high WM load, compared to low WM load. I furthermore hypothesized that
participants may engage in compensatory selection of alternative ER strategies, such as
attentional deployment, under high WM load.
Study 2: Method
Participants
Forty-seven adults (19 females, Mage = 19.22, SDage = 1.27, deemed to be sufficiently
large based on power analysis using G*power, 1-β = .8) participated in Study 2. Participants
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were recruited through the Tufts University psychology participant pool (see Table 8).
Participants received course credit as compensation. Two participants elected to terminate their
participation in the study prematurely due to the unpleasant nature of the pictures. All
participants had normal or corrected-to-normal vision. All study procedures were approved by
Tufts University’s Institutional Review Board for Social, Behavioral, and Educational Research,
and all participants provided informed consent prior to participating.
WMC assessment
At the start of the session, after sensor attachment, participants completed a computerized
forward digit span task, which provided an index of participants’ baseline working memory
capacity. This index was important for manipulation checks regarding participants’ performance
on the WMC component of the subsequent task; it allowed me to assess whether individual
differences in WMC at baseline were correlated with WM performance during the DS-CR task.
This digit span task was identical to the digit span task used in Study 1.
Combined Digit Span – CR Task
To provide an index of success at using CR to decrease unpleasant negative emotions
under working memory load, participants completed the combined digit span – CR (DS-CR)
task, a modified version of the CR task employed in Study 1. In this task, participants were
instructed to hold in mind digits at two difficulty levels (low working memory load; high
working memory load). Participants were also instructed not to hold any digits in mind in a nodigit (control) condition. The number of digits participants had to hold in mind in the low and
high memory load conditions were based on the Time 1 Digit Span data from Study 1, in which
participants recalled an average of 7.61 (SD = 1.38) digits, with a minimum recall performance
of 4 digits. These data suggested that four digits should be a relatively light working memory
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load, whereas eight digits should be a moderately heavy working memory load. Thus, in the low
working memory load condition, participants were instructed to hold four digits in mind; in the
high working memory load condition, participants were instructed to hold eight digits in mind.
This task consisted of 36 blocks with each block consisting of digit encoding, three CR
trials, and digit recall (108 CR trials total). One of the three DS conditions was randomly
assigned to each block. Participants first saw four hash marks (control), four digits (easy) or
eight digits (hard; 12 blocks each), presented sequentially (1000 ms each, 200 ms in between
each digit), which they were instructed to hold in mind. On the digit entry screen, participants
were cued to type the digits they saw. On control blocks, participants were informed that they did
not have to hold numbers in mind on that particular block, but would be instructed to type
“1234” on the digit entry screen. Accordingly on the digit entry screen, participants were cued to
type “1234”.
Following digit or hash mark presentation, participants completed three CR trials that
were identical in structure to the CR trials in Study 1. The pictures presented over the course of
the CR trial were identical to the pictures used in Study 1, with the exception of 12 additions to
the picture set (eight negative, four neutral). These additions were required to accommodate an
increased number of CR trials compared to the total number of CR trials in Study 1. These
additional trials were necessary to balance the added DS instructions while maintaining sufficient
power. New pictures were selected based on the same criteria as the original pictures, as
described in Study 1. The order of DS conditions, CR conditions, and pictures was randomized
within and across blocks, with the following exceptions: 1) each CR condition occurred once per
block, 2) neutral pictures were only paired with the “view” instruction, and 3) participants saw
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each picture once only. Figure 7 shows a graphic depiction of the trial structure and design cells.
The DS-CR task took approximately 45 minutes to complete.
Self-report ratings. As in Study 1, participants rated their experienced arousal as they
followed the CR instructions after every trial, using the 9-point version of the Self-Assessment
Manikin (see Appendix A).
Expressive behavior. As in Study 1, corrugator electromyography (EMG) was recorded
continuously throughout the DS-CR task. Corrugator EMG data collection, decimation, and
processing followed the same procedures as in Study 1.
Pupillometry. Pupil diameter was recorded using a Tobii T120 Eye Tracker (Danderyd,
Sweden). The data were sampled at 60 Hz. Offline, data were averaged across the left and right
pupil, and were resampled to 10 Hz. Missing data were linearly interpolated.
Pupil diameter served as a manipulation check for the DS component of the DS-CR task,
where greater cognitive effort would be expected in the more difficult DS conditions. It also
served as a manipulation check for the CR component, where greater cognitive effort during the
decrease condition compared to the view condition would suggest that participants were using
cognitively demanding strategies to regulate. Pupil diameter also served to index the degree of
association between WM load and CR success in individual difference analyses.
For analyses of change in pupil diameter as a function of CR instructions, change in pupil
diameter was computed by subtracting the mean activity for the 100 ms period just prior to the
onset of instructions from each 100 ms period through the end of picture presentation. For
analyses involving the complete WM maintenance period (comprised of three CR trials), change
in pupil diameter was computed by subtracting the mean activity for the 100 ms prior to the
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onset of the first picture through the end of the presentation of the third (last) picture in the
block.
Questionnaires
Following the DS-CR task, participants again completed questionnaires assessing
demographics and their use of ER strategies during the task, including CR and attentional
deployment (see Appendix B). Participants who reported selecting different strategies in the hard
WM condition relative to the easy WM condition were cued to indicate the specific strategies
they used in both conditions.
Procedure
Upon arriving in the lab, participants first completed the informed consent process. The
sensors measuring corrugator signal were then applied. Following this, participants completed
the forward digit span task. Next, participants completed training for the DS-CR task. In this
training, participants received an overview of the task, and instructions on how to use CR during
the decrease condition, similar to previous Study 1. Following this training, participants
completed the DS-CR task. As in Study 1, all computerized procedures were presented using EPrime 2.0. At the end of the experiment, participants completed the questionnaires described
above, were thanked, debriefed, and granted credit.
Study 2: Results
Data Retention and Analysis
Corrugator signal for one participant was unavailable due to equipment failure. For
corrugator EMG, 42 participants were included. Four participants were removed from the
analyses on the basis of Mahalanobis Distance as in Study 1 (p = .001). Similarly, for pupil
diameter, 45 participants were included. Data from one participant were unavailable due to
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equipment failure. Data from one additional participant were removed from the analyses on the
basis of Mahalanobis Distance. Data for two additional participants were unavailable for
analyses involving pupil diameter over the entire block period due to faulty timing data in the
pupil data file.
Manipulation Checks
Unpleasant emotion elicitation. To test whether the unpleasant pictures did in fact elicit
unpleasant emotions, I computed a set of paired-sample t-tests for both self-report ratings of
arousal and corrugator activity (view condition only), collapsed across DS conditions.
Participants reported experiencing higher arousal in response to unpleasant pictures relative to
neutral pictures, t(41) = 18.94, p < .001, and exhibited significantly higher corrugator EMG
activity during the reactivity period for unpleasant relative to neutral pictures, t(41) = 2.56, p =
.014. These findings suggest that the unpleasant pictures indeed elicited unpleasant emotions.
This can also be seen in the separation between the “negative” and “neutral” lines depicting
corrugator EMG activity developing over the course of the trial period in Figure 8.
ER strategy use, success and effort during cognitive reappraisal. To test whether
participants used the instructed strategy CR to decrease their emotions, I conducted a paired
sample t-test comparing participants’ self-reported use of CR to the average of participant’s selfreported use of other strategies aimed at decreasing unpleasant emotions. This test suggested that
participants endorsed CR (M = 2.95, SD = 2.91) significantly less than the average of all other
strategies aimed at decreasing unpleasant emotions (M = 3.58, SD 1.21), t(44) = -2.20, p = .03.
This finding suggests that participants overall did not use CR as instructed more than other
strategies. However, this may have been informed by participants’ compensation for resource
depletion using alternative strategies. Specifically, as participants were regulating their emotions
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under working memory load, participants may have compensated for diminished resource levels
available for CR by selecting alternative strategies that did not depend on working memory. If
this were the case, it would be expected that participants would use CR more than alternative ER
strategies in the control condition. Unfortunately, post-experiment questionnaires did not permit
for analysis of ER strategy endorsements across all working memory load conditions across the
entire sample. However, it was of some interest whether participants used CR at all, I conducted
one-sample t-tests (test value 0) for their self-reported endorsement of CR in post-experiment
questionnaires. These tests suggested that participants overall endorsed using CR, t(44) = 10.38,
p < .001.
To test whether participants were generally able to use CR to decrease unpleasant
emotion elicited by these pictures, I computed a second set of paired-sample t-tests for both selfreport ratings of arousal and corrugator activity. These t-tests comparing CR condition (decrease,
view; negative pictures only, collapsed across DS conditions) suggested that participants indeed
