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Abstract

Previous research has demonstrated that an episodic specificity induction — brief training in
recollecting details of a recent experience — enhances performance on various subsequent tasks
thought to draw upon episodic memory processes. Existing work has also shown that mental
simulation can be beneficial for emotion regulation and coping with stressors. Here we focus on
understanding how episodic detail can affect problem solving, reappraisal, and psychological well-
being regarding worrisome future events. In Experiment 1, an episodic specificity induction
significantly improved participants’ performance on a subsequent means-end problem solving task
(i.e., more relevant steps) and an episodic reappraisal task (i.e., more episodic details) involving
personally worrisome future events compared with a control induction not focused on episodic
specificity. Imagining constructive behaviors with increased episodic detail via the specificity
induction was also related to significantly larger decreases in anxiety, perceived likelihood of a
bad outcome, and perceived difficulty to cope with a bad outcome, as well as larger increases in
perceived likelihood of a good outcome and indicated use of active coping behaviors compared
with the control. In Experiment 2, we extended these findings using a more stringent control
induction, and found preliminary evidence that the specificity induction was related to an increase
in positive affect and decrease in negative affect compared with the control. Our findings support
the idea that episodic memory processes are involved in means-end problem solving and episodic
reappraisal, and that increasing the episodic specificity of imagining constructive behaviors
regarding worrisome events may be related to improved psychological well-being.
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Much recent research has focused on the nature of prospection or the human capacity to
think about the future (Gilbert & Wilson, 2007; Seligman, Railton, Baumeister, & Spripada,
2013). Although the concept of prospection includes a variety of different phenomena and
processes, four major forms of prospection have been identified: simulation, prediction,
intention and planning (Szpunar, Spreng, & Schacter, 2014). Szpunar et al. (2014) further
proposed that each of the major forms of prospection can be characterized on an episodic-
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semantic gradient, ranging from thoughts about specific events that might occur in the future
(episodic) to thoughts about general future states of the world (semantic).

In this article we focus on a form of prospection that has been studied intensively during the
past decade: episodic simulation or the construction of a detailed representation of a possible
personal future experience (e.g., Schacter, Addis, & Buckner, 2008). Research on episodic
simulation has been stimulated in part by the observation of striking cognitive and neural
similarities between episodic memory and episodic simulation (for recent reviews, see
Schacter et al., 2012; Szpunar, 2010). According to the constructive episodic simulation
hypothesis (Schacter & Addis, 2007), having a constructive, flexible episodic memory plays
a key role in supporting simulation of possible future experiences, allowing individuals to
imagine or simulate future scenarios by drawing on past experiences. Several researchers
have argued that episodic simulation can be highly adaptive because it allows people to
construct simulations of different ways in which the future might play out without having to
engage in actual behavior (cf., Ingvar, 1979; Schacter, 2012; Suddendorf & Corballis, 1997,
2007). Consistent with this observation, previous research has shown that the process of
simulating a future event can be beneficial across a variety of contexts, including planning,
prospective memory, decision-making, problem solving, and emotion regulation (for review,
see Schacter, 2012).

While episodic simulation and prospection more generally serve adaptive functions, they
can also take forms that are disruptive to psychological functioning and well-being, such as
reduced capacity to imagine positive future experiences related to the self (e.g., MacLeod &
Conway, 2007), greater anticipation of negative future experiences (e.g., MacLeod & Byrne,
1996), or excessive worry about the future (e.g., Borkovec, Ray, & Stdber, 1998). In this
paper, we will focus on identifying and understanding the contribution of episodic memory
and episodic simulation to problem solving, emotion regulation, and psychological well-
being in the context of studying personally worrisome future experiences. Some previous
evidence suggests that constructing a mental simulation of a worrisome future event can be
beneficial. For example, Brown, MacLeod, Tata, and Goddard (2002) demonstrated that
more detailed imaginings of a worrisome event (e.g., going into labor in a group of first-time
pregnancy mothers) were correlated with reduced ratings of worry and increased subjective
probability of a good outcome (e.g., successful delivery). Structured mental simulation of a
controllable ongoing stressful event (e.g., preparing for an exam) has also been shown to
increase ratings of positive affect and decrease negative emotions towards the event, as well
as increase engagement in active coping strategies (e.g., facilitating studying behaviors,
increasing planning) (Pham & Taylor, 1999; Rivkin & Taylor, 1999). Taylor, Pham, Rivkin
and Armor (1998) have proposed a number of intrinsic characteristics of mental simulations
that likely make them useful for self- and emotion-regulation, including that simulation
increases the perceived plausibility of occurrence of an event, that simulations involve an
organization of action that can yield a plan, and that simulations evoke emotional states and
their potential control. While their hypotheses have largely been supported, there is little
experimental evidence examining the specific processes that influence whether and how
future event simulation may benefit psychological well-being.
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Here we focus on how the detail with which one simulates a worrisome future event might
impact subjective well-being, problem solving, and emotion regulation towards that event.
Within a given event simulation, two major types of details that individuals produce can be
distinguished: episodic or “internal” details (i.e., information about specific people, objects,
and actions that constitute an event) and “external” or semantic details (i.e., factual
information that is not specific to time and place, commentary, or references to other events;
Levine, Svoboda, Hay, Winocur, & Moscovitch, 2002). Existing research has reported that
reduced specificity of autobiographical memory (i.e., fewer reported internal details) is
commonly associated with normal aging (Addis, Wong, & Schacter, 2008), as well as with
clinical populations characterized by such conditions as amnesia (Race, Keane, &
Verfaellie, 2011), Alzheimer's disease (Addis, Sacchetti, Ally, Budson, & Schacter, 2009),
and schizophrenia (D'Argembeau, Raffard, & Van der Linden, 2008). Critically, each of
these studies has also shown that similar patterns of deficits are found when participants are
asked to imagine future events, suggesting a common influence of episodic memory on both
remembering and imagining and a disruption of this influence in each of the aforementioned
populations.

More directly relevant to worrisome future events, there have also been reports of reduced
specificity of episodic memory retrieval and future simulation in individuals with emotional
disorders, such as depression (Williams et al., 1996) and anxiety disorders (Brown et al.,
2014; McNally, Lasko, Macklin, & Pitman, 1995; McNally, Litz, Prassas, Shin, &
Weathers, 1994). In a similar vein, there is evidence that worry in generalized anxiety
disorder (GAD) involves predominately negative verbal and conceptual thought that lacks
specific, concrete details typically contained in visual imagery and episodic simulations (for
review, see Borkovec et al., 1998). Worry elicits less sympathetic arousal than visual
imagery and suppresses somatic anxiety, and thus may serve a cognitive avoidance function
to threat so that individuals can disengage and avoid arousing emotional processing towards
the aversive or worrisome trigger (Borkovec et al., 1998; Williams, 2006). While reduced
specificity and concreteness about an aversive, arousing event may serve as temporary
relief, adopting such an orientation can have adverse long-term consequences, such as
reducing the ability to cope with the problem at hand. It is thought that reduced specificity
can magnify existing features of emotional disorders (e.g., hopelessness, avoidance) to make
it more difficult for anxious and depressed individuals to imagine their future in a
sufficiently concrete fashion to generate specific plans and goals, thus exacerbating their
symptomology (Borkovec et al., 1998; Williams, 2006; Williams et al., 1996).

The results of several studies suggest that manipulations aimed at increasing specificity and
detail of episodic retrieval can have beneficial consequences for subsequent performance of
various kinds of tasks, including problem solving. For example, Madore and Schacter (2014)
recently showed that increasing the level of detail with which participants recollect and
elaborate upon recent experiences improves subsequent problem solving performance in
healthy young and old adults. Level of detail was increased by using an episodic specificity
induction, whereby participants were guided to recall specific episodic details from a short
film compared with a control condition that did not require detailed episodic retrieval. The
effect of the episodic specificity induction is also evident on other tasks administered
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subsequent to the induction that are thought to draw on episodic retrieval, including
memory, imagination, and divergent thinking tasks (Madore, Gaesser, & Schacter, 2014;
Madore, Addis, & Schacter, 2015; for review and discussion, see Schacter & Madore, in
press). Although previous work has demonstrated that increased specificity of
autobiographical memory can be linked to improvements in depressive symptoms (Neshat-
Doost et al., 2012; Raes, Williams, & Hermans, 2009) and PTSD symptoms (Moradi et al.,
2014) with respect to negative and distressing past events, there is little evidence that
increased specificity can be beneficial for processing worrisome future events that have not
yet been experienced, and the evidence that does exist is correlational (e.g., Brown et al.,
2002). Given that reduced episodic specificity can limit the ability to imagine the future and
to engage in effective problem solving towards potential future obstacles or achieving future
goals, it is thus possible that increasing the specificity with which people imagine the future
might serve as a useful intervention to foster more constructive problem-solving behaviors
that can promote active coping and decrease overall maladaptive functioning.

In the current experiments we focus on two main avenues through which modulation of
worrying about future events can be explored: (1) by taking steps to prevent a worrisome
bad outcome and (2) by preparing to emotionally regulate or cope with a bad outcome after
it occurs (Taylor & Schneider, 1989). The first avenue can be measured via the means-end
problem solving paradigm (MEPS; Platt & Spivack, 1975), which involves a set of
standardized problems which participants must generate steps (i.e., means) to solve. Patients
with emotional disorders tend to show poorer performance on this task relative to healthy
controls (Dickson & MacLeod, 2004; Goddard, Dritschel, & Burton, 1996; Raes et al., 2005;
Sidley, Whitaker, Calam, & Wells, 1997; Sutherland & Bryant, 2008), perhaps because the
MEPS task is known to be reliant on episodic memory processes (Sheldon, McAndrews, &
Moscovitch, 2011; Sheldon et al., 2015; Vandermorris, Sheldon, Winocur, & Moscovitch,
2013) and reduced specificity of episodic memory has been documented in this population
(McNally et al., 1994, 1995; Williams et al., 1996). As previously mentioned, Madore and
Schacter (2014) demonstrated that increasing the level of detail with which participants
recollect details of past experiences with an episodic specificity induction (Madore et al.,
2014) positively impacted performance on the MEPS task by increasing the number of
relevant steps and details generated for each problem. Given evidence from Pham and
Taylor (1999) showing that constructive simulations can benefit emotion regulation in
response to stressful events, we hypothesize that increasing the detail generated by using an
episodic specificity induction before executing a MEPS task involving personally worrisome
events would further improve subjective well-being concerning the problems used in the
task.

The second avenue of examining modulation of worry about future events concerns emotion
regulation after a negative outcome takes place. Existing studies have primarily focused on
two emotion regulation strategies: cognitive reappraisal and expressive suppression, the
former of which has been demonstrated to be more effective (for review, see Gross, 1998).
Cogpnitive reappraisal is used to modulate responses to an affectively salient stimulus by
reframing a negative response to that stimulus or situation, and is effective in down-
regulating emotional experience and behavior (e.g., Goldin, Manber-Ball, Werner,

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jing et al.

