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Abstract 

Recent research regarding the imagination, or simulation, of future events has found 

beneficial effects of such imagination on emotion regulation and psychological well-being. 

While individuals often exhibit a bias towards positive future experiences (i.e., optimism bias), it 

may be beneficial to keep a flexible outlook on the future by generating different alternative 

outcomes to expected emotional future events. However, little is currently known about how 

generating alternative outcomes may affect the detail and memory of these future simulations. 

The present study aimed to examine individuals’ abilities to generate alternative better or worse 

outcomes to future events when there existed a prior positive or negative expectation about the 

outcome in question. This ability was assessed by examining (1) how levels of event detail 

differed among various alternative outcomes, and (2) how participants subsequently remembered 

alternative outcome simulations relative to the original events. Overall, there were no differences 

in levels of event detail between the various alternative event types; however, participants 

exhibited superior memory for emotion-congruent events (i.e., events with consistent valence 

between the initial event and alternative outcome) relative to emotion-incongruent events (i.e., 

events with the opposite valence between the initial event and alternative outcome). Additional 

analyses were conducted with respect to perceived valence and plausibility, as well as individual 

differences in optimism and pessimism. Furthermore, we explore some possible mechanisms 

behind the memory errors and propose a follow-up study to probe further into the source 

memory for these errors. 
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Introduction 

Remembering the Past and Imagining the Future 

A growing area of study has shown that there are overlapping processes involved in 

remembering the past and imagining the future, both of which engage the episodic memory 

system (Schacter, Addis, & Buckner, 2007; Schacter et al., 2012; Szpunar, 2010). Specifically, 

recalling past events does not involve rote replay of those events; rather, we remember the past 

by drawing upon elements of past experiences and piecing them together to form a coherent 

whole. The constructive nature of our memory system also allows us to imagine the future in a 

similar manner, by recombining elements of past experiences in novel ways (i.e., constructive 

episodic simulation hypothesis; Schacter & Addis, 2007). This latter type of thinking is called 

future event simulation, which involves imagining novel scenarios that may occur in one’s 

personal future (Szpunar, 2010). 

Observations of patients with memory impairments provided early evidence of this 

relationship between memory of past events and imagination of future events. One of the best-

known cases in the memory impairment literature is that of patient K.C., who suffered from 

amnesia following a head injury. K.C. not only lacked the capacity to remember his past personal 

experiences, but he was also unable to describe what his personal future would be like (Tulving, 

1985; 2002). This inability to imagine future experiences in patient K.C. and other amnesic 

patient reports suggested that there are similar processes involved in remembering the past and 

imagining the future. More recently, parallel deficits in the ability to both remember past events 

and imagine future events have also been demonstrated in work with clinical populations with 

Alzheimer’s disease (Addis, Sacchetti, Ally, Budson, & Schacter, 2009), suicidal depression 

(Williams et al., 1996), and schizophrenia (D’Argembeau, Raffard, & Van der Linden, 2008), as 



      3 

well as populations subject to natural processes such as aging (Addis, Wong, & Schacter, 2008). 

In comparison to healthy populations, these clinical populations show reduced specificity (i.e., 

less specific event detail) in their ability to recall past experiences and generate future events. 

Behavioral studies have additionally shown that past and future event simulations share 

many qualitative features. D’Argembeau and Van der Linden (2004) found similarities across 

how people subjectively “re-experience” past events and “pre-experience” future events. For 

example, positive and more temporally close representations, regardless of past or future 

orientation, contained more sensory and contextual details and induced greater feelings of pre- or 

re-experiencing than did negative and more temporally distant representations (D’Argembeau & 

Van der Linden, 2004). Moreover, findings from neuroimaging studies have demonstrated that 

memory and imagination engage a common core system in the brain, often called the default 

network or core network (for review, see Benoit & Schacter, 2015). This network, which 

includes areas of the medial prefrontal cortex, posterior cingulate cortex, parahippocampal and 

retrospenial cortices, and precuneus, has been shown to be engaged in both recalling past events 

and imagining future events (Addis, Wong, & Schacter, 2007; Szpunar, Watson, & McDermott, 

2007). Altogether, these findings suggest that the episodic memory system can support both our 

memory of past experiences and our imagination of future events.  