rated unpleasant pictures as less unpleasant during the decrease condition compared to the view
condition, t(41) = -6.49, p < .001, and exhibited significantly diminished corrugator EMG
activity during the decrease condition compared to the view condition, t(41) = -2.08, p = .04.
These findings suggest that participants were able to use CR to decrease unpleasant emotion.
This can also be seen in the separation between the “decrease” and “view” lines depicting
corrugator EMG activity developing following the instructions in Figure 8.
To assess cognitive effort related to CR, I computed a GLM of DS condition (control,
easy, hard) and CR condition (decrease, view) for unpleasant pictures, with pupil diameter
(during the regulation period) serving as the dependent variable. This GLM revealed a significant
main effect of CR condition, F(1,43) = 4.32, p = .04, η2partial = .09, where participants exhibited
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relatively greater pupil diameter in the decrease condition, M = .03, 95% CI [.-.05, -.01],
compared to the view condition, M = -.06, 95%CI = [-.08, -.04]. This suggests that the decrease
condition was indeed more cognitively demanding than the view condition.
Success and effort during WM manipulation. Because the DS-CR task required
participants to follow two simultaneous tasks (hold digits in mind and perform CR), it was
possible that participants favored one task over the other. The CR manipulation check data
presented above suggest that participants successfully performed the CR task and that they
applied effort to do so; it was thus possible that participants favored regulating their emotions
over maintaining digits as part of the DS task. However, if participants complied with the
demands of the DS condition, they should have recalled significantly more digits than expected
by chance. To test this, I computed two one-sample t-tests, entering zero as the test value to
approximate chance accuracy for both the easy (1/104 for four digits) and hard (1/108 for eight
digits) conditions. These tests suggested that participants recalled digits significantly greater than
chance both for the easy condition, t(45) = 49.94, p < .001, and for the hard condition, t(45) =
7.35, p < .001.
If participants complied with the DS condition, they should also recall more digits during
the relatively easy condition than during the hard condition. Indeed, paired-sample t-tests
suggested that participants made fewer mistakes in the easy condition than in the hard condition,
t(45) = 16.74, p < .001, as expected if participants completed the DS portion of the DS-CR task.
Finally, if participants complied with the demands of the WM manipulation, they should
exert greater cognitive effort in harder DS conditions compared to relatively easy DS conditions.
To assess cognitive effort related to the WM manipulation, I computed a GLM of DS condition
(control, easy, hard) with pupil diameter (over the block period from onset of the first fixation to
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offset of the last picture of the block) serving as the dependent variable. This GLM revealed a
significant main effect of DS condition, F(2,42) = 50.25, p < .001, η2partial = .70. Follow-up
pairwise comparisons (Fisher’s LSD) revealed that over the course of a given block period,
participants exhibited greater pupil diameter change the hard condition, M = -.45, 95% CI [-.50, .39] compared to the easy condition, M = -.32, 95% CI [-.37, -.27] (p < .001), and greater pupil
diameter change in the easy condition compared to the control condition, M = -.10, 95% CI [-.15,
-.06], p < .001. The mean values for these pairwise comparisons appear to be the opposite of
what might be expected (with pupil diameter for the hard condition exhibiting the most negative
numbers); this is due to the nature of the baseline correction. At picture onset, people are already
holding digits in mind, leading to greater pupil diameter in the harder memory conditions,
compared to the easier conditions, in turn leading to greater values being subtracted out for the
baseline correction. These values therefore support this hypothesis despite being apparently
inverted.
Finally, if participants complied with the demands of the WM manipulation, participants
with a higher digit span at baseline should exhibit greater recall accuracy during the DS-CR task.
Indeed, bivariate correlations between participants’ baseline digit span and participants’ recall
accuracy in the easy and hard DS conditions of the DS-CR task were significant and positive.
Participants with higher baseline digit span exhibited higher accuracy in both the easy (r = .31, p
= .04) and hard (r = .65, p < .001) conditions.
Overall, these findings provide good evidence that participants complied with the WM
manipulation, and that it was cognitively demanding for them.
Proactive interference. As the DS-CR task involved the repeated memorization of
numbers, it was possible that free recall of these numbers was subject to a buildup of proactive
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interference, which describes the decline of free recall performance on each successive trial of a
given stimulus set. Thus, to determine whether performance on the DS portion of the DS-CR
task was subject to proactive interference buildup, I compared participants’ DS recall
performance on easy and hard blocks (which both contained numbers) that followed control
blocks (which contained hash marks instead of numbers) to recall performance on easy and hard
blocks that did not follow control blocks.
The logic for this comparison is based on the observation that the buildup of proactive
interference is released when stimulus set changes (Wixted & Rohrer, 1993). Because hash
marks represent a change in stimulus set compared to numbers, the presentation of hash marks
should release whatever proactive interference had been established. Thus, if recall accuracy on
easy and hard blocks that followed control blocks was better compared to recall accuracy on easy
and hard blocks that did not follow control blocks, this would suggest the presence of proactive
interference that was released on control blocks. On the other hand, if recall accuracy on easy
and hard blocks that followed control blocks was not better compared to recall accuracy on easy
and hard blocks that did not follow control blocks, this would suggest an absence of proactive
interference.
Because the order of blocks was randomized, not all participants experienced easy or
hard blocks preceded by control blocks: 46 participants experienced easy blocks preceded by
control blocks, while 28 participants experienced hard blocks preceded by control blocks. Pairedsample t-tests revealed no significant differences in recall accuracy between these two kinds of
trials for either the easy condition, t(45) = -1.33, p = .19, or for the hard condition, t(27) = -1.28,
p = .21. These results suggest that participants did not experience proactive interference buildup
over the course of the experiment. This is possibly due to the fact that the control blocks
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accounted for one third of the experiment, thus frequently releasing participants from any minute
buildup of proactive interference.
Effect of WM load on reactivity. Distraction has been shown to be an effective ER
strategy (McRae et al., 2010; Webb, Miles, & Sheeran, 2012), and working memory
manipulations have previously been shown to decrease unpleasant emotion via distraction (Van
Dillen & Koole, 2007). It was therefore somewhat likely that keeping CR-irrelevant information
in mind may have been distracting for participants, resulting in unintended emotion regulatory
effects. To examine this possibility, I conducted a 2x3 GLM including valence (negative,
neutral) and DS condition (control, easy, hard) as the within-subjects factors, with corrugator
signal during the reactivity period serving as the dependent variable. This GLM revealed a
significant interaction between valence and DS condition, F(2,40) = 5.18, p = .01, η2partial = .21.
Follow-up analyses (Fisher’s LSD) revealed that while unpleasant pictures elicited greater
corrugator activity than neutral pictures during the reactivity period in the control (p = .003) and
easy (p = .002) conditions, unpleasant pictures did not differ in elicited corrugator EMG from
neutral pictures during the reactivity period in the hard condition (p = .82). Follow-up analyses
(Fisher’s LSD) also revealed that this lack of differences between unpleasant and neutral pictures
was likely driven by marginally significant higher corrugator activity in the hard condition
relative to the easy condition for neutral pictures (p = .07). This comparison was not significant
for unpleasant pictures (p = .30; see Figure 9). These findings suggest that participants may not
have experienced unpleasant pictures as more unpleasant than neutral pictures during the hard
DS condition. This finding will be taken into account for the subsequent hypothesis testing
analyses.
Hypothesis Testing
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Hypothesis I: Did regulation success depend on DS condition? To test my hypothesis
that there would be differences in CR (as indexed by corrugator activity and self-report ratings)
depending on DS condition, I computed a two separate 2x3 GLMs (one for corrugator EMG, one
for arousal ratings) including CR condition (decrease, view) and DS condition (control, easy,
hard) as the within-subjects factors. As in Study 1, I included only unpleasant pictures in this
analysis.
In these GLMs, I expected to find an interaction between CR condition and DS condition,
indicating that participants were less successful at CR when under working memory load than
when not. Furthermore, I expected to find that participants were more successful in the easy DS
condition compared to the hard DS condition. The GLMs supported neither of these hypotheses.
For corrugator EMG, the two-way interaction of CR condition and DS difficulty was not
significant, F (2,40) = .34, p = .71, η2partial = .02. Similarly, for arousal ratings, the two-way
interaction of CR condition and memory difficulty was not significant, F (2,44) = .69, p = .51,
η2partial = .03. Paired t-tests contrasting the differences in regulation success (view – decrease)
between DS conditions, conducted because of a priori interest in this interaction, suggested no
difference in regulation success between the DS conditions for corrugator activity (all p > .4, see
Figure 10a) and arousal ratings (all p > .2, see Figure 10b).
It was possible that these findings could have been affected by diminished corrugator
EMG during the hard DS condition, as suggested by the significant interaction of valence and DS
condition during the reactivity period described above. To account for this possibility, I repeated
the above GLMs of CR and DS condition, excluding the hard DS condition from the main
model, entering it as a covariate instead to account for variance explained by the hard DS
condition. Additionally, I also repeated the above GLM without entering the hard DS condition