Page 5

Heimberg, & Gross, 2009; Goldin, McRae, Ramel, & Gross, 2008; Hofmann, Heering,
Sawyer, & Asnaani, 2009). In the present studies we modified the traditional paradigm to
involve reappraisal and reframing of a worrisome future episode, where participants are
asked to simulate a specific event in which they actively engage in reappraisal regarding a
negative outcome (for more details, see methods below). We will refer to this process as
episodic reappraisal. Suggestive evidence related to the potential usefulness of episodic
reappraisal comes from research on imaginal exposure treatment, during which PTSD
patients are asked to recall details of a traumatic event while focusing their attention on their
feelings, thoughts, and emotions (Arntz, Tiesema, & Kindt, 2007). This procedure has been
found to reduce the severity of PTSD symptoms, such as a reduction in fear, avoidance, and
feelings of helplessness (Arntz et al., 2007). While imaginal exposure treatment involves
elaborating upon negative details of a past experience and confronting that event, we
hypothesize that elaborating upon negative details of a future outcome and reframing such a
scenario (i.e., episodic reappraisal) could also be effective for emotion regulation. Critically,
we suggest that utilizing a specificity induction to increase the amount of episodic detail in
this reappraisal task would lead to even larger gains in subsequent measures of emation
regulation and well-being, compared with engaging in a reappraisal task with less
specificity.

From a theoretical perspective, it is important to note that the specificity induction used
here, which draws on the Cognitive Interview (Cl; Fisher & Geiselman, 1992; Memon,
Meissner, & Fraser, 2010), a well-established procedure for increasing recall of episodic
detail in eyewitnesses, impacts subsequent tasks in a highly selective manner. As noted
earlier, effects of the specificity induction have been documented on subsequent tasks that
are thought to draw on episodic retrieval, including memory, future imagining, means-end
problem solving, and divergent thinking tasks (Madore et al., 2014, 2015; Madore &
Schacter, 2014, 2015). Equally important, the specificity induction has had no detectable
impact on the performance of subsequent tasks that are thought to rely on primarily semantic
retrieval or non-episodic narrative processing, such as describing a picture (Madore et al.,
2014), generating word definitions (Madore & Schacter, 2015), or generating object
associations and semantic solution words (Madore et al., 2015). Schacter and Madore (in
press) have suggested that the Cl-based induction biases a subsequent episodic retrieval
orientation toward a focus on specific event details, such that individuals construct more
detailed mental scenes or events after a specificity induction than a control induction. These
previous findings and ideas concerning the selective effects of the specificity induction on
subsequent task performance should allow us to draw relatively specific theoretical
conclusions concerning predicted effects of the induction on subsequent task performance.

In summary, we tested the hypothesis that manipulating the level of specificity with which
individuals imagine worrisome future events would influence subsequent measures of
emotion regulation and well-being based on problem-solving and episodic reappraisal tasks.
While the MEPS task assesses primarily participants’ ability to generate steps to prevent a
bad outcome, the episodic reappraisal task targets their ability to cope with a negative
outcome. In light of previous findings and theoretical ideas, we predicted that the episodic
specificity induction, relative to a control induction, should (1) increase the number of
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relevant steps and internal details on the MEPS task (cf. Madore & Schacter, 2014), (2)
increase the specificity with which participants perform the episodic reappraisal task, and (3)
improve subjective measures of well-being and coping for a given problem.

Experiment 1

Method

Participants—A total of 35 healthy undergraduate students (ages 18 to 25, M = 20.16
years, 23 female) were recruited from Harvard College and Boston University. Participants
were paid or received course credit for their participation. All participants had normal vision
and no history of neurological or psychological impairment. A total of 10 participants were
excluded due to experimenter error (2 participants), incompletion of the experiment (5
participants), or noncompliance (3 participants), leaving 25 participants in the final sample.
Before the study was run we performed a power analysis to determine that a sample size of
at least 24 useable participants was necessary to observe a medium-sized effect of the
induction (power > .80, a = .05, two-tailed, for a within-subjects design, d = 0.60), which
has also been the case in prior induction studies (e.g., Madore et al., 2014, 2015). Given
scheduling constraints with multiple sessions, data collection was stopped once it was
determined that approximately enough useable participants had been run to reach this
number.

Equipment—All experimental sessions were executed using Qualtrics on an Apple
desktop computer. During the induction phases, participants viewed the induction videos
using Quicktime media player. Participants’ responses during the induction phases were
recorded using an audio recorder.

Experimental Procedure—The experiment as a whole lasted approximately 6.5 hours
across 3 separate sessions. The first session lasted 2.5 hours, during which participants
provided 30 worrisome events. The second session took place 1 to 3 days after the first
session (M = 1.72 days) and lasted 2 hours, and the third session took place 5 to 7 days after
the second session (M = 5.88 days) and lasted 2 hours. In the second and third sessions,
participants first completed an induction phase (specificity or control induction), and then
completed two tasks (means-end problem solving and episodic reappraisal tasks) involving a
subset of the worrisome events that they provided in the first session. See Figure 1 for a
diagram of the experimental procedure.

Session 1: Participants provided 30 worrisome, anxiety-provoking problems or specific
events that might take place in the near future (i.e., within the next 3-5 years). They were
instructed to list specific, concrete, and highly familiar events or scenarios with tangible
outcomes. Example categories of potential worries or problems included academics, health,
career, relationships, and finances. Participants typically provided worries or problems from
multiple categories, and were discouraged from listing events that involved the death of a
loved one. Participants also generated a brief title and answered the following questions for
each event they listed: (1) What exactly about this event worries you?; (2) What is the bad or
negative outcome that you fear for this event?; and (3) What is the good or positive outcome
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that you hope will happen for this event? Responses to these questions were used to tailor
the main experimental tasks to each participant.

Participants also rated each event on a 1 to 9 scale on the following dimensions (modified
from Brown et al., 2002): (1) How anxious or worried are you about this problem or event?;
(2) How likely is it that you will experience a good outcome for this event?; (3) How likely
is it that you will experience a bad outcome for this event?; and (4) How difficult do you
think it would be to cope with a bad outcome for this event? Participants made these ratings
in all three sessions, and changes in these ratings were used as subjective measures of well-
being.

At the end of the first session, participants were asked to fill out the COPE Inventory
(Carver, Scheier, & Weintraub, 1989), which can be divided into two separate composites
for engagement coping (i.e., positive reinterpretation and growth, use of instrumental and
emotional social support, active coping, planning) and disengagement coping (i.e., mental
and behavioral disengagement, denial). We adapted the COPE Inventory to assess how
participants judge that they will respond to the stressful events that they imagined in the
experiment in the near future (i.e., the next week or month), instead of how they typically
respond to stressors (e.g., Rivkin & Taylor, 1999). The COPE Inventory was administered
after all three sessions to assess changes in indicated coping responses towards the
worrisome events after the induction manipulation. Participants also completed the State-
Trait Anxiety Inventory (STAI; Spielberger, Gorsuch, & Lushene, 1970) at the end of the
first session to examine whether trait anxiety might be associated with the quality of
simulation or baseline levels of worry.

Sessions 2 and 3: The second and third experimental sessions consisted of multiple phases.
First, participants completed an induction phase with either a specificity or control
induction; only one induction was administered per session. Second, participants completed
two tasks involving the worrisome events they provided in session 1: a means-end problem
solving (MEPS) task and episodic reappraisal task.

Induction Phase: In the beginning of the second and third sessions, participants watched a
short video of two adults performing routine activities in a kitchen; two different videos
were used between induction conditions and the order of videos was counterbalanced across
subjects. Following the videos, participants completed a math filler task (i.e., addition and
subtraction questions) for 2 minutes. Afterwards, participants either received questions
about the video in the form of an episodic specificity induction or a control induction; only
one induction was administered per session and the order of inductions was counterbalanced
across subjects. In the episodic specificity induction, participants were given mental imagery
probes asking them to recall specific details about the people, setting, and actions in the
video, with follow-up probes to encourage them to elaborate more on the details they had
mentioned. In the control induction, participants worked on a packet of math questions for
the same amount of time (i.e., no episodic retrieval and elaboration required). The episodic
specificity and control inductions use the same procedures that have produced significant
effects on memory, imagination, and problem solving tasks in previous work (Madore et al.,
2014; Madore & Schacter, 2014). Contrasting performance on the subsequent tasks between
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the two induction conditions allowed us to assess the effect of episodic detail (i.e., more
episodic detail with the specificity induction versus baseline detail with the math control) on
self-report subjective well-being measures concerning the events involved in the tasks. See
Supplemental Materials for the specificity induction script.

Experimental Tasks: After the induction phase, participants completed two experimental
tasks: the means-end problem solving (MEPS) task and the episodic reappraisal task. The
events from session 1 were randomized and adapted into an appropriate format for each task
using answers to questions from session 1 (e.g., “What is the bad or negative outcome that
you fear for this event?” and “What is the good or positive outcome that you hope will
happen for this event?”). Participants completed one practice trial and subsequently viewed
6 events in each task. The order of tasks was counterbalanced across subjects.

Problem Solving: In the means-end problem-solving task (MEPS; adapted from Madore &
Schacter, 2014; Platt & Spivack, 1975), participants viewed 6 different problem stories
relating to the personal worrisome events they provided in session 1. Each story described
the beginning of the problem (e.g., worrying about the problem) and an ending solution
(e.g., achieving the positive outcome specified for the event in session 1). Participants were
given 5 minutes to type out the steps they would execute to reach the final solution in each
problem in as much detail as possible. They completed one practice trial with the
experimenter before beginning the task to ensure that they understood all instructions.
MEPS trials in sessions 2 and 3 were created from 14 randomly selected problems out of the
30 total problems that participants generated in session 1. See Supplemental Materials for
task instructions and a sample story.

Episodic Reappraisal: The episodic reappraisal task was adapted from traditional cognitive
reappraisal tasks that tap into primarily semantic knowledge of an emotional stimulus to aid
in reframing a negative response to that stimulus. For example, an experiment examining
distorted negative self-beliefs instructed participants to reinterpret the content of the belief;
e.g., if the belief is “No one likes me,” participants should tell themselves, “That is not
always true, some people like me,” or “This is only a thought, not a fact” (Goldin et al.,
2009). These instructions are given in order to bring attention to objective, factual
information that detracts from more subjective, emotional information about the stimulus or
task. In the present study, we modified the typical paradigm so that participants are required
to focus on episodic details of a scenario in which they are actively engaging in reappraisal
of an imagined negative outcome, rather than focusing on more semantic information about
the situation.

Participants were presented with 6 negative-outcome scenarios for problems or events they
listed in session 1. For each event, participants were asked to (1) for 2 minutes, simulate a
scenario in which a negative outcome to the event took place, (2) rate how anxious or
worried they felt about the worrisome event, and (3) for 5 minutes, imagine themselves
reinterpreting the situation so that it becomes less negative to them and describe their
thoughts, feelings, and actions as they are doing so in as much detail as possible. We
included the 2-minute simulation component so that participants would be able to
experience negative emotion towards the worrisome event prior to reappraising the event.
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Participants received one practice trial before the beginning of the task. Episodic reappraisal
trials in sessions 2 and 3 were created from 14 randomly selected problems out of the 30
total problems that participants generated in session 1. See Supplemental Materials for task
instructions and a sample scenario.

Participants received the same task instructions in sessions 2 and 3 regardless of induction
condition, and focused on completing each task in as much detail as possible so that report
criteria would be equated following the induction manipulation.