Benefits of Future Event Simulation 

Future event simulation may be advantageous in daily life in that it helps individuals to 

anticipate future events, allowing one to mentally “try out” alternative versions of the future 

without engaging in actual behavior (Ingvar, 1979; Schacter, 2012a). Remembering the contents 

of such simulations can be helpful for guiding behavior when encountering a future event in 

which the behavior needs to be executed (Szpunar, 2010). The benefits of future event simulation 



      4 

have been shown across a variety of contexts, including forming and carrying out goal-directed 

plans (Gerlach, Spreng, Gilmore, & Schacter, 2011), problem solving (Taylor, Pham, Rivkin, & 

Armor, 1998), reward valuation (Benoit, Gilbert, & Burgess, 2011), and boosting both our 

prospective memory (i.e., remembering to do something in the future; Chasteen, Park, & 

Schwarz, 2001; Gollwitzer, 1999) and retrospective memory (i.e., remembering what we have 

simulated; Klein, Robertson, & Delton, 2010) (for review, see Schacter, 2012a). 

 In addition, future event simulation can positively influence one’s emotional well-being. 

Existing literature has found that mental simulation of stressful events can lead to more effective 

coping (Taylor et al., 1998), decreased amounts of worrying, and a higher perceived likelihood 

of a good outcome (Brown, MacLeod, Tata, & Goddard, 2002). For example, Brown and 

colleagues (2002) asked women in their first pregnancy who were worried about childbirth to 

imagine a future scenario in which they went into labor and reached the hospital in time, and 

found that women with more coherent simulations rated this desirable outcome as being more 

likely to occur and expressed less subsequent worry about going into labor. In another study, 

Rivkin and Taylor (1999) demonstrated that mentally simulating a stressful personal event 

resulted in more positive affect immediately after simulation and at a delay, formulation of more 

problem-solving activities, and better regulation of emotional responses. Thus, various 

characteristics of mental simulation, including increased perceived plausibility of an event, more 

links to action, and greater control over emotional states, have been proposed as important 

mechanisms for self- and emotion-regulation (Taylor et al., 1998). 

Biases in Emotional Future Thinking 

Despite the benefits of imagining the future for emotional processing, individuals are 

often subject to notable biases that can color their anticipation of future events. Most healthy 
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populations persistently exhibit an optimism bias, in which they overestimate the likelihood of 

positive future events and underestimate the likelihood of negative future events (Sharot, 2011). 

For example, people expect that they have a higher chance of getting a desirable job or living to 

be 100 years old, while having a lower chance of being diagnosed with a terminal disease or 

getting into a motor accident. Moreover, Szpunar, Addis, and Schacter (2012) recently 

demonstrated that individuals have a better memory over time for details associated with positive 

and neutral simulations than those associated with negative simulations of the future. For 

example, people might better remember their imagined success at a future competition than they 

would their imagined failure on a future test. This result parallels the fading affect bias in 

memory, which is a phenomenon in which intensity of affect associated with negative memories 

fades faster than that for positive memories (Walter & Skowronski, 2009). 

Previous research has shown that maintaining an optimistic outlook on the future helps 

reduce stress and anxiety, which can lead to longer and healthier lives (Sharot, 2011); in 

addition, positive emotions that we may associate with future events encourage exploratory 

thought and behavior in new experiences (i.e., broaden and build theory; Fredrickson, 2001) and 

help us to regulate our emotional responses (Walter & Skowronski, 2009). Optimism has also 

been conversely associated with psychopathological symptoms and mental disorders, such as 

depression and trait anxiety (Basso, Schefft, Ris, & Dember, 1996; Walter & Skowronski, 2009). 

Depressed and anxious individuals do not exhibit the same optimistic view of the future as 

healthy individuals, instead latching onto negative expectations for future events (MacLeod, 

Williams, & Bekerian, 1991; Strunk, Lopez, & DeRubeis, 2006). Thus, the presence of 

optimistic biases suggests that the valence of imagined future events may affect our memory and 
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anticipation of those future events, and thus having biases toward positive over negative future 

events may be beneficial for our mental and physical health.  

Prior expectations about how a future event will take place, particularly for personal 

future events, can influence how individuals simulate those future events. While Szpunar and 

colleagues (2012) used a paradigm with novel emotional and neutral events, people often already 

expect a positive or negative outcome for a future event (Wilson, Lisle, Kraft, & Wetzel, 1989). 

Valenced expectations can be beneficial if they motivate constructive behaviors toward those 

outcomes; for example, expecting to do well on an upcoming test may prompt us to prepare for it 

in a way that will help us achieve that successful outcome. However, persistence of these 

expectations can also become maladaptive. Only considering positive outcomes may not be the 

best approach because excessive optimism can prevent one from preparing for unforeseen 

obstacles (Sweeny, Carroll, & Shepperd, 2006; Weinstein, 1980). Alternatively, only focusing on 

negative simulated outcomes may not be optimal because excessive negative affect can lead to 

emotion