RESOURCES FOR COGNITIVE REAPPRAISAL

50

as a covariate. Similar to the previous models, for corrugator EMG, the two-way interaction of
CR condition and memory load was not significant (both p. > .4). Similarly, for arousal ratings,
the two-way interaction of CR condition and memory difficulty was not significant in either
model (both p > .4).
While these General Linear Models did not provide support for the hypothesis that
participants would exhibit reduced regulation success under high working memory load, it was
again possible that such an effect might manifest when accounting for reactivity. Accordingly, I
computed a moderation analysis using PROCESS (Hayes, 2013; Preacher & Hayes, 2008),
where DS condition (control, easy, hard; coded as 0, 1, and 2 in order of difficulty) predicted CR
success (view-decrease), moderated by participants’ initial reactivity to the stimuli, as captured
by corrugator signal. As it was likely that participants with higher working memory capacity
would be less affected by relatively high working memory loads, I also entered participants
baseline DS scores (as collected before the DS-CR task) as a moderator of the interaction
between DS condition and reactivity. Because DS difficulty represented a within-subjects
variable, I entered participants as a covariate, to account for variance explained by individuals.
For corrugator activity, this model was highly significant, R2 = .51, F(8,132) = 17.48, p <
.001. Importantly, the three-way interaction of DS difficulty condition, reactivity, and
participants’ digit span was significant (β = - .10, p < .001). Examining the effect of DS
condition at levels of reactivity and participants’ baseline digit span, it was apparent that for
participants who exhibited relatively low baseline digit span, DS difficulty condition was
negatively associated with regulation success at moderate (β = -1.22, p = .008) and high levels
of reactivity (β = -2.67, p < .001). This suggests that at moderate and high levels of reactivity,
participants with relatively low working memory capacity exhibited worse regulatory success in
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more difficult DS conditions. This model was not significant for self-report ratings of arousal, R2
= .07, F(8,126) = 1.14, p = .34.
Accounting for moderating effects of reactivity and working memory capacity (as
indexed by participants’ baseline digit span), these results support the hypothesis that
participants exhibit less regulation success when under working memory load. This appeared to
be true only for participants with relatively low working memory capacity and moderate to high
levels of initial reactivity to the stimuli, suggesting that these participants may have been most
susceptible to the effects of working memory load on emotion regulation success.
Hypothesis II: Is there evidence of compensation under higher working memory
load?
To test the hypothesis that participants might compensate under conditions of higher
working memory load by using attentional deployment instead of CR, I examined their selfreported ER strategy use from post-experiment questionnaires (see Table 9). Specifically, for this
analysis, I examined self-reported ER strategies in the easy and hard conditions for those
participants who reported using different strategies in those two conditions (N = 27). These data
were not collected for participants who did not report using different strategies, and presumably
did not compensate (N = 18). First, I computed an index of CR endorsement for the easy and
hard DS conditions, consisting of the mean of endorsement of CR and attentional deployment
(AD; see Appendix B). Next, I computed a 2x2 GLM including DS condition (easy, hard) and
strategy endorsement (CR, AD) as the within-subjects factors. This GLM revealed a significant
interaction of DS condition and strategy endorsement, F (1,26) = 32.48, p < .001. Follow-up
analyses (Fisher’s LSD) revealed that, as predicted, participants endorsed using CR (M = 3.58,
SE = .51) more than AD (M = 2.67, SE = .43) in the easy condition (p = .04), whereas
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participants endorsed using CR (M = 1.96, SE = .39) less than AD (M = 3.73, SE = .47) in the
hard condition (p < .001). Comparing easy and hard conditions within AD and CR strategies,
participants used CR less in the hard condition compared to the easy condition (p = .004) and
they used AD more in the hard condition compared to the easy condition (p = .004). These
findings support the notion that a majority of participants (60%) are compensating for lost
working memory resources.
Because it was possible that the apparent interaction of DS condition and strategy
endorsement was driven by the fact that only participants who explicitly endorsed using a
different strategy in the easy condition compared to the hard condition, I repeated the above
GLM using data from all participants. For those participants who did not report using different
strategies in the easy and hard conditions, I used mean overall strategy endorsement. This GLM
also revealed a significant interaction of DS condition and strategy endorsement, F (1,44) =
21.99, p < .001. Follow-up analyses (Fisher’s LSD) here supported the notion that participants
used CR (M = 4.28, SE = .38) more than AD (M = 3.07, SE = .35) in the easy condition (p =
.005). In the hard condition, on the other hand, participants used CR (M = 3.30, SE = .39) less
than AD (M = 3.68, SE = .36), but this difference was not statistically significant, p = .44.
Comparing easy and hard conditions within AD and CR strategies, participants used CR less in
the hard condition compared to the easy condition (p = .005) and they used AD more in the hard
condition compared to the easy condition (p = .004). While it should be highlighted that the data
for participants who did not report using different strategies in the easy and hard conditions was
generated from those participants’ overall endorsement of ER strategies, these data nevertheless
support the idea that participants used CR less (and AD more) when under high WM load,
compared to when under low WM load.
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Study 2: Discussion
The results from Study 1 suggested that there is a relationship between changes in
working memory capacity from Time 1 to Time 2, as assessed by digit span, and changes in
cognitive reappraisal success from Time 1 to Time 2, indexed by corrugator EMG. This
relationship appeared to be moderated by reactivity and group, where the interactive effect of
reactivity change and WMC change predicted CR change only for participants in the sham
group. In Study 2, I aimed to further examine the causal relationship between working memory
and CR success suggested in Study 1. The goal of Study 1 was to temporarily manipulate either
levels of resources (e.g., increasing or decreasing a person’s WMC) or ability to use those
resources (e.g., increasing or decreasing a person’s ability to store new information in WM). In
Study 2, I aimed to decrease the temporal distance between a WM manipulation and a CR task.
To accomplish this, I manipulated WM load while participants performed a picture-based CR
task in a within-subjects design. Therefore instead of aiming to manipulate levels of or ability to
use WMC, I instead manipulated the WM participants had available to perform CR. In this task,
participants maintained CR-irrelevant information in working memory while also using CR to
decrease unpleasant emotion. Having diminished the working memory available for CR,
participants were expected to be less successful at regulating their emotions using CR. I
furthermore hypothesized that participants would compensate for diminished working memory
by selecting an alternative ER strategy, attentional deployment, which might depend less on
working memory.
The results obtained in Study 2 supported the hypothesis that working memory load
would reduce CR success. However, these results only manifested when accounting for
participants’ initial reactivity to the stimuli and working memory capacity. Specifically,