Ratings: After imagining each event during the MEPS and episodic reappraisal tasks,
participants rated each event on a scale of 1 to 9 on the following: (1) How anxious or
worried are you about this problem or event?; (2) How likely is it that you will experience a
good outcome for this event?; (3) How likely is it that you will experience a bad outcome for
this event?; and (4) How difficult do you think it would be to cope with a bad outcome for
this event? We contrasted these ratings with the original ratings made in session 1 to
examine changes in subjective measures of well-being and emotion regulation for the
imagined events. For example, improved well-being could be marked by decreased ratings
of anxiety, decreased plausibility for experiencing a bad outcome, increased plausibility for
experiencing a good outcome, and decreased perceived difficulty in coping with a bad
outcome.

Questionnaires. At the end of both sessions 2 and 3, participants once again completed the
COPE Inventory questionnaire (Carver et al., 1989). Changes in responses to this
questionnaire measure shifts in indicated coping responses towards the worrisome events
after the induction manipulation.

Coding—Three raters were trained to score responses from the 5-minute simulation
components to both the problem-solving and episodic reappraisal tasks. Responses for the
MEPS task were scored as a “relevant step”, “irrelevant step”, or “no step” using the step
categories defined by Platt and Spivack (1975); for the analyses, irrelevant and no steps
were collapsed into one “other steps” category (cf. Madore & Schacter, 2014; Sheldon et al.,
2015). A relevant step is a step or event that leads towards the designated solution state or
goal, an irrelevant step is a step or event that leads towards a different solution state not
designated in the prompt, and a no step is information that does not fit the step framework
(e.g., commentary about the task, repetitive or off-topic information). As in previous work,
participants’ responses were also scored with the internal and external detail categories of
the Autobiographical Interview (Al; see Levine et al., 2002; Madore et al., 2014; Sheldon et
al., 2011). Internal details were segmented as any bits of episodic information contained in
the responses (e.g., people, places, actions, objects, thoughts, feelings, etc. of the central
event), and external details were segmented as any bits of other information contained in the
responses (e.g., semantic facts and commentary, off-topic and repetitive information, etc.).
In the MEPS task, internal details corresponded to episodic information (usually contained
in relevant steps), whereas external details corresponded to semantic information (usually
contained in other steps). Importantly, the MEPS task was scored for both steps and details
because the two variables do not necessarily have a one-to-one correspondence. For
example, individuals could provide more relevant steps with the specificity induction
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without much impact on detail, or they could provide more relevant steps and more detail.
Responses for the episodic reappraisal task were also scored with the internal and external
detail categories.

All raters were blind to the condition of the narratives (control, specificity). The three raters
separately scored 20 participant practice trial responses (10 MEPS, 10 episodic reappraisal)
to assess inter-rater reliability, and high inter-rater reliability was obtained for details
(standardized Cronbach's a = .977 for internal details and .982 for external details) and steps
(standardized Cronbach's a = .973 for relevant steps and .926 for other steps). The
remainder of responses was scored by one of the three raters separately. Rater 1 scored 40%
of participant responses, rater 2 scored 32% of participant responses, and rater 3 scored 28%
of participant responses.

We conducted a series of repeated-measures analyses of variance (ANOVAS) to test the
hypotheses, which involved within-subjects factors of Induction (control vs. specificity),
Task (MEPS vs. episodic reappraisal), Detail type (internal vs. external), Step type (relevant
vs. other), and Time of Simulation (initial pre-simulation ratings during session 1 vs. post-
simulation ratings during sessions 2 and 3). Both main effects and interactions were tested
for each of the variables; we focus on the interactions to address the impact of induction on
each of the variables. The counterbalanced order of induction and task did not have a
significant effect on the analyses reported below.

Event exclusion—A total of 2.5% of event trials were excluded from the experiment
(3.6% of reappraisal trials, 1.3% of MEPS trials) because the participant was unwilling or
unable to perform the task, or because the participant actually experienced the event
between session 1 and sessions 2 or 3.

Induction Effects on Steps and Details—We first examined how the specificity
induction affected the steps generated in the MEPS task and details generated in both the
MEPS and episodic reappraisal tasks (see Supplemental Table 1 for mean steps and details)
when equating for induction length. The duration of the control induction (i.e., math control
task) was 4 min, SD = 0 min, and the mean duration of participants’ verbal responses during
the specificity induction was 3.92 min, SD = .98 min.

For the MEPS task, we first conducted a 2 (Induction: control vs. specificity) x 2 (Step type:
relevant vs. other) repeated-measures ANOVA. Critically, we found a significant interaction
of Induction x Step Type, F(1,24) = 71.63, p < .001, npz =.75. Two-tailed post hoc t-tests
showed that participants generated significantly more relevant steps, t(24) = -8.90, p <.001,
95% CI =[-5.23, —3.26], d = 1.78, and significantly fewer other steps, t(24) = 4.16, p<.
001, 95% CI = [.74, 2.20], d = 0.83, in the specificity condition compared to the control
condition (Relevant steps: Mifference = 4.25, SE = .48; Other steps: Mifference = —1.47, SE
=.35). Next, we conducted another 2 (Induction: control vs. specificity) x 2 (Detail type:
internal vs. external) repeated-measures ANOVA, where we found a significant interaction
of Induction x Detail Type, F(1,24) =51.88, p <.001, np2 = .68. Participants generated
significantly more internal details, t(24) = -6.50, p < .001, 95% CI = [-18.38, -9.52], d =
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1.30, and significantly fewer external details, t(24) = 4.32, p <.001, 95% CI =[3.62, 10.25],
d = 0.86, in the specificity condition compared to the control condition (Internal detail:
Mgifference = 13.95, SE = 2.15; External detail: Mgjfference = —6.93, SE = 1.61). Thus, the
specificity induction effectively boosted the number of relevant steps (Figure 2A) and
internal details (Figure 2B) that participants generated in the MEPS task. The number of
relevant steps and internal details generated by participants were highly correlated, r(23) =.
94, p<.001, 95% CI = [.87, .97].

In the episodic reappraisal task, we conducted another 2 (Induction: control vs. specificity) x
2 (Detail type: internal vs. external) repeated-measures ANOVA. Once again, we found a
significant interaction of Induction x Detail Type, F(1,24) = 38.54, p <.001, Tlp2 =.62,
where participants generated significantly more internal details, t(24) = -4.78, p < .001, 95%
Cl =[-13.88, -5.50], d = 0.95, and fewer external details, t(24) = 3.72, p=.001, 95% CI =
[1.76, 6.13], d = 0.74, in the specificity condition relative to the control condition (Internal:
Mgiference = 9-69, SE = 2.03; External: Mgitference = —3-94, SE = 1.06). Just as it did in the
MEPS task, the specificity induction boosted the number of internal details that participants
generated in the episodic reappraisal task (Figure 2C). Because the specificity induction
boosted both the number of relevant steps and internal details in both tasks, we are able to
relate this increase in specificity to changes in subjective well-being concerning the
imagined worrisome events.

Induction Effects on Ratings of Subjective Well-being—Next, we contrasted pre-
simulation (session 1) to post-simulation (sessions 2 and 3) changes in ratings of anxiety,
perceived likelihood of a good or bad outcome, and perceived difficulty to cope with a bad
outcome between the control and specificity conditions to assess effects of the induction on
changes of subjective well-being towards the imagined events. Although most changes from
pre- to post-simulation ratings were significant (see Supplemental Table 2 for mean ratings
in MEPS task and Supplemental Table 3 for mean ratings in episodic reappraisal task),
overall changes from session 1 to sessions 2 and 3 are of limited interest because they could
reflect the influence of multiple factors. Accordingly, we focus on the contrast between
rating changes in the control and specificity conditions through a series of 2 (Induction:
control vs. specificity) x 2 (Time of Simulation: pre- vs. post-simulation) repeated-measures
ANOVA:s. In the following analyses we tested for both main effects and interactions, and
focus on reporting the interactions to address the impact of induction on each of the
variables. Correlations examining the relationship between the change in internal detail and
the change in ratings between the specificity and control conditions are reported in
Supplemental Table 4. Trait anxiety was not significantly related to any changes in ratings
regarding the imagined events in the observed sample of participants (see Supplemental
Table 5).

Changein Anxiety: For perceived anxiety concerning the imagined events, the Task
(MEPS vs. reappraisal) x Induction x Time of Simulation interaction was not significant,
F(1,24) = .03, p= .87, npz =.001. However, below we separate the analyses by task due to
the difference in the nature of the tasks, but note that the results are the same when collapsed
across tasks.
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In the MEPS task, we found a significant interaction of Induction x Time of Simulation,
F(1,24) =5.96, p < .05, np2 =.20. There was a significant decrease in ratings of anxiety for
the imagined events from pre- to post-simulation in both the control and specificity
conditions, but critically, there was a significantly larger decrease in anxiety ratings in the
specificity condition than in the control condition, t(24) = 2.44, p < .05, 95% CI = [.08, .95],
d = 0.49 (Figure 3A). In the episodic reappraisal task, we also found a significant interaction
of Induction x Time of Simulation, F(1,24) = 9.56, p< .01, an =.29. There was a
significant decrease in ratings of anxiety for the imagined events from pre- to post-
simulation in the control condition and specificity condition, but we observed a larger
decrease in anxiety ratings in the specificity condition than in the control condition, t(24) =
3.09, p<.01, 95% CI =[.16, .79], d = 0.62 (Figure 4A). However, we note that there was a
small but significant difference between initial anxiety ratings for trials in the control
condition and specificity condition for both the MEPS task [Mgitference = -34, SE = .11, t(24)
=-3.21, p<.01, 95% CI = [-.55, —.12], d = 0.64] and episodic reappraisal task [Mifference
= .45, SE=.09, t(24) = -4.95, p <.001, 95% CI = [-.64, —.26], d = 0.98].

Changein Perceived L ikelihood of a Bad Outcome: For perceived likelihood of a bad
outcome to the imagined events, the Task x Induction x Time of Simulation interaction was
not significant, F(1,24) = 1.02, p=.32, np2 =.04. Once again, we separate the following
analyses by task due to the difference in the nature of the tasks.

In the MEPS task, we found a significant interaction of Induction x Time of Simulation,
F(1,24) = 4.96, p < .05, npz =.17. There was a significant decrease in ratings of perceived
likelihood of a bad outcome for the imagined events from pre- to post-simulation in both the
control condition and specificity condition, but we observed a larger decrease in ratings of
perceived likelihood of a bad outcome in the specificity condition than in the control
condition, t(24) = 2.23, p< .05, 95% CI =[.03, .72], d = 0.45 (Figure 3B). In the episodic
reappraisal task, we also found a significant interaction of Induction x Time of Simulation,
F(1,24) =13.72, p=.001, np2 =.36. There was a significant decrease in ratings of perceived
likelihood of a bad outcome from pre- to post-simulation only in the specificity condition,
but there was a larger decrease in ratings of perceived likelihood of a bad outcome in the
specificity condition than in the control condition, t(24) = 3.70, p = .001, 95% CI = [.27, .
97], d = 0.74 (Figure 4B). We once again note that there was a small but significant
difference between initial likelihood ratings for trials in the control condition and specificity
condition in only the episodic reappraisal task [Mgifference = -46, SE = .18, t(24) = -2.53, p
<.05, 95% CI = [-.83, —.08], d = 0.50].