RESOURCES FOR COGNITIVE REAPPRAISAL

54

participants with relatively low baseline digit span exhibited less regulation success under high,
compared to low, WM load when exhibiting moderate and high initial levels of reactivity. The
results also supported the hypothesis that participants would compensate for reduced working
memory resources. Amongst the large subset of participants who said they used different ER
strategies as a function of working memory load, participants endorsed CR use significantly less
when under high versus low working memory load. Conversely, participants endorsed attentional
deployment significantly more when under high versus low working memory load. When
analyzing all participants, these findings were somewhat weakened, but still suggested that
participants decreased their use of CR and increased their use of AD in the hard DS condition
compared to the easy DS condition. These findings are consistent with the predictions of the
SOC-ER framework, which suggests that people might compensate for depleted resources by
selecting alternative ER strategies.
The finding that participants selected attentional deployment more under high working
memory load likely inform the interpretation of the findings supporting the first hypothesis.
Specifically, it appears that participants with relatively low baseline working memory capacity
were successful at compensating for high WM load only at low levels of reactivity. However, it
appears that these participants were not successful at compensating for high WM load at
moderate and high levels of reactivity. Furthermore, it appeared that participants with average
and relatively high working memory capacity did not exhibit relationships between WM load
and CR success at any level of reactivity. There are two possible interpretations for this. First, it
is possible that these participants were successful at compensating for high WM load at any level
of reactivity, successfully using strategies that did not depend on WMC to regulate when under
high WM load. Second, it is possible that the high WM load was not sufficiently difficult for
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these participants, and that these participants were instead able to dedicate their remaining
working memory capacity to successfully use CR. The self-reported ER endorsement
questionnaires provide some support for the former interpretation in suggesting that overall,
participants did appear to compensate. However, the second interpretation cannot be ruled out
entirely using the present data, and future research is needed to clarify this finding.
While the Study 2 results thus provide support for both hypotheses and are consistent
with predictions of the SOC-ER framework, Study 2 nevertheless exhibited several limitations.
First, participants’ self-reported endorsement of ER strategies only includes a subset of
participants, namely those who endorsed using different ER strategies depending on DS
condition. This represents a design limitation, and should be addressed in future research by
asking participants to endorse specific ER strategies at each level of a WM manipulation
regardless of whether or not they say they used different strategies. In addition, the current
design does not allow us to assess participants’ use of ER strategies at varying levels of
reactivity. As it is of interest to determine whether participants’ compensation is simply not
successful at higher levels of reactivity, or if it is the case that participants are unable to
compensate at higher levels of reactivity, future research designs assessing compensation on-line
throughout an ER task (similar to self-report ratings of valence or arousal) will be of value.
Finally, while I have argued that reactivity to the unpleasant pictures (as indexed by corrugator)
may reflect the intensity of the pictures, it is important to note that corrugator activity has been
shown to track emotional valence, not emotional arousal. To gain a better understanding which
aspect of reactivity to unpleasant pictures – valence, arousal, or both – inform compensatory
success, future research may wish to include measures of autonomic nervous system activity,
such as electrodermal recordings.
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Nevertheless, the results of Study 2 provide good support for the hypothesis that emotion
regulation success varies depending on WM load, and that participants compensate for
diminished WM by selecting alternative strategies that might not depend on these resources.
Importantly, the Study 2 results also suggest that compensatory maneuvers such as this may not
always be successful, as participants exhibited diminished ER success under high WM load
when they were highly reactive.
General Discussion
To date, a number of relationships between internal abilities and ER have been identified
(Gyurak et al., 2009; Gyurak, Gross, & Etkin, 2011; McRae et al., 2012; Schmeichel et al., 2008;
Schmeichel & Tang, in press). In this dissertation, I aimed to test the SOC-ER-based prediction
that resources are causally related to ER, and that changes in these resources may lead to
compensatory selection of alternative ER strategies. In Study 1, I attempted to manipulate four
cognitive abilities identified as potential resources for cognitive reappraisal (working memory
capacity, task switching, attentional focusing, and verbal fluency), so as to measure the effect of
resource changes on cognitive reappraisal success. In Study 2, I followed up on the Study 1
findings by specifically examining the effect of working memory load on cognitive reappraisal
success, as well as on participants’ inclination to compensate for diminished resource levels.
Theoretical, Empirical, and Practical Implications
The findings of both Study 1 and Study 2 have important implications for the
understanding of the role of WM in emotion regulation. First, it is apparent that WMC matters
for CR, as suggested by previous research (McRae et al., 2012; Schmeichel et al., 2008;
Schmeichel & Tang, in press). In Study 1, it was apparent that WMC change predicted CR
change, and that this relationship differed depending on how reactive participants were at Time 2
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compared to Time 1, and on the manipulation participants experienced. Similarly, in Study 2, it
was apparent that WM load predicted regulation success, but only at higher levels of reactivity.
These data strongly implicated WMC to be related to CR success.
Second, also supporting the role of WMC in CR, the data of Study 1 and Study 2 suggest
that participants engage in compensatory selection of ER strategies based on resource levels. In
Study 1, this evidence was only tentative. Although participants in the treatment group may have
engaged in compensatory selection of alternative emotion regulation strategies, which would
explain the lack of a relationship between WMC change and CR success change in this group,
this idea was not supported by self-reported endorsement of ER strategies. It was possible that
failure to detect compensation was due to the relatively long time that elapsed between the CR
task and the assessment of ER strategies. In Study 2, in which participants’ self-reported
endorsement of ER strategies took place in closer temporal proximity to the CR task, this idea
was supported by the finding that participants reported using attentional deployment more than
CR when under high WM load. Thus, the findings of Study 1 and Study 2 further support the
notion that WMC is a resource for CR, and that participants engage in compensatory selection of
ER strategies based on resource levels, as SOC-ER suggests.
Third, the data from Study 1 and Study 2 suggests that the relationship between resources
and regulation success depends on participants’ reactivity to the stimuli. Importantly, in Study 2,
it was apparent that for participants with relatively low working memory capacity, selection of
attentional deployment at higher levels of working memory load was not successful when
participants were moderately and highly reactive. This suggests that when these participants
reacted more strongly to the emotional stimuli and were under relatively high working memory
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load, their compensatory selection of attentional deployment did not lead to successful ER. There
are three potential explanations for why this may be the case, described in turn below.
First, when participants with relatively low baseline working memory capacity react
moderately or strongly to the stimuli, CR may be a more successful strategy to regulate emotions
than attentional deployment. This is somewhat in contrast with previous findings suggesting that
participants prefer to use attentional deployment for highly intense unpleasant pictures (Sheppes,
Scheibe, Suri, & Gross, 2011; Sheppes et al., 2012). Importantly, these studies only assessed
strategy choice, not regulation success, leaving open the possibility that CR is more successful
for the regulation of highly intense pictures, despite being less preferred. Second, it may be that
when these participants react moderately or strongly to the stimuli, they are unable to engage in
compensatory selection of alternative ER strategies. This possibility cannot be addressed by the
current data, as the questionnaire assessed participants’ ER endorsements across all levels of
reactivity, and thus does not provide data regarding how well people compensated at varying
levels of reactivity. Thus, future research is required to test this possibility. Third, it may be that
attentional deployment also depends on WM, although to a lesser degree than CR. Following this
thought, it is possible that at low levels of reactivity, the WM that participants with relatively low
baseline working memory capacity have remaining under high working memory load is
sufficient to successfully regulate emotions using attentional deployment; however, at higher
levels of reactivity, the WM that these participants have remaining under high working memory
load is not sufficient to successfully regulate emotions using attentional deployment. This
possibility cannot be addressed by the present data, as these data do not allow one to assess ER
success separately by ER strategy. Thus, future research is required to test this possibility.
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Considering participants’ evident inclination to compensate for diminished resource
levels by selecting alternative strategies, it might actually be very difficult to study the effects of
diminished resource levels on any given ER strategy. This is because participants might be likely
to compensate for diminished resource levels by selecting alternative strategies for which they
have resources available even when they are instructed to use a specific ER strategy. It would
thus be important to explicitly ask participants to use only the strategy of interest to the research,
and to discourage use of alternative strategies. That being said, research has shown that even
when this is done, participants use alternative ER strategies alongside or instead of the instructed
CR strategy (e.g., van Reekum et al., 2007). Additionally, it is therefore of the utmost interest to
future research regarding the causal effects of resources on ER strategies to find a way to ensure
participants are using the strategy of interest, or to index the use of the range of possible ER
strategies. For example, research regarding the causal effects of WM on CR success might wish
to incorporate eye tracking to index use of visual attentional deployment. Eye tracking data, not
proposed as part of this dissertation, are available in the current experiment and represent an
important next analytic step.
Furthermore, as the analyses of both Study 1 and Study 2 highlighted, when studying the
relationships between resource levels and emotion regulation, it is imperative to index how
reactive to stimuli participants are. All relationships identified in this dissertation became
apparent only when examining them in the context of individual differences in reactivity. This is
well in line with previous research, suggesting that participants’ choice of emotion regulation
strategies may be informed by the intensity of a given stimulus (Sheppes, Scheibe, Suri, &
Gross, 2011; Sheppes et al., 2012), in addition to the resources participants have available. It is
possible that these relationships crystallize only when taking into account reactivity because
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reactivity informs the motivation to regulate. When participants exhibit relatively low levels of
reactivity, they may not be intrinsically motivated to regulate how they feel. They might still
follow the instructions to regulate, explaining their apparent regulatory success at low levels of
reactivity. However, this might be more of an intellectual or compliance-based exercise, rather
than ecologically valid, intrinsically motivated regulation. On the other hand, when participants
exhibit relatively high levels of reactivity, they may be fairly intrinsically motivated to regulate.
In the context of high reactivity, the intrinsic motivation to regulate might kick regulatory
processes into high gear, at which point the resource demand of these strategies might increase.
Thus, at high levels of reactivity, the resource-ER success relationships might manifest. It has
previously been suggested that capturing the context in which people regulate is important
(Aldao, 2013). The present findings highlight one aspect of situational context that appears to be
important, and it is thus of some interest to future emotion regulation studies to take this
contextual variable into account.
In addition to the theoretical and empirical implications discussed above, the present
research also has important practical implications. One area to which findings regarding the
resources involved in CR could be applied is psychotherapy. A large number of psychological
disorders are associated with emotional dysfunction (Werner & Gross, 2010). Furthermore, a
number of psychological disorders are associated with deficits in certain cognitive abilities. For
example, MDD has been associated with pervasive deficits in working memory function (Pelosi,
Slade, Blumhardt, & Sharma, 2000; Porter, Gallagher, Thompson, & Young, 2003; Pu et al.,
2011; Rose & Ebmeier, 2006; Stordal et al., 2004; Weiland-Fiedler et al., 2004). Current
psychotherapy treatments for these disorders, including MDD, generally target ER strategies
explicitly. For example, cognitive behavioral therapy, which is widely used in (and was
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developed for) the treatment of depression, relies strongly on CR (S. G. Hofmann & Asmundson,
2008). However, the present research might suggest that when WM is diminished (due to
reduced WMC or high WM load), as has been shown to be the case in MDD, it might be of more
benefit for people to use alternative ER strategies for which they have better resource levels. For
example, in major depressive disorder, levels of WMC are known to be diminished. To achieve
better therapeutic outcomes related to emotional well-being, it may be of use to target emotion
regulation strategies that do not depend on WMC, or do so to a lesser degree. However, it should
be noted that the time course of the effects discussed in this dissertation is very brief, and none
were expected to persist beyond the duration of the study. Future research should examine ways
to extend the duration of WM manipulations to days or weeks, so as to enhance practical
applications of such designs.
Additional Directions for Future Research
The studies presented in this dissertation provide notable contributions to the present
understanding of emotion regulation by demonstrating that regulatory success depends on
working memory load and emotion reactivity, and that participants may select alternative ER
strategies under high working memory load, thereby exhibiting ER success even when resources
for the original strategy are diminished. Several questions emerge from these findings. Of
particular note are the following seven questions, which future research may wish to address.
First, while Study 1 examined four potential internal resources which I believed may play
a role in CR, and while WMC emerged as a resource of particular relevance to CR, it is very
likely that CR may depend on many more internal resources (Opitz, Gross, & Urry, 2012; Urry
& Gross, 2010). For example, the Study 1 results suggested a marginally significant relationship
between attentional focusing change and CR success change, which may be worth examining
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further. As the present research strongly suggests that WM plays a role in CR, it is of some
interest to examine how other aspects of cognitive ability are related to CR. For example, being
able to recall information quickly might aid reappraisals. Thus, speed of processing might be of
interest. Understanding the relationship between various aspects of cognitive ability and CR may
expand our understanding of the role that various aspects of cognitive ability play in CR, and
may expand our understanding of the role resources play in emotion regulation in general.
Second, the SOC-ER framework suggests that there may also be external resources for
CR (Opitz, Gross, & Urry, 2012; Urry & Gross, 2010). These external resources may be any
environmental affordances, like for example the size and strength of social networks. While I
focused on internal resources in the studies comprising this dissertation, recent research suggests
that relationships exist between some aspects of social support and CR success. For example, an
index of perceived social support (self-reported Positive Relations with Others) predicted CR
success in healthy participants, but only in those healthy participants who exhibited relatively
high levels of depressive symptoms (Opitz, Birk, Cavanagh, & Urry, 2013). Understanding
which external resources play a role in CR may provide valuable insight to the understanding of
CR, and may be useful in the implementation of CR-based therapeutic interventions, such as
cognitive behavioral therapy (S. G. Hofmann, 2008). For example, finding ways to allow patients
to maximize their actual and perceived social support may lead to better therapeutic outcomes as
a function of improved emotion regulation success.
Third, while WMC emerged as the strongest resource of interest to CR among the four
candidate resources in the present design, it is possible that any and all of the four resources
assessed in Study 1 play roles in other ER strategies that I did not examine (Opitz, Gross, &
Urry, 2012). For example, aspects of cognitive control like task switching and attentional