Changein Perceived L ikelihood of a Good Outcome: For perceived likelihood of a good
outcome to the imagined events, the Task x Induction x Time of Simulation interaction was
not significant, F(1,24) = .07, p=.79, np2 <.01. Below, we separate the analyses by task
due to the difference in the nature of the tasks.

In the MEPS task, we found a significant interaction of Induction x Time of Simulation,
F(1,24) =5.42, p< .05, npz =.18. We observed a significant increase in ratings of perceived
likelihood of a good outcome for the imagined events from pre- to post-simulation in both
the specificity and control conditions, but there was a larger increase in ratings of perceived
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likelihood of a good outcome in the specificity condition than in the control condition, t(24)
=-2.33, p<.05, 95% CI =[-.82, —.05], d = 0.47 (Figure 3C). We did not find a significant
change in ratings of perceived likelihood of a good outcome in the episodic reappraisal task.

Changein Perceived Difficulty to Cope with a Bad Outcome: For perceived difficulty to
cope with a bad outcome to the imagined events, there was a significant interaction of Task
x Induction x Time of Simulation, F(1,24) = 6.01, p < .05, npz =.20.

In the episodic reappraisal task, we found a significant interaction of Induction x Time of
Simulation, F(1,24) = 26.61, p < .001, np2 = .53. There was a significant decrease in ratings
of perceived difficulty to cope with a bad outcome for the imagined events from pre- to
post-simulation in both the control condition and the specificity condition, but we observed
a larger decrease in ratings of perceived difficulty to cope with a bad outcome in the
specificity condition than in the control condition, t(24) = 5.16, p <.001, 95% CI = [.44,
1.02], d = 1.03 (Figure 4C). For the MEPS task, the Induction x Time of Simulation
interaction was not significant, F(1,24) = .31, p = .58, Tlp2 = .01, although there was a
significant decrease in ratings of perceived difficulty to cope with a bad outcome for the
imagined events from pre- to post-simulation in both the control and specificity conditions.

Overall, these results suggest that greater detail of simulation via the specificity induction is
related to 1) a larger reduction in anxiety towards the imagined events in both tasks, 2) a
larger reduction in the perceived likelihood of a bad outcome for the imagined events for
both tasks, 3) a larger increase in the perceived likelihood of a good outcome for the
imagined events in the MEPS task, and 4) a larger reduction in the perceived difficulty to
cope with a bad outcome for the imagined events in only the episodic reappraisal task,
relative to the control induction (see Supplemental Table 4 for correlations).

COPE Inventory Questionnaire: The COPE Inventory was administered at the end of all
three experimental sessions. Responses to the COPE Inventory were split into two
composite scores for engagement coping (i.e., scale items related to positive reinterpretation
and growth, use of social support, active coping, and planning) and disengagement coping
(i.e., mental and behavioral disengagement, denial). There was a significant increase in
indicated use of engagement coping behaviors from the initial session to both the control
condition session [Mchange = 3.92, SE = 1.41, 1(24) = =2.77, p < .05, 95% CI = [-6.84,
—1.00], d = 0.56], and the specificity condition session [Mchange = 5.20, SE = 1.24, t(24) =
-4.20, p<.001, 95% CI = [-7.76, —2.64], d = 0.84]. There was a slightly larger increase in
indicated use of engagement coping in the specificity condition relative to the control
condition, but the difference between the change scores from the initial session to the post-
simulation sessions reached only trending significance, t(24) = -1.93, p =.066, 95% CI =
[-2.65, .09], d = 0.38 (Figure 5). There was no significant difference in indicated use of
disengagement coping behaviors from the initial session to the control [Mchange = =52, SE
=.91, 1(24) = .57, p= .57, 95% CI = [-1.35, 2.39], d = 0.11] or specificity sessions [Mchange
=-1.04, SE=.87,1(24) = 1.20, p = .24, 95% CI = [-.75, 2.83], d = 0.24].
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Experiment 1 Discussion

Overall, the results of Experiment 1 support the hypothesis that increasing episodic detail of
simulation for constructive behaviors concerning worrisome events leads to improved
subjective well-being towards those events. Using an episodic specificity induction
increased the number of relevant steps and internal details that participants generated during
a means-end problem-solving (MEPS) task and also increased the number of internal details
generated during an episodic reappraisal task. Importantly, in the specificity condition
relative to the control condition, we observed larger decreases in anxiety towards the
worrisome events in both tasks, larger decreases in perceived likelihood of a bad outcome in
both tasks, larger increases in perceived likelihood of a good outcome in the MEPS task
(although the Task x Induction x Time of Simulation interaction was not significant), and
larger decreases in perceived difficulty to cope with a bad outcome in only the episodic
reappraisal task. There was also a trending increase in indicated use of engagement coping
behaviors in the specificity condition relative to the control condition. These results suggest
that episodic detail of simulation may be positively related to improved subjective well-
being across a number of different measures.

As noted earlier, there were significant differences in the initial ratings of anxiety and
perceived likelihood of a bad outcome between the control and specificity conditions, which
limit our interpretation of the results. However, the direction of the difference (i.e., events in
the specificity condition had higher initial anxiety and higher perceived likelihood of a bad
outcome ratings) is opposite to the final pattern of anxiety ratings (i.e., events in the
specificity condition had lower post-simulation anxiety and lower perceived likelihood of a
bad outcome ratings), which makes it improbable that the difference in change between the
specificity and control conditions is purely attributable to an initial difference in ratings.
However, to account for this possibility, we aimed to more evenly match initial ratings for
anxiety, perceived likelihood of a good or bad outcome, and perceived difficulty to cope
with a bad outcome in Experiment 2.

Experiment 2

In Experiment 2, we aimed to extend the results of Experiment 1 after more evenly matching
initial ratings of subjective well-being and using a different control induction than the math
control used in Experiment 1. It is possible that the effects we attributed to specific episodic
retrieval in Experiment 1 instead reflect other differences between the specificity induction
and math control condition, such as the general requirement to think back to and talk about
the video during the specificity induction. To address this issue, in Experiment 2 we used a
more stringent impressions control induction that requires participants to reflect on general
characteristics of the video, while not requiring them to retrieve specific episodic details.
Thus, contrasting performance following the specificity and impressions control inductions
will allow us to conclude with more certainty that effects of the specificity induction can be
attributed to retrieving episodic details, rather than talking about the video more generally.
Previous research has demonstrated similar effects of the episodic specificity induction on
subsequent memory and imagination tasks compared with the math control and impressions
control conditions (Madore et al., 2014), but it is critical for theoretical interpretation of our
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results to determine whether the same pattern holds for the key dependent measures in the
present study. Overall, the methods used in Experiment 2 are very similar to those of
Experiment 1, with differences highlighted below.

Participants—A total of 32 healthy undergraduates were recruited from Harvard
University and Boston University (ages 18 to 25, M = 20.84 years, 20 female). A total of 6
participants were excluded due to noncompliance (1 participant) or incompletion of the
experiment (5 participants), leaving 26 participants in the final analysis. A power analysis
based on the average effect sizes in Experiment 1 for changes in subjective well-being
ratings in the specificity versus control condition revealed that a sample size of 22 would
provide the ability to detect an overall effect with power of > .80 (two-tailed test, a = .05, d
= 0.63). To keep the sample size in Experiment 2 comparable to that of Experiment 1, we
stopped data collection after reaching the same approximate number of useable participants.

Questionnaires—In addition to the COPE Inventory and STAI questionnaires
administered in Experiment 1, participants filled out the Positive and Negative Affect
Schedule (PANAS; Watson, Clark, & Tellegen, 1988) to measure changes in positive and
negative affect before and after the simulation tasks. The PANAS was administered after all
three sessions.

Experimental Procedure—On average, session 2 took place 1.46 days after session 1,
and session 3 took place 5.74 days after session 2. See Figure 1 for a diagram of the
experimental procedure.

Session 1: Session 1 remained the same in Experiment 2. In preparing event stimuli for
sessions 2 and 3, we matched events more evenly on initial ratings of anxiety, perceived
likelihood of a good or bad outcome, and perceived difficulty to cope with a bad outcome.

Sessions 2 and 3: Participants first completed the induction phase with either a specificity
or control induction, and subsequently completed the problem solving and episodic
reappraisal tasks. While the specificity induction procedures remained the same as in
Experiment 1, we utilized a different control induction in Experiment 2, the impressions
control induction. The order of inductions and tasks was counterbalanced across subjects.

I mpressions Control Induction: After watching a short video and completing a math filler
task, participants who received an impressions control induction were asked questions
targeting general impressions, opinions, and thoughts about the video. The control induction
did not require participants to retrieve specific episodic details about the video, while still
allowing them to talk more generally about the video. See Supplemental Materials for the
impressions control script.

Problem Solving: Participants viewed 6 problem stories related to their personal worrisome
events and were asked to generate steps to reach a positive outcome. In contrast to
Experiment 1, participants were also given 1 minute to imagine and describe a scenario in
which they are worrying about the specified problem and to rate how anxious or worried
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they felt about the problem on a scale of 1 to 9, prior to generating steps to reach a positive
outcome for 5 minutes. This format was adopted to match the time participants spent
thinking about the worrisome event before the 5-minute simulation component in both the
problem-solving and reappraisal tasks.

Episodic Reappraisal: The episodic reappraisal task consisted of 6 bad-outcome scenarios
and was very similar to the version administered in Experiment 1. The only change from
Experiment 1 was that participants were asked to first simulate a scenario in which a bad
outcome to the problem took place for only 1 minute (whereas they did so for 2 minutes in
Experiment 1).

Ratings and Questionnaires: All participants were asked to answer the same ratings (i.e.,
anxiety, likelihood of good or bad outcome, difficulty to cope with a bad outcome) and
questionnaires (i.e., COPE Inventory) that were administered in Experiment 1, with the
addition of the PANAS questionnaire after all three sessions. Changes in responses to these
ratings and questionnaires between session 1 and sessions 2 and 3 indicated shifts in
subjective well-being towards the worrisome events after the induction manipulation.

Coding—The same three raters from Experiment 1 scored participant responses for
Experiment 2 (i.e., inter-rater reliability coefficients for steps and details were high and the
same in both experiments, all Cronbach's as = .926). Rater 1 scored 38.5% of participant
responses, rater 2 scored 23% of participant responses, and rater 3 scored 38.5% of
participant responses.

We tested our hypotheses by conducting a series of repeated-measures ANOVAs, which
involved within-subjects factors of Induction (control vs. specificity), Task (MEPS vs.
episodic reappraisal), Detail type (internal vs. external), Step type (relevant vs. other), and
Time of Simulation (pre- vs. post-simulation). Below, we focus on the interactions to assess
the effect of the inductions on each variable of interest. The counterbalanced order of
induction and task did not have a significant effect on the following analyses.

Event exclusion—A total of 1.4% of event trials were excluded from the experiment
(1.9% of reappraisal trials, 0.9% of MEPS trials) because the participant was unwilling or
unable to perform the task, or because the participant actually experienced the event
between session 1 and sessions 2 or 3.

Induction Effects on Steps and Details—Participants spent slightly longer discussing
the video in the specificity induction (M = 4.16 min, SD = 1.26) than in the control induction
(M =3.50 min, SD = .81), t(25) = -6.18, p < .001, 95% CI = [-.89, —.44],d = 1.23.
However, including the difference score for time as a covariate in the following repeated-
measures ANOVAs did not significantly affect any results. See Supplemental Table 6 for
mean steps and details.