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focusing may play a role in forms of ER involving attentional deployment or the suppression of
expressive behavior. Furthermore, as reported, there was a significant two-way interaction of
task switching and reactivity. While the absence of an interaction with group diminished the
importance of this finding in light of the present research goals, this association nevertheless
suggests the presence of a relationship between task switching and CR success depending on
emotion reactivity. As a bonus, examining how these and other resources are related to CR and
additional ER strategies may prove invaluable for the field of ER; such data would provide
empirical evidence for the distinctions between ER families, as laid out by the process model of
ER (Gross, 1998; Gross & Thompson, 2007).
Fourth, in Study 2, I examined only the effect of manipulating levels of WM available
for CR by asking participants to hold in mind CR-irrelevant information. As the results from
Study 2 suggest, diminishing resource levels likely lead to participants selecting alternative ER
strategies. While this fits well with predictions based on the SOC-ER framework, it is still
unclear what effect relatively high working memory load has on CR itself. As mentioned above,
it is therefore of some interest to prevent participants from using alternative ER strategies while
attempting to use CR under high working memory load. While it may be difficult in practice to
prevent participants from using all possible alternative ER strategies, it may be possible to
control participants’ use of the most likely alternative ER strategies under high working memory
load. For example, the present data suggest that participants may use attentional deployment
more than CR when under high working memory load. Future research may therefore be well
advised to adapt paradigms employing gaze-directed CR, in which participants’ gaze locations
are controlled and working memory load manipulated while they engage in CR (Opitz, Rauch,
Terry, & Urry, 2012b; Urry, 2010). Preventing alternative ER strategies while examining CR
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under working memory load may provide the experimental control needed to detect the direct
effects of working memory manipulations on CR.
Fifth, in Study 2, I only examined the effect of diminishing WM. It is, however, of some
interest to determine the effect of augmenting WM instead. If WM is a resource for CR, as
strongly suggested by the data presented in this dissertation, then augmenting WM participants
might enhance participants’ ability to use CR successfully. Unfortunately, effects of working
memory training, which have been suggested by a number of studies (Jaeggi, Buschkuehl,
Jonides, & Perrig, 2008; Jaeggi, Buschkuehl, Jonides, & Shah, 2011; Jaeggi et al., 2003;
Takeuchi et al., 2010), have proven difficult to replicate (Melby-Lervåg & Hulme, 2013;
Morrison & Chein, 2011; Redick et al., 2013). Similarly, research suggesting possible beneficial
effects of alternative manipulations of working memory capacity, such as mindfulness
meditation practices, is indirect and has notoriously suffered from problematic research designs
(see Chiesa, Calati, & Serretti, 2011 for a review). Future research designed to avoid some of
these limitations is therefore desirable.
An additional possibility for examining the effects of WM increases may exist if one
considers the distinction between WM capacity and WM availability. In Study 1, I attempted to
manipulate WMC by way of the treatment task. On the other hand, in Study 2, I manipulated
WM load, in effect diminishing the working memory that participants had available to dedicate
to CR. This distinction may matter, although both WMC and WM load appear to be relevant to
CR success based on the results of Study 1 and Study 2. It therefore similarly be possible to
increase the levels of WM that participants have available for CR without actually increasing
WM. For example, a research design that manipulates WM availability, allowing participants to
purge information occupying their working memory, may temporarily increase the levels of WM
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that participants have available for CR. Future research may thus be able to explore further
options for examining the effects of increasing the levels of WM participants have available to
dedicate to CR.
Sixth, the findings of both Study 1 and Study 2 only manifested for corrugator activity,
not for self-reported ratings of arousal. This may suggest that these findings are only relevant to
the regulation of valence, not the regulation of arousal. Alternatively, the 9-point scale used to
assess arousal may not have been sensitive enough to detect effects related to resources. Future
research employing measures indexing autonomic arousal will be well suited to answer which of
these possibilities provides a suitable explanation for the absence of effects related to arousal
ratings.
Finally, in both Study 1 and Study 2, I have focused on unpleasant emotions elicited by
picture stimuli. However, we do not only regulate unpleasant emotions. There are times when we
may wish to decrease pleasant emotions as well; for example, to diminish the mirthful impact of
a joke at a funeral so as to keep composure within social norms. Similarly, in both Study 1 and
Study 2, I have focused on decreasing emotions. However, there may be times when we may
wish to increase pleasant emotions, for example to increase our enjoyment of a pleasant day off.
There may also be times when we wish to increase unpleasant emotions, for example to increase
the emotional impact a particular film has on us. Future research may thus fruitfully examine the
impact of resources on the ability to increase, decrease, and compensate in the context of
pleasant and unpleasant emotions.
Concluding Remarks
The SOC-ER framework suggests that to achieve successful emotion regulation, people
engage in selection, optimization, and compensation based on available resources. To date, no
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direct links have been established between any given resource and any particular ER strategy. In
the research carried out over the course of this dissertation, I first examined the relationship
between four promising resources and cognitive reappraisal. Study 1 suggested that changes in
working memory capacity predicted changes in CR success, where increases in WMC predicted
increases in CR for sham participants who became more reactive over time. This relationship
manifested only for participants in the sham group, suggesting that participants in the treatment
group may have engaged in compensatory selection of alternative ER strategies that did not
depend on WMC. To further examine the role of WM in CR, I next attempted to directly
manipulate levels of WM available for participants to use in CR, measuring participants’ selfreported endorsement of ER strategies directly after the CR task. Study 2 provided further
support for the idea that regulatory success depended on the levels of resources participants had
available. Importantly, it appeared that participants engaged in compensatory selection of
attentional deployment, using CR less than attentional deployment when under high working
memory load. Of note, the success of this compensatory maneuver appeared to depend on how
reactive participants were to the unpleasant pictures, where compensation appeared to be
successful at low levels of reactivity, but not at high levels of reactivity.
Collectively, the findings reported in two studies strongly implicate WM to be a resource
for CR. Moreover, these findings have important implications. In the theoretical domain, they
support the SOC-ER based prediction that changes in specific resource levels do in fact affect
which ER strategies people select, and how successful they are at using them. Furthermore, in
the empirical domain, this research has strong implications for the conduct of future research,
highlighting the importance of designing studies to detect or experimentally control ER strategies
of interest, as well as the importance of indexing initial reactivity to stimuli. Finally, in the
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practical domain, these findings might also have important implications for psychotherapy,
which might benefit from the knowledge that augmenting specific resources might augment
patients’ ability to use certain ER strategies.
Emotion regulation is exceptionally important in daily life, allowing us to carve our
desired path through the tangle of emotional responses pulling us this way and that. In the past
twenty years, significant advances have been made in the scientific understanding of the means
we have at our disposal to do this (Gross, 2013). The research presented in this dissertation
provides initial empirical support for the SOC-ER framework, suggesting that emotion regulation
success varies with resource levels, and that successful emotion regulation can be achieved, even
when resource levels wane, through selection of alternative emotion regulation strategies.
Through careful and deliberate advances, emotion regulation research therefore holds the
promise for an understanding of happy, resilient, and resourceful lives.
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Table 1.
Study 1 Participant Characteristics.
Pearson Chi-Square
(or t-test for age)
Characteristics