In the MEPS task, we first conducted a 2 (Induction: control vs. specificity) x 2 (Step type:
relevant vs. other) repeated-measures ANOVA. Critically, we found a significant interaction
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of Induction (control vs. specificity) x Step Type (relevant vs. other), F(1,25) = 39.60, p<.
001, npz =.61. Post hoc t-tests showed that participants generated significantly more
relevant steps, t(25) = —6.02 , p <.001, 95% CI = [-4.83, -2.37], d = 1.18, and significantly
fewer other steps, t(25) = 4.25, p <.001, 95% CI =[.53, 1.53], d = 0.83, in the specificity
condition compared to the control condition (Relevant steps: Mifference = 3.60, SE = .59;
Other steps: Mifference = —1.03, SE = .24). Next, we conducted another 2 (Induction: control
vs. specificity) x 2 (Detail type: internal vs. external) repeated-measures ANOVA, where we
also found a significant interaction of Induction x Detail Type (internal vs. external),
F(1,25) = 24.29, p<.001, npz = .49. Participants generated significantly more internal
details, t(25) = —4.49, p < .001, 95% CI = [-14.12, -5.24], d = 0.88, and significantly fewer
external details, t(25) = 2.87, p < .01, 95% CI = [1.57, 9.53], d = 0.56, in the specificity
condition compared to the control condition (Internal detail: Mgitference = 9.68, SE = 2.16;
External detail: Mgjference = —5.55, SE = 1.93). The number of relevant steps and internal
details generated by participants were highly correlated, r(24) = .87, p <.001, 95% CI =[.
73, .94]. Thus, the specificity induction effectively boosted the number of relevant steps
(Figure 6A) and the internal details (Figure 6B) that participants generated in the MEPS
task, replicating and extending the effects of Experiment 1.

In the episodic reappraisal task, we conducted another 2 (Induction: control vs. specificity) x
2 (Detail type: internal vs. external) repeated-measures ANOVA. Once again, there was a
significant interaction of Induction x Detail Type, F(1,25) = 25.08, p < .001, np2 =.50.
Participants generated significantly more internal details, t(25) = —-4.69, p <.001, 95% CI =
[-12.34, —-4.81], d = 0.92, and fewer external details, t(25) = 2.44, p < .05, 95% CI = [.36,
4.22], d = 0.48, in the specificity condition relative to the control condition (Internal:
Muifference = 8.57, SE = 1.83; External: Mgjifference = —2.29, SE = .94). As in Experiment 1,
the specificity induction boosted the number of internal details that participants generated in
the episodic reappraisal task (Figure 6C).

Induction Effects on Ratings of Subjective Well-being—Next, we contrasted pre-
simulation and post-simulation ratings of anxiety, perceived likelihood of a good or bad
outcome, and perceived difficulty to cope with a bad outcome between the control and
specificity conditions to assess effects of the specificity induction on changes in subjective
well-being towards the imagined events. Unlike Experiment 1, there were no significant
differences in baseline ratings for any of the variables. Although most overall changes from
pre- to post-simulation ratings were significant (see Supplemental Table 7 for mean ratings
in MEPS task and Supplemental Table 8 for mean ratings in episodic reappraisal task),
because it is not clear how to interpret these changes, as in Experiment 1 we focus on the
contrast between rating changes in the control and specificity conditions through a series of
2 (Induction: control vs. specificity) x 2 (Time of Simulation: pre- vs. post-simulation)
repeated-measures ANOVAs. In the following analyses we tested for both main effects and
interactions, and focus on reporting the interactions to address the impact of induction on
each of the variables. Correlations examining the relationship between the change in internal
detail and the change in ratings between the specificity and control conditions are reported
in Supplemental Table 9. Trait anxiety was not significantly related to any changes in ratings
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concerning the imagined events in the observed sample of participants (see Supplemental
Table 10).

Changein Anxiety: For perceived anxiety concerning the imagined events, the Task
(MEPS vs. reappraisal) x Induction x Time of Simulation interaction was not significant,
F(1,25) =.70, p= .41, npz =.03. Below, we separate the analyses by task due to the
difference in the nature of the tasks, but note that the results are the same when collapsed
across tasks.

In the MEPS task, we found a significant interaction of Induction x Time of Simulation (Pre
vs. Post), F(1,25) = 6.36, p < .05, npz =.20. There was a significant decrease in ratings of
anxiety for the imagined events from pre- to post-simulation in both the control and
specificity conditions, but importantly, we observed a larger decrease in anxiety ratings in
the specificity condition than in the control condition, t(25) = 2.52, p < .05, 95% CI =[.07, .
72], d =0.49 (Figure 7A). In the episodic reappraisal task, there also was a significant
interaction of Induction x Time of Simulation, F(1,25) = 9.50, p< .01, npz =.28. There was
a significant decrease in anxiety ratings for the imagined events in both the control and
specificity conditions, but we observed a larger decrease in anxiety ratings in the specificity
condition than in the control condition, t(25) = 3.08, p < .01, 95% CI =[.21, 1.06], d = 0.60
(Figure 8A).

Changein Perceived L ikelihood of a Bad Outcome: For perceived likelihood of a bad
outcome to the imagined events, the Task x Induction x Time of Simulation interaction was
not significant, F(1,25) = 2.50, p = .13, np2 =.09. Once again, we separate the following
analyses by task due to the difference in the nature of the tasks.

In the MEPS task, we found a trending interaction of Induction x Time of Simulation,
F(1,25) = 3.91, p=.059, npz =.14. There was a significant decrease in ratings of perceived
likelihood of a bad outcome for the imagined events in both the control condition and the
specificity conditions, but there was a larger decrease in ratings of perceived likelihood of a
bad outcome in the specificity condition than in the control condition that showed only
trending significance, t(25) = 1.98, p = .059, 95% CI = [-.01, .69], d = 0.39 (Figure 7B). In
the episodic reappraisal task, we found a significant interaction of Induction x Time of
Simulation, F(1,25) = 17.68, p < .001, npz = .41. There was also a significant decrease in
ratings of perceived likelihood of a bad outcome for the imagined events in both the control
and the specificity conditions, but once again there was a larger decrease in ratings of
perceived likelihood of a bad outcome in the specificity condition than in the control
condition, t(25) = 4.21, p<.001, 95% CI =[.33, .98], d = 0.82 (Figure 8B).

Changein Perceived L ikelihood of a Good Outcome: For perceived likelihood of a good
outcome to the imagined events, there was a significant interaction of Task x Induction x
Time of Simulation interaction, F(1,25) = 8.52, p < .01, npz =.25.

In the MEPS task, we found a significant interaction of Induction x Time of Simulation,
F(1,25) = 7.53, p < .05, npz =.23. There was a significant increase in ratings of perceived
likelihood of a good outcome for the imagined events in both the control and specificity
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conditions, but there was a larger increase in ratings of perceived likelihood of a good
outcome in the specificity condition than in the control condition, t(25) = -2.75, p < .05,
95% CI =[-.60, —.09], d = 0.54 (Figure 7C). There were not significant changes in ratings
of perceived likelihood of a good outcome in the episodic reappraisal task.

Changein Perceived Difficulty to Cope with Bad Outcome: For perceived difficulty to

cope with a bad outcome to the imagined events, we found a significant interaction of Task
x Induction x Time of Simulation, F(1,25) = 15.46, p = .001, np2 =.38.

In the episodic reappraisal task, there was a significant interaction of Induction x Time of
Simulation, F(1,25) = 20.97, p < .001, an = .46. We observed a significant decrease in
ratings of perceived difficulty to cope with a bad outcome for the imagined events in both
the control and specificity conditions, but there was a larger decrease in ratings of perceived
difficulty to cope with a bad outcome in the specificity condition than in the control
condition, t(25) = 4.58, p <.001, 95% CI = [.32, .85], d = 0.90 (Figure 8C). For the MEPS
task, the Induction x Time of Simulation interaction was not significant, F(1,25) = 1.85, p
=.19, ny? = .07.

Consistent with the results of Experiment 1, these results suggest that greater detail of
simulation via the specificity induction is related to 1) a larger reduction in anxiety towards
the imagined events in both tasks, 2) a larger reduction in the perceived likelihood of a bad
outcome for the imagined events for both tasks, 3) a larger increase in the perceived
likelihood of a good outcome for the imagined events in only the MEPS task, and 4) a larger
reduction in the perceived difficulty to cope with a bad outcome for the imagined events in
only the episodic reappraisal task, relative to the control induction (see Supplemental Table
9 for correlations).

PANAS and COPE Inventory Questionnaires. The PANAS and COPE Inventory
questionnaires were administered at the end of all three sessions.

In examining the composite score for positive affect from the PANAS questionnaire, we
found a significant increase in positive affect from the initial session to the specificity
condition session [Mchange = 4.23, SE = 1.65, 1(25) = -2.56, p < .05, 95% CI = [-7.64, —.
82], d = 0.50], but not in the control condition session [Mchange = 1.19, SE = 1.54, t(25) = -
78, p = .45, 95% CI = [-4.35, 1.97], d = 0.15]. While there was a slightly larger increase in
positive affect in the specificity condition than in the control condition, the change scores
from the initial session to the control and specificity conditions showed only trending
significance, t(25) = -1.89, p = .071, 95% = [-6.36, .28], d = 0.37 (Figure 9A).

There was a significant decrease in the composite score for negative affect from the initial
session to both the control condition session [Mchange = =2.73, SE = 1.05, t(25) = 2.60, p<..
05, 95% CI = [.57, 4.89], d = 0.51] and specificity condition session [Mchange = —5.46, SE
=.95,1(25) =5.77, p<.001, 95% CI =[3.51, 7.41], d = 1.13]. Overall, there was a larger
decrease in negative affect in the specificity condition than in the control condition, t(25) =
2.55, p<.05, 95% CI =[.52, 4.94], d = 0.50 (Figure 9B).
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For the engagement coping composite score from the COPE Inventory, there was a
significant increase in the indicated use of engagement coping behaviors from the initial
session to the specificity condition session [Mchange = 3.08, SE = 1.09, t(25) = -2.83, p<.
01, 95% CI = [-5.32, -.84], d = 0.55], but not in the control condition session [Mchange = -
04, SE=1.11, t(25) = -.04, p = .97, 95% CI = [-2.32, 2.24], d < 0.01]. There was a
significantly larger increase in the indicated use of engagement coping behaviors in the
specificity condition compared to the control condition, t(25) = -2.71, p < .05, 95% CI =
[-5.35, -.73], d = 0.53 (Figure 10). There was no significant difference in indicated use of
disengagement coping behaviors from the initial session to the control [Mchange = .23, SE =
66, t(25) = .35, p=.73, 95% CI = [-1.59, 1.13], d = 0.07] or specificity sessions [Mchange
=-58, SE=.72,1(25) = .8, p=.43, 95% CI = [-.91, 2.06], d = 0.16].