Sham Group Treatment Group

Sex
20 M / 29 F
17 M/ 33 F
Age (SD)
21.1 (7.51)
22.4 (11.08)
Education
Less Than HS
0
2
HS diploma or equivalent
9
6
Some College
36
37
College Degree
1
3
Graduate Degree
2
0
Race
American Indian or Alaska Native
1
1
Asian
10
14
Black or African American
5
4
Caucasian
32
28
Marital Status
Single
46
45
Divorced
2
1
Widowed
0
1
Note. N = 99. SD = Standard Deviation. HS = High School.

χ2 or t

p

.49
.68

.48
.50

5.61

.23

1.03

.79

1.33

.51
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Table 2.
Descriptive statistics for corrugator EMG and arousal ratings during the CR task.
M (SEM)
Group

Time
1

Sham

2

1
Treatment

2

CR Condition

Corrugator EMG

Arousal Ratings

View
Decrease
View
Decrease

.16 (.13)
-.53 (.22)
.01 (.14)
-.44 (.19)

6.07 (.23)
5.22 (.23)
5.90 (.24)
5.18 (.24)

View
Decrease
View
Decrease

.10 (.13)
-1.08 (.22)
-.04 (.14)
-.64 (.19)

5.81 (.23)
5.13 (.23)
5.68 (.24)
4.92 (2.4)

Note. N = 88. SEM = Standard Error of the Means.
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Table 3.
WMC change predicting CR change, as moderated by reactivity change and group.
CR success change
Corrugator EMG
Variable
Constant
Δ Reactivity
ΔWMC
ΔWMC * Δ Reactivity
Group
Δ WMC * Group
Δ Reactivity * Group
Δ WMC * Δ Reactivity * Group

Arousal Ratings

B

95% CI [lower, upper]

B

95% CI [lower, upper]

-0.48**
-0.01
0.28*
0.42**
-0.18
-0.02
0.73*
-0.77*

[-0.83, -0.12]
[-0.31, 0.28]
[0.02, 0.55]
[0.16, 0.69]
[-0.89, 0.52]
[-0.54, 0.51]
[0.14, 1.32]
[-1.31, -0.24]

-0.02
-0.06
0.05
-0.02
0.08
0.07
0.01
0.11

[-0.26, 0.22]
[-0.26, 0.14]
[-0.13, 0.23]
[-0.20, 0.16]
[-0.41, 0.55]
[-0.29, 0.42]
[-0.40, 0.41]
[-0.26, 0.47]

R2

0.29

0.03

F

4.42**

0.30

Note. N = 82. CI = confidence interval (5000 Bootstrap samples). Δ = change.
*p < .05. **p < .001
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Table 4.
Conditional effect of WMC change on CR success change (corrugator) at levels of reactivity and
group
Group

Reactivity Change (T2 v. T1)

Effect of Δ WMC on Δ CR

95% CI [Lower, Upper]

Sham

Decrease
No Change
Increase

-0.72
0.29
1.30***

[-1.54, 0.10]
[-0.08, 0.67]
[0.68, 1.93]

Treatment

Decrease
No Change
Increase

0.22
0.28
0.34*

[-0.29, 0.72]
[-0.09, 0.65]
[0.02, 0.65]

Note. N = 82 CI = confidence interval (5000 Bootstrap samples).
*p < .05. *** p < .0001
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Table 5.
Task switching change predicting CR change, as moderated by reactivity change and group.
CR success change
Corrugator EMG
Variable
Constant
Δ Reactivity
Δ TS
Δ TS * Δ Reactivity
Group
Δ TS * Group
Δ Reactivity * Group
Δ TS * Δ Reactivity * Group

Arousal Ratings

B

95% CI [lower, upper]

B

95% CI [lower, upper]

-0.56*
0.21
-0.0001
-0.01*
-0.20
0.004
0.97*
0.01

[-0.92, -0.21]
[-0.12, 0.53]
[-0.005, 0.005]
[-0.01, -0.002]
[-0.91, 0.51]
[-0.006, 0.01]
[0.31, 1.62]
[-0.004, 0.02]

-0.001
-.02
-0.001
-0.001
0.05
0.001
.03
0.001

[-0.24, 0.24]
[-0.24, 0.20]
[-0.004, 0.002]
[-0.004, 0.003]
[-0.43, 0.53]
[-0.006, 0.007]
[-0.41, 0.47]
[-0.006, 0.008]

R2

0.19

0.01

F

2.47*

0.15

Note. N = 81. CI = Confidence Interval (5000 Bootstrap samples). TS = task switching.
*p < .05. **p < .001
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Table 6.
Attentional focusing change predicting CR change, as moderated by reactivity change and group.
CR success change
Corrugator EMG
Variable
Constant
Δ Reactivity
Δ AF
Δ AF * Δ Reactivity
Group
Δ AF * Group
Δ Reactivity * Group
Δ AF * Δ Reactivity * Group

Arousal Ratings

B

95% CI [lower, upper]

B

95% CI [lower, upper]

-0.24
0.19
0.002
-0.001
-0.62
-0.003
0.63
-0.003

[-0.63, 0.14]
[-0.14, 0.51]
[-0.01, 0.0002]
[-0.001, 0.005]
[-1.39, 0.15]
[-0.007, 0.002]
[-0.03, 1.28]
[-0.002, 0.008]

0.03
-0.05
-0.001
-0.001
0.09
-0.002
0.04
-0.001

[-0.22, 0.27]
[-0.26, 0.15]
[-0.002, 0.001]
[-0.002, 0.001]
[-0.40, 0.57]
[-0.005, 0.001]
[-0.38, 0.45]
[-0.004, .002]

R2

0.16

0.04

F

2.09

0.48

Note. N = 84. CI = Confidence Interval (5000 Bootstrap samples). AF = attentional focusing.
*p < .05. **p < .001
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Table 7.
Verbal fluency change predicting CR change, as moderated by reactivity change and group.
CR success change
Corrugator EMG
Variable
Constant
Δ Reactivity
Δ VF
Δ VF * Δ Reactivity
Group
Δ VF * Group
Δ Reactivity * Group
Δ VF * Δ Reactivity * Group
R2
F

Arousal Ratings

B

95% CI [lower, upper]

B

95% CI [lower, upper]

-0.38
0.34
0.03
0.07
-0.39
0.02
0.31
-0.09

[-0. 77, -0.01]
[-0.02, 0.70]
[-0.10, 0.15]
[-0.10, 0.23]
[-1.18, 0.39]
[-0.23, 0.27]
[-0.39, 1.01]
[-0.42, 0.25]

0.03
-0.06
-0.007
0.04
0.18
0.017
0.08
0.27*

[-0.22, 0.27]
[-0.30, 0.15]
[-0.08, 0.07]
[-0.06, 0.14]
[-0.31, 0.66]
[-0.14, 0.17]
[-0.35, 0.51]
[0.07, 0.48]

0.12
1.26

0.11
1.16

Note. N = 72. CI = Confidence Interval (5000 Bootstrap samples). VF = verbal fluency.
*p < .05. **p < .001
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Table 8.
Study 2 Participant Characteristics.
Characteristics
Sex
Age (SD)
Education
Less Than HS
HS diploma or equivalent
Some College
College Degree
Graduate Degree
Race
American Indian or Alaska Native
Asian
Black or African American
Caucasian
Marital Status
Single
Divorced
Widowed
Note. N = 47.

Responses
28 M/19 F
19.22 (1.27)
0
0
46
1
0
0
6
6
37
46
0
0
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Table 9.
Descriptive statistics for strategies participants endorsed in Study 2.
M (SD)
Overall

Easy

Hard

Attended non-emotional aspects (AD)
4.00 (2.86) 3.30 (3.23) 4.56 (3.31)
Sensory experiences
1.08 (1.57) 2.73 (2.70) 0.97 (1.66)
Relax
5.64 (3.05) 4.44 (3.60) 3.94 (4.00)
Attended emotional aspects
2.39 (2.75) 3.66 (3.16) 0.85 (1.31)
Averted gaze (AD)
3.78 (3.31) 2.30 (2.82) 4.91 (3.56)
Concentrated on picture
4.14 (2.60) 4.12 (3.30) 1.49 (1.58)
Attended to physical aspects
3.39 (3.07) 2.42 (2.65) 1.72 (2.55)
Exaggerated expressions
1.74 (2.45) 2.26 (3.16) 1.32 (2.35)
Decreased respiration
2.97 (3.04) 2.35 (2.99) 1.31 (2.14)
Mulled over observations (CR)
5.19 (2.99) 3.36 (2.85) 1.89 (2.57)
Distraction
4.61 (3.27) 2.74 (3.02) 4.38 (4.06)
Moved around
3.66 (3.15) 2.32 (2.80) 3.44 (3.62)
Thought rationally about events (CR)
5.83 (2.95) 3.80 (3.26) 2.03 (2.74)
Shifted gaze to observe whole picture (AD) 5.12 (3.35) 3.65 (3.38) 2.08 (2.92)
Suppressed expressions
2.13 (2.33) 1.71 (2.58) 1.39 (1.93)
Thought about similar events
2.02 (2.59) 1.85 (2.49) 0.86 (1.46)
Tensed muscles
2.26 (2.66) 1.80 (2.40) 2.34 (3.09)
Thought about participating
1.84 (2.62) 1.99 (2.84) 0.59 (1.34)
Reality challenge
3.18 (3.45) 1.59 (2.04) 2.17 (2.93)
Inserted self into scene
1.17 (2.12) 1.54 (2.54) 0.64 (1.40)
Other
0.96 (2.49) 0.96 (2.74) 0.71 (2.54)
Note. Overall N = 45. Easy, Hard N = 27. See Appendix B for complete item wording.
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Figure 1. Graphic representation of the tasks used in Study 1 to assess resource levels.
Panel a depicts the digit span task used to assess WMC, which increased in difficulty by 1 every
two trials. Panel b depicts the switching Stroop task used to assess task switching (in this
example trial, the correct answer would be “RED”). Panel c depicts the distraction task used to
assess attentional focusing (in this example, a color distractor is present on the screen). Panel d
depicts the computerized verbal fluency task. For detailed descriptions and event durations of
each task, see text.
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Figure 2a. Schematic depiction of the adaptive operation span task, adapted from
Unsworth et al. (2005). Arrows indicate location of the target stimuli. “Target 1” denotes that
“P” should be clicked first, as it is the first letter presented in this hypothetical trial. “Target 2”
denotes that “R” should be clicked second, as it is the second letter presented in this hypothetical
trial. In the case that the response to this trial was correct (P was clicked first and R second), the
next trial would consist of three math problems and letters (difficulty = N + 1, where N is the
number of math problems and letters on the current trial). In the case that the response to this
trial was incorrect, the next trial would consist of only one math problem and letter (difficulty =
N – 1).
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Figure 2b. Schematic depiction of the sham task, adapted from Unsworth et al. (2005).
Arrows indicate location of the target stimuli. In the sham task, the order in which participants
clicked on targets was irrelevant. Irrespective of whether the response on this hypothetical trial
was correct (all “R” clicked) or incorrect (not all “R” clicked), the next trial randomly increased
or decreased by one or two letters and math problems.
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Figure 3. CR task trial example. Participants first saw a fixation cross for one second.
This was followed by a picture (unpleasant or neutral), which was displayed for 12 seconds total.
After four seconds, participants heard the instruction “decrease” or “view”, stating the CR goal
for that particular trial (lasting approximately 1 second). Participants then reappraised or viewed
the picture for an additional seven seconds. Following picture offset, participants saw a blank
screen for one second, followed by the Self Assessment Manikin, presented for four seconds,
during which they rated the arousal they experienced while following the instructions.
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Figure 4. Schematic overview of the Study 1 session. After consent, sensor attachment,
and training procedures, participants would complete Time 1 resource tasks and the CR task to
index baseline resource levels and CR success. Next, participants would complete the
manipulation task (treatment or sham). Finally, participants would complete Time 2 CR task and
resource tasks to index CR success and resource levels following the manipulation task. By
comparing Time 1 resource levels to Time 2 resource levels, and Time 1 CR success to Time 2
CR success, I computed indices of resource level and CR success change due to the
manipulation.
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Figure 5a. Mean corrugator EMG (change from baseline) for all participants in Study 1
at Time 1. It can clearly be seen that participants are highly reactive to unpleasant pictures in the
first four seconds. It can also clearly be seen that participants successfully use CR to decrease
unpleasant emotions.
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Figure 5b. Mean corrugator EMG (change from baseline) for all participants in Study 1
at Time 2. It can clearly be seen that participants are highly reactive to unpleasant pictures in the
first four seconds. It can also clearly be seen that participants successfully use CR to decrease
unpleasant emotions.
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Figure 6. Conceptual model of the moderated moderations examined in Study 1, where
resource level changes (X) predict CR success changes (Y), moderated by reactivity change
(indexed by corrugator EMG; M), moderated by group (treatment, sham; W). Letters adjacent to
components of this model indicate the components’ designation in the statistical model,
presented in Figure 4b.
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Figure 7. DS-CR task trial example. Participants first saw instructions to memorize digits
(or, on trials where they did not have to memorize digits, instructions saying as much).
Participants then saw four or eight digits (four in this example), or four hash marks. Participants
then completed three CR trials (Figure 2). Finally, participants were instructed to enter the digits
they had been instructed to memorize. On control trials (not depicted here), participants saw the
instructions “Please type 1234. You can use Backspace if you make a mistake.”
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Figure 8. Mean corrugator EMG (change from baseline) for all participants in Study 2,
collapsed across memory conditions. It can clearly be seen that participants are highly reactive to
unpleasant pictures in the first four seconds. It can also clearly be seen that participants
successfully use CR to decrease unpleasant emotions.
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Figure 9. Corrugator EMG during the reactivity period, depicted by valence and WMC
condition. Of note, the lack of a difference between unpleasant and neutral pictures in the hard
condition (p = .8) is clearly apparent. *p < .05. Error bars reflect +/- 1 standard error of the mean.
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Figure 10a. CR success [view – decrease], as indexed by corrugator EMG, by memory
condition. Higher bars indicate greater CR success. Note that while CR success decreases as
memory condition difficulty increase, the interaction of CR and memory condition is not
significant, p = .71. Error bars represent +/- 1 standard error of the mean.

88

RESOURCES FOR COGNITIVE REAPPRAISAL

CR	
  success	
  (arousal	
  ra,ngs)	
  [view	
  -‐	
  decrease]	
  

1.2	
  

1	
  

0.8	
  

0.6	
  

0.4	
  

0.2	
  

0	
  
no	
  digits	
  

four	
  digits	
  

eight	
  digits	
  

memory	
  condi,on	
  

Figure 10b. CR success [view – decrease], as indexed by arousal ratings, by memory
condition. Higher bars indicate greater CR success. Note that while CR success decreases as
memory condition difficulty increase, the interaction of CR and memory condition is not
significant, p = .51. Error bars represent +/- 1 standard error of the mean.
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Appendix A1: The 9-point arousal scale of the Self Assessment Manikin
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What strategies did you use when we asked you to decrease negative emotion?
1. I attended nonemotional aspects of the pictures (AD)*
2. I brought to mind sensory experiences associated with the pictures (e.g., touch, smell,
taste, sound)
3. I attempted to relax*
4. I focused my attention on emotional aspects of the pictures
5. I averted my gaze away from the pictures (AD)*
6. I concentrated on what the pictures depicted
7. I attended to physical aspects of the pictures (e.g., color, form, contrast, brightness,
movement)*
8. I exaggerated my facial expressions
9. I decreased the rate of my breathing*
10. I mulled over what I was observing (CR)
11. I thought about something other than the content of the pictures*
12. I moved around a lot
13. I thought rationally about the events depicted (CR)
14. I shifted the focus of my eye so that I could observe all parts of the picture (AD)*
15. I suppressed my facial expressions and/or body movements*
16. I thought about similar events that I’ve experienced
17. I tensed my muscles
18. I thought about what it would be like to be a participant in the events depicted
19. I told myself what I was seeing wasn’t real*
20. I put myself in the scene, as if I were there*
21. Other*
Appendix B. Emotion regulation statements in the post-experiment questionnaires.
Participants were asked to endorse each statement on an 11 point (0= Not at all, 10 = Quite a
bit) scale, where participants endorsed the degree to which they used a given strategy using
graphical sliders. (CR) denotes those statements describing strategies consistent with the
cognitive reappraisal instructions. (AD) denotes those statements consistent with attentional
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deployment aimed at decreasing unpleasant emotions. Asterisks indicate ER strategies aimed
at decreasing unpleasant emotions that were not CR
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