Experiment 2 Discussion

The results of Experiment 2 extend the results of Experiment 1 using a tighter control
condition (i.e., impressions control induction) and matching initial subjective well-being
ratings. The episodic specificity induction increased the number of relevant steps and
internal details that participants generated during the MEPS task and also increased the
number of internal details generated during an episodic reappraisal task. Critically, in the
specificity condition relative to the control condition, we observed larger decreases in
anxiety towards the worrisome events in both tasks, larger decreases in the perceived
likelihood of a bad outcome in both tasks, larger increases in the perceived likelihood of a
good outcome in only the MEPS task, and larger decreases in the perceived difficulty to
cope with a bad outcome in only the reappraisal task. There was also a trending increase in
overall positive affect, a larger decrease in negative affect, and a larger increase in indicated
post-experimental use of engagement coping behaviors concerning the imagined events in
the specificity condition relative to the control condition. These results confirm that the
observed changes in ratings between the control and specificity conditions are not merely
consequences of baseline differences in ratings. Similar to the results in Experiment 1, these
data suggest that episodic detail of simulation may be positively related to improved
subjective well-being across a number of different measures.

General Discussion

Overall, the data from both experiments support the hypothesis that increasing the level of
episodic detail when imagining constructive behaviors regarding worrisome events is related
to improved psychological well-being towards those events. We note three key findings to
emerge from the two experiments reported here. First, using an episodic specificity
induction that selectively targets episodic processes increased both the number of relevant
steps and internal details that participants generated during a means-end problem-solving
(MEPS) task involving real, personalized problems, thus replicating and extending previous
results by Madore and Schacter (2014). Second, we demonstrated for the first time that the
specificity induction boosts the internal details generated in an episodic reappraisal task.
Traditional cognitive reappraisal tasks are used to down-regulate negative emotional
responses to an affective stimulus, and task instructions are primarily semantic in nature, in
the sense that they draw attention to factual information about the stimulus that detracts
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from the more arousing emotional information (e.g., Goldin et al., 2008, 2009). In the
present study, we created a paradigm that required participants to imagine a specific,
concrete event where they are actively engaging in reappraisal of a negative future outcome,
presumably making the task more episodic in nature (episodic reappraisal). Given that the
specificity induction selectively boosted internal details in this episodic reappraisal task, this
finding suggests that the modified paradigm indeed engages episodic memory processes.

Third, we provide novel evidence that increasing the specificity of simulated constructive
behaviors for worrisome future events via the specificity induction can be positively related
to psychological well-being towards those events. Although previous experiments have
demonstrated that increasing the specificity of autobiographical memory can be linked to
improvements in depressive and PTSD symptoms for distressing past events (Moradi et al.,
2014; Neshat-Doost et al., 2012; Raes et al., 2009), existing literature on the impact of future
simulation on subjective well-being has thus far relied on correlational evidence. For
example, Brown et al. (2002) demonstrated that quality of future event simulation (e.g.,
temporal ordering, logic of sequential steps generated) is correlated with improved well-
being; however, the authors did not document or even investigate the importance of episodic
detail. Other studies have explicitly manipulated the level of specificity of future event
simulation (Williams et al., 1996), but have not directly linked changes in specificity to
measures of psychological well-being. In the present studies, we directly manipulated
episodic detail by using the specificity induction and subsequently assessed changes in
subjective well-being based on this selective increase in episodic detail. Notably, we found
that an increase in relevant steps and internal details produced by the specificity induction is
related to larger decreases in anxiety towards the worrisome events in both tasks, larger
decreases in the perceived likelihood of a bad outcome in both tasks, larger increases in the
perceived likelihood of a good outcome in only the MEPS task, and larger decreases in the
perceived difficulty to cope with a bad outcome in only the episodic reappraisal task. We
also report a trending increase in overall positive affect and a significant reduction in
negative affect, as well as an increase in the indicated use of engagement coping behaviors
concerning the imagined events at a later time point in the specificity condition relative to
the control condition. Thus, experimentally increasing episodic specificity of imagining
constructive behaviors regarding worrisome future events may be related to improved
subjective well-being towards the imagined events on a number of different measures.

How might an increase in episodic detail produced by the specificity induction relate to
improvements in subjective well-being towards imagined worrisome future events? First, the
specificity induction prompts individuals to retrieve episodic details related to people,
objects, places, and actions, which leads them to focus on describing similar types of details
when they later create mental events during the MEPS and episodic reappraisal tasks. We
have argued previously (Schacter & Madore, in press) that creating coherent mental events
in part involves the construction of internal scenes (Hassabis & Maguire, 2007), and that the
specificity induction increases the details associated with elements of a scene such as the
people, setting, and objects, as well as the relation of these elements to one another within a
mental scene (see Schacter & Madore, in press, for further theoretical elaboration). Worry,
as it is manifest in disorders such as GAD, is thought to be a primarily verbal and abstract
process that reduces the concreteness of the visual imagery associated with simulations of a

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jing et al.

Page 22

worrisome event and can minimize physiological response to a stressful trigger (Borkovec et
al., 1998). By this logic, worry likely results in reduced concreteness of a mentally
constructed event or scene. If the verbal, conceptual nature of worry serves to avoid the
arousing emotional processing that comes with detailed visual imagery of an aversive event
at the expense of generating concrete steps to resolve the worry (Borkovec et al., 1998),
increasing the specificity of constructive mental simulations regarding these worrisome
events might counter this effect by making the event more concrete and tangible.

Researchers have proposed that mental simulations possess a number of intrinsic properties
that benefit emotion regulation (Taylor et al., 1998; Taylor & Schneider, 1989), and we
argue that increasing episodic detail of simulation may augment multiple, and possibly all,
steps in this process. First, mental simulation can make events “seem real or true” (Taylor &
Schneider, 1989). That is, simulating a hypothetical event can make the scenario seem more
realistic and concrete by providing more information about how the event might take place,
and thus can enhance the subjective likelihood that the event will actually occur (Anderson,
1983; Carroll, 1978; Gregory, Cialdini, & Carpenter, 1982; Szpunar & Schacter, 2013).
Increasing episodic detail of simulation via a specificity induction, relative to baseline levels
of detail, can thus provide even more information about how the event might unfold, further
contributing to an increase in plausibility that the event will take place. In support of this
idea, we show that in the MEPS task, simulating more relevant steps (and internal, episodic
details associated with those steps) to reach a positive outcome increased the perceived
likelihood that the positive outcome would take place. Furthermore, increased episodic
detail while simulating positive, constructive tasks (i.e., generating steps to solve a problem
and reappraising a bad outcome into something less negative) decreased the perceived
likelihood that a bad outcome would take place. Thus, manipulating the plausibility of an
event may be one avenue through which episodic detail might affect subjective well-being.

Second, enhancing the likelihood of an event might pave the road for taking action. Taylor
et al. (1998) proposed that simulations consist of a sequence of actions that tend to be
causally linked, and this organization of action can help to yield a concrete plan. The
concreteness of simulation can provide important information about the event that
contributes to a more realistic representation of the constraints and requirements of the event
or task (Hayes-Roth & Hayes-Roth, 1979; for review, see Taylor et al., 1998). In the present
studies, generating more episodic detail while trying to reach a good outcome or reframing a
bad outcome may have led participants to formulate more detailed sequences of action that
produced a more concrete plan. It is also likely that individuals were able to gain access to
relevant, more realistic features of an imagined scenario or plan that may not have been as
negative as initially thought. Related to this point, our data showed that participants reported
a larger decrease in the perceived difficulty to cope with a bad outcome after imagining
themselves coping with a bad outcome in more episodic detail. The reported decrease in the
perceived likelihood of a bad outcome may also speak to this point, such that participants
might have accessed critical details about why a bad outcome was unlikely to occur after
generating a more detailed plan to reach a positive outcome or after reframing a negative
outcome. Thus, increasing the organization of action and the access to realistic details about
constructive behaviors concerning a worrisome event may be another way in which episodic
detail can improve subjective well-being.
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Given that simulations can increase the subjective likelihood that an event might take place,
that they contain an implicit organizational structure that can yield a plan, and that they
facilitate access to more realistic representations of the event, mental simulations may thus
provide links between thought and action, making it more likely for individuals to execute
the plan at hand (Taylor et al., 1998; Taylor & Schneider, 1989). Indeed, we report
suggestive evidence that there was a larger increase in the indicated post-experimental use of
engagement coping strategies in the COPE Inventory questionnaire (e.g., positive
reinterpretation and growth, use of instrumental and emotional social support, active coping,
planning; Carver et al., 1989) towards the imagined events in the specificity condition
relative to the control condition. While these data only speak to an increase in the intention
of action and not the execution of action directly, we believe that the demonstrated effects of
episodic detail on self-reported psychological well-being take us a step closer to linking
simulation and action. Overall, using an episodic specificity induction to increase episodic
detail of mental simulation might serve as an upstream intervention that can augment all of
these links, thus leading to positive downstream consequences such as a reduction in anxiety
concerning a worrisome event and improving psychological well-being as a whole.

This research may have implications for clinical populations, and particularly for patients
with anxiety disorders. It has often been shown that clinically anxious individuals report
inflated subjective probabilities and greater anticipation that negative events will occur
(Barlow, 2000; Butler & Mathews, 1983; MacLeod & Byrne, 1996; MacLeod, Tata,
Kentish, Carroll, & Hunter, 1997), as well as increased vividness for negative events
(Morina, Deeprose, Pusowski, Schmid, & Holmes, 2011; Stdber, 2000). These findings have
been interpreted in the context of the simulation heuristic (Kahneman & Tversky, 1982), in
that anxious individuals tend to have increased access to reasons for why negative events
might occur, and reduced access to reasons for why they might not occur (Byrne &
MacLeod, 1997; MacLeod, Williams, & Bekerian, 1991). However, Raune, MacLeod, and
Holmes (2005) reported that simulating reasons against why a negative event might happen
lowered subjective probability estimates of the likelihood that a given negative event would
take place. Along with our findings that the specificity induction results in simulating
constructive behaviors in more episodic detail and increased likelihood estimates of a good
outcome and decreased likelihood estimates that a bad outcome will take place, these results
highlight the importance of positive and constructive mental future simulations for emotion
regulation and psychological well-being.

It is also important to note that subjective well-being towards worrisome events may be
modulated by other important aspects of the events. For example, in generating concrete
plans and goals, qualitative features of implementation (e.g., ease, perceived likelihood of
success) may also modulate subjective well-being (for review, see Eccles & Wigfield,
2002). That is, generating steps that are more easily achievable and attainable may
contribute more to subjective well-being than generating steps that are more difficult to
achieve. Furthermore, personal significance and importance of a goal or worrisome event
might also influence how beneficial simulation might be for a given event (Eccles &
Wigfield, 2002; Emmons, 1986), such that a richer mental simulation of a worrisome event
that holds more importance and weight might lead to larger gains in subjective-well being
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than simulation of a worrisome event of less importance. Thus, it is not only the quantity of
rich, concrete details that individuals generate in mental simulations of constructive
behaviors regarding worrisome future events that is important for psychological well-being;
there are also other facets of worrisome events that can influence an individual's subjective
well-being towards the event. Although the present data cannot speak to this issue, we
believe that further research is necessary to clarify how these different factors might
influence psychological well-being and emotion regulation in relation to worrisome future
events.

In summary, the results of our experiments extend the range of tasks on which a specificity
induction selectively boosts episodic detail to means-end problem solving and episodic
reappraisal of personally worrisome future events, and demonstrate that increased episodic
detail of simulation can be positively related to improved subjective well-being across a
number of different measures. While further research is needed to explore the exact
mechanism behind how episodic detail might influence downstream factors such as
plausibility, motivation, and taking action, this line of work could have important
implications for understanding the regulation of future-oriented emotion in both healthy and
clinical populations.
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Acknowledgements

This research was supported by National Institute of Mental Health grant MH060941 and National Institute on
Aging grant AG08441 to DLS. We thank Stella Tu, Gita Bhattacharya and Reid Grinspoon for assistance with
various aspects of the experiments. We also thank Karl Szpunar for helpful discussion associated with the
experiments.

References

Addis DR, Sacchetti DC, Ally BA, Budson AE, Schacter DL. Episodic simulation of future events is
impaired in mild Alzheimer's disease. Neuropsychologia. 2009; 47:2660-2671. DOI: 10.1016/
j.neuropsychologia.2009.05.018. [PubMed: 19497331]

Addis DR, Wong AT, Schacter DL. Age-related changes in the episodic simulation of future events.
Psychological Science. 2008; 19:33-41. DOI:10.1111/j.1467-9280.2008.02043.x. [PubMed:
18181789]

Anderson CA. Imagination and expectation: The effect of imagining behavioral scripts on personal
intentions. Journal of Personality and Social Psychology. 1983; 45:293-305. DOI:
10.1037/0022-3514.45.2.293.

Arntz A, Tiesema M, Kindt M. Treatment of PTSD: A comparison of imaginal exposure with and
without imagery rescripting. Journal of Behavior Therapy and Experimental Psychiatry. 2007;
38:345-370. DOI: 10.1016/j.jbtep.2007.10.006. [PubMed: 18005935]

Barlow DH. Unraveling the mysteries of anxiety and its disorders from the perspective of emotion
theory. American Psychologist. 2000; 55:1247-1263. DOI: 10.1037/0003-066X.55.11.1247.
[PubMed: 11280938]

Borkovec TD, Ray WJ, Stober J. Worry: A cognitive phenomenon intimately linked to affective,
physiological, and interpersonal behavioral processes. Cognitive Therapy and Research. 1998;
22:561-576. DOI: 10.1023/A:1018790003416.

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jing et al.

Page 25

Brown AD, Addis DR, Romano TA, Marmar CR, Bryant RA, Hirst W, Schacter DL. Episodic and
semantic components of autobiographical memories and imagined future events in post-traumatic
stress disorder. Memory. 2014; 22:595-604. DOI: 10.1080/09658211.2013.807842. [PubMed:
24712772]

Brown GP, MacLeod AK, Tata P, Goddard L. Worry and the simulation of future outcomes. Anxiety,
Stress and Coping. 2002; 15:1-17. DOI: 10.1080/10615800290007254.

Butler G, Mathews A. Cognitive processes in anxiety. Advances in Behaviour Research and Therapy.
1983; 5:51-62. DOI: 10.1016/0146-6402(83)90015-2.

Byrne A, MacLeod AK. Attributions and accessibility of explanations for future events in anxiety and
depression. British Journal of Clinical Psychology. 1997; 36:505-520. DOI: 10.1111/j.
2044-8260.1997.tb01257.x. [PubMed: 9403143]

Carroll JS. The effect of imagining an event on expectations for the event: An interpretation in terms
of the availability heuristic. Journal of Experimental and Social Psychology. 1978; 14:88-96. DOI:
10.1016/0022-1031(78)90062-8.

Carver CS, Scheier MF, Weintraub JK. Assessing coping strategies: a theoretically based approach.
Journal of Personality and Social Psychology. 1989; 56:267-283. DOI:
10.1037/0022-3514.56.2.267. [PubMed: 2926629]

D'Argembeau A, Raffard S, Van der Linden M. Remembering the past and imagining the future in
schizophrenia. Journal of Abnormal Psychology. 2008; 117:247-251. DOI: 10.1037/0021-843X.
117.1.247. [PubMed: 18266503]

Dickson JM, MacLeod AK. Approach and avoidance goals and plans: Their relationship to anxiety and
depression. Cognitive Therapy and Research. 2004; 28:415-432. DOI: 10.1023/B:COTR.
0000031809.20488.ee.

Eccles JS, Wigfield A. Motivational beliefs, values, and goals. Annual Review of Psychology. 2002;
53:109-132. DOI: 10.1146/annurev.psych.53.100901.135153.

Emmons RA. Personal strivings: An approach to personality and subjective well-being. Journal of
Personality and Social Psychology. 1986; 51:1058-1068. DOI: 10.1037/0022-3514.51.5.1058.

Fisher, RP.; Geiselman, RE. Memory-enhancing techniques for investigative interviewing: The
cognitive interview. Charles C. Thomas Books; Springfield, IL: 1992.

Gilbert DT, Wilson TD. Prospection: Experiencing the future. Science. 2007; 317:1351-1354. DOI:
10.1126/science.1144161. [PubMed: 17823345]

Goddard L, Dritschel B, Burton A. Role of autobiographical memory in social problem solving and
depression. Journal of Abnormal Psychology. 1996; 105:609-616. DOI:10.1037/0021-843X.
105.4.609. [PubMed: 8952194]

Goldin PR, Manber-Ball T, Werner K, Heimberg R, Gross JJ. Neural mechanisms of cognitive
reappraisal of negative self-beliefs in social anxiety disorder. Biological Psychiatry. 2009;
66:1091-1099. DOI: 10.1016/j.biopsych.2009.07.014. [PubMed: 19717138]

Goldin PR, McRae K, Ramel W, Gross JJ. The neural bases of emotion regulation: Reappraisal and
suppression of negative emotion. Biological Psychiatry. 2008; 63:577-586. DOI: 10.1016/
j.biopsych.2007.05.031. [PubMed: 17888411]

Gregory WL, Cialdini RB, Carpenter KM. Self-relevant scenarios as mediators of likelihood estimates
and compliance: Does imagining make it so? Journal of Personality and Social Psychology. 1982;
43:89-99. DOI: 10.1037/0022-3514.43.1.89.

Gross JJ. Antecedent- and response-focused emotion regulation: Divergent consequences for
experience, expression, and physiology. Journal of Personality and Social Psychology. 1998;
74:224-237. DOI: 10.1037/0022-3514.74.1.224. [PubMed: 9457784]

Hassabis D, Maguire EA. Deconstructing episodic memory with construction. Trends in Cognitive
Sciences. 2007; 11:299-306. DOI:10.1016/j.tics.2007.05.001. [PubMed: 17548229]

Hayes-Roth B, Hayes-Roth F. A cognitive model of planning. Cognitive Science. 1979; 3:275-310.
DOI: 10.1016/S0364-0213(79)80010-5.

Hofmann SG, Heering S, Sawyer AT, Ashaani A. How to handle anxiety: The effects of reappraisal,
acceptance, and suppression strategies on anxious arousal. Behaviour Research and Therapy.
2009; 47:389-394. DOI: 10.1016/j.brat.2009.02.010. [PubMed: 19281966]

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jing et al.

Page 26

Ingvar DH. Hyperfrontal distribution of the cerebral grey matter flow in resting wakefulness: On the
functional anatomy of the conscious state. Acta Neurologica Scandinavica. 1979; 60:12-25. DOI:
10.1111/j.1600-0404.1979.th02947 x. [PubMed: 495039]

Kahneman, D.; Tversky, A. The simulation heuristic.. In: Kahneman, D.; Slovic, P.; Tversky, A,
editors. Judgment under uncertainty: Heuristics and biases. Cambridge University Press;
Cambridge: 1982. p. 201-208.

Levine B, Svoboda E, Hay JF, Winocur G, Moscovitch M. Aging and autobiographical memory:
Dissociating episodic from semantic retrieval. Psychology and Aging. 2002; 17:677-689. DOI:
10.1037/0882-7974.17.4.677. [PubMed: 12507363]

MacLeod AK, Byrne A. Anxiety, depression, and the anticipation of future positive and negative
experiences. Journal of Abnormal Psychology. 1996; 105:286-289. DOI: 10.1037/0021-843Xx.
105.2.286. [PubMed: 8723011]

MacLeod AK, Conway C. Well-being and positive future thinking for the self versus others. Cognition
and Emotion. 2007; 21:1114-1124. DOI: 10.1080/02699930601109507.

MacLeod AK, Tata P, Kentish J, Carroll F, Hunter E. Anxiety, depression, and explanation-based
pessimism for future positive and negative events. Clinical Psychology & Psychotherapy. 1997;
4:15-24. DOI: 10.1002/(SICI1)1099-0879(199703)4:1<15::AID-CPP112>3.0.CO;2-#.

MacLeod AK, Williams JMG, Bekerian DA. Worry is reasonable: The role of explanations in
pessimism about future personal events. Journal of Abnormal Psychology. 1991; 100:478-486.
DOI: 10.1037/0021-843X.100.4.478. [PubMed: 1757661]

Madore KP, Addis DR, Schacter DL. Creativity and memory: Effects of an episodic specificity
induction on divergent thinking. Psychological Science. 2015; 26:1461-1468. DOI:
10.1177/0956797615591863. [PubMed: 26205963]

Madore KP, Gaesser B, Schacter DL. Constructive episodic simulation: Dissociable effects of a
specificity induction on remembering, imagining, and describing in young and older adults.
Journal of Experimental Psychology: Learning, Memory, and Cognition. 2014; 40:609-622. DOI:
10.1037/a0034885.

Madore KP, Schacter DL. An episodic specificity induction enhances means-end problem solving in
young and older adults. Psychology and Aging. 2014; 29:913-924. DOI:10.1037/a00382009.
[PubMed: 25365688]

Madore KP, Schacter DL. Remembering the past and imagining the future: Selective effects of an
episodic specificity induction on detail generation. The Quarterly Journal of Experimental
Psychology. 2015 Advance online publication. DOI: 10.1080/17470218.2014.999097.

Memon A, Meissner CA, Fraser J. The cognitive interview: A meta-analytic review and study space
analysis of the past 25 years. Psychology, Public Policy, and Law. 2010; 16:340-372. DOI:
10.1037/a0020518.

McNally RJ, Lasko NB, Macklin ML, Pitman RK. Autobiographical memory disturbance in combat-
related posttraumatic stress disorder. Behaviour Research and Therapy. 1995; 33:619-630. DOI:
10.1016/0005-7967(95)00007-K. [PubMed: 7654154]

McNally RJ, Litz BT, Prassas A, Shin LM, Weathers FW. Emotional priming of autobiographical
memory in posttraumatic stress disorder. Cognition and Emotion. 1994; 8:351-367. DOI:
10.1080/02699939408408946.

Moradi AR, Moshirpanahi S, Parhon H, Mirzaei J, Dalgleish T, Jobson L. A pilot randomized
controlled trial investigating the efficacy of memory specificity training in improving symptoms of
posttraumatic stress disorder. Behaviour Research and Therapy. 2014; 56:68-74. DOI: 10.1016/
j.brat.2014.03.002. [PubMed: 24705337]

Morina N, Deeprose C, Pusowski C, Schmid M, Holmes EA. Prospective mental imagery in patients
with major depressive disorder or anxiety disorders. Journal of Anxiety Disorders. 2011; 25:1032—
1037. DOI: 10.1016/j.janxdis.2011.06.012. [PubMed: 21783339]

Neshat-Doost HT, Dalgleish T, Yule W, Kalantari M, Ahmadi SJ, Dyregrov A, Jobson L. Enhancing
autobiographical memory specificity through cognitive training: An intervention for depression
translated from basic science. Clinical Psychological Science. 2012; 1:84-92. DOI:
10.1177/2167702612454613.

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jing et al.

Page 27

Pham LB, Taylor SE. From thought to action: Effects of process- versus outcome-based mental
simulations on performance. Personality and Social Psychology Bulletin. 1999; 25:250-260. DOI:
10.1177/0146167299025002010.

Platt, J.; Spivack, G. Manual for the means-end problem solving test (MEPS): A measure of
interpersonal problem-solving skill. Hahnemann Medical College and Hospital; Philadelphia:
1975.

Race E, Keane MM, Verfaellie M. Medial temporal lobe damage causes deficits in episodic memory
and episodic future thinking not attributable to deficits in narrative construction. Journal of
Neuroscience. 2011; 31:10262-10269. DOI: 10.1523/JNEUROSCI.1145-11.2011. [PubMed:
21753003]

Raes F, Hermans D, Williams JMG, Demyttenaere K, Sabbe B, Pieters G, Eelen P. Reduced
specificity of autobiographical memory: A mediator between rumination and ineffective social
problem-solving in major depression? Journal of Affective Disorders. 2005; 87:331-335. DOI:
10.1016/j.jad.2005.05.004. [PubMed: 15979154]

Raes F, Williams JMG, Hermans D. Reducing cognitive vulnerability to depression: A preliminary
investigation of MEmory Specificity Training (MEST) in inpatients with depressive
symptomatology. Journal of Behavior Therapy and Experimental Psychiatry. 2009; 40:24-38.
DOI:10.1016/j.jbtep.2008.03.001. [PubMed: 18407245]

Raune D, MacLeod A, Holmes EA. The simulation heuristic and visual imagery in pessimism for
future negative events in anxiety. Clinical Psychology and Psychotherapy. 2005; 12:313-325.
DOI: 10.1002/cpp.455.

Rivkin ID, Taylor SE. The effects of mental simulation on coping with controllable stressful events.
Personality and Social Psychology Bulletin. 1999; 25:1451-1462. DOI:
10.1177/01461672992510002.

Schacter DL. Adaptive constructive processes and the future of memory. American Psychologist.
2012; 67:603-613. DOI: 10.1037/a0029869. [PubMed: 23163437]

Schacter DL, Addis DR. The cognitive neuroscience of constructive memory: Remembering the past
and imagining the future. Philosophical Transactions of the Royal Society B. 2007; 362:773-786.
DOI: 10.1098/rsth.2007.2087.

Schacter DL, Addis DR, Buckner RL. Episodic simulation of future events: Concepts, data, and
applications. Annals of the New York Academy of Sciences. 2008; 1124:39-60. DOI: 10.1196/
annals.1440.001. [PubMed: 18400923]

Schacter DL, Addis DR, Hassabis D, Martin VVC, Spreng RN, Szpunar KK. The future of memory:
Remembering, imagining, and the brain. Neuron. 2012; 76:677-694. DOI: 10.1016/j.neuron.
2012.11.001. [PubMed: 23177955]

Schacter DL, Madore KP. Remembering the past and imagining the future: Identifying and enhancing
the contribution of episodic memory. Memory Studies. in press.

Seligman MEP, Railton P, Baumeister RF, Sripada C. Navigating into the future or driven by the past.
Perspectives on Psychological Science. 2013; 8:119-141. DOI: 10.1177/1745691612474317.
[PubMed: 26172493]

Sheldon S, McAndrews MP, Moscovitch M. Episodic memory processes mediated by the medial
temporal lobes contribute to open-ended problem solving. Neuropsychologia. 2011; 49:2439-
2447. DOI:10.1016/j.neuropsychologia.2011.04.021. [PubMed: 21550352]

Sheldon S, Vandermorris S, Al-Haj M, Cohen S, Winocur G, Moscovitch M. 1l1- defined problem
solving in amnestic mild cognitive impairment: Linking episodic memory to effective solution
generation. Neuropsychologia. 2015; 68:168-175. DOI:10.1016/j.neuropsychologia.2015.01.005.
[PubMed: 25575452]

Sidley GL, Whitaker K, Calam RM, Wells A. The relationship between problem-solving and
autobiographical memory in parasuicide patients. Behavioural and Cognitive Psychotherapy.
1997; 25:195-202. DOI:10.1017/S1352465800018397.

Spielberger, CD.; Gorsuch, RL.; Lushene, RE. State-Trait Anxiety Inventory. Consulting
Psychologists Press; Palo Alto, CA: 1970.

Stober J. Prospective cognitions in anxiety and depression: Replication and methodological extension.
Cognition and Emotion. 2000; 14:725-729. DOI: 10.1080/02699930050117693.

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jing et al.

Page 28

Suddendorf T, Corballis MC. Mental time travel and the evolution of the human mind. Genetic Social
and General Psychology Monographs. 1997; 123:133-167. DOI: 10.1093/acprof:oso/
9780195395518.003.0121.

Suddendorf T, Corballis MC. The evolution of foresight: What is mental time travel and is it unique to
humans? Behavioral and Brain Sciences. 2007; 30:299-313. DOI: 10.1017/S0140525X07001975.
[PubMed: 17963565]

Sutherland K, Bryant RA. Social problem solving and autobiographical memory in posttraumatic
stress disorder. Behaviour Research and Therapy. 2008; 46:154-161. DOI:10.1016/j.brat.
2007.10.005. [PubMed: 18022601]

Szpunar KK. Episodic future thought: An emerging concept. Perspectives on Psychological Science.
2010; 5:142-162. DOI: 10.1177/1745691610362350. [PubMed: 26162121]

Szpunar KK, Schacter DL. Get real: Effects of repeated simulation and emotion on the perceived
plausibility of future experiences. Journal of Experimental Psychology: General. 2013; 142:323—
327. DOI: 10.1037/a0028877. [PubMed: 22686637]

Szpunar KK, Spreng RN, Schacter DL. A taxonomy of prospection: Introducing an organizational
framework for future-oriented cognition. Proceedings of the National Academy of Sciences USA.
2014; 111:18414-18421. DOI: 10.1073/pnas.1417144111.

Taylor SE, Pham LB, Rivkin ID, Armor DA. Harnessing the imagination: Mental simulation, self-
regulation, and coping. American Psychologist. 1998; 53:429-439. DOI: 10.1037/0003-066X.
53.4.429. [PubMed: 9572006]

Taylor SE, Schneider SK. Coping and the simulation of events. Social Cognition. 1989; 7:174-194.
DOI: 10.1521/s0c0.1989.7.2.174.

Vandermorris S, Sheldon S, Winocur G, Moscovitch M. Differential contributions of executive and
episodic memory functions to problem solving in younger and older adults. Journal of the
International Neuropsychological Society. 2013; 19:1087-1096. DOI: 10.1017/
$1355617713000982. [PubMed: 24044692]

Watson D, Clark LA, Tellegen A. Development and validation of brief measures of positive and
negative affect: The PANAS scales. Journal of Personality and Social Psychology. 1988; 54:1063—
1070. DOI: 10.1037/0022-3514.54.6.1063. [PubMed: 3397865]

Williams JMG. Capture and rumination, functional avoidance, and executive control (CaRFAX):
Three processes that underlie overgeneral memory. Cognition and Emotion. 2006; 20:548-568.
DOI: 10.1080/02699930500450465. [PubMed: 26529222]

Williams JMG, Ellis NC, Tyers C, Healy H, Rose G, MacLeod AK. The specificity of
autobiographical memory and imageability of the future. Memory & Cognition. 1996; 24:116—
125. DOI: 10.3758/BF03197278. [PubMed: 8822164]

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Jing et al. Page 29

SESSION 1

Provide 30

—> Questionnaires
events

1 — 3 days later l

SESSION 2
Watch video, Specificity Tasks ) '
Math filler — S —_ (MEPS, Reappraisal) —> Questionnaires

5 — 7 days later l

SESSION 3
Watch video, Control Tasks . _
— —
Math filler Induction (MEPS, Reappraisal) Questionnaires

Figure 1.
Schema of experimental design. The order of tasks (MEPS, episodic reappraisal) and

inductions (specificity, control) was counterbalanced across participants.
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Figure2.

Experiment 1 mean induction effects on steps and details in control and specificity
conditions: (A) Relevant and other steps in means-end problem solving (MEPS) task; (B)
Internal and external details in MEPS task; and (C) Internal and external details in episodic
reappraisal task. The y-axis represents the mean number of steps or details per trial, and
error bars represent one standard error of the mean.
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Figure 3.

Experiment 1 mean initial and post-simulation ratings in the control and specificity
conditions in the MEPS task of: (A) Anxiety; (B) Perceived likelihood of a bad outcome;
and (C) Perceived likelihood of a good outcome. All ratings were made on a 1 to 9 scale.
The y-axis represents the mean rating per trial, and error bars represent one standard error of
the mean.
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Figure4.

Experiment 1 mean initial and post-simulation ratings in the control and specificity
conditions in the episodic reappraisal task of: (A) Anxiety; (B) Perceived likelihood of a bad
outcome; and (C) Perceived difficulty to cope with a bad outcome. All ratings were made on
a 1to 9 scale. The y-axis represents the mean rating per trial, and error bars represent one
standard error of the mean.

J Exp Psychol Gen. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Jing et al.

65

60

55

50

Composite Score

45

40

Figureb5.

Page 33

Engagement Coping

Initial Control Specificity

Experiment 1 mean engagement coping composite score from COPE Inventory scale items
in the initial session (session 1), control and specificity sessions (sessions 2 and 3). The
minimum composite score is 20 and the maximum composite score is 80. The y-axis
represents the mean total score across questions, and error bars represent one standard error

of the mean.
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Experiment 2 mean induction effects on steps and details in control and specificity
conditions: (A) Relevant and other steps in means-end problem solving (MEPS) task; (B)
Internal and external details in MEPS task; and (C) Internal and external details in episodic
reappraisal task. The y-axis represents the mean number of steps or details per trial, and
error bars represent one standard error of the mean.
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Figure7.

Experiment 2 mean initial and post-simulation ratings in the control and specificity
conditions in the MEPS task of: (A) Anxiety; (B) Perceived likelihood of a bad outcome;
and (C) Perceived likelihood of a good outcome. The y-axis represents the mean rating per
trial, and error bars represent one standard error of the mean.
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Figure8.
Experiment 2 mean initial and post-simulation ratings in the control and specificity

conditions in the episodic reappraisal task of: (A) Anxiety; (B) Perceived likelihood of a bad
outcome; and (C) Perceived difficulty to cope with a bad outcome. The y-axis represents the
mean rating per trial, and error bars represent one standard error of the mean.
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Experiment 2 mean PANAS composite scores for (A) positive affect and (B) negative affect
in the initial session (session 1), control and specificity sessions (sessions 2 and 3). The
minimum composite score is 10 and the maximum composite score is 50 for both positive
and negative affect. The y-axis represents the mean total score across scale items, and error
bars represent one standard error of the mean.
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Engagement Coping

Initial Control Specificity

Experiment 2 mean engagement coping composite score from COPE Inventory scale items
in the initial session (session 1), control and specificity sessions (sessions 2 and 3). The
minimum composite score is 20 and the maximum composite score is 80. The y-axis
represents the mean total score across questions, and error bars represent one standard error

of the mean.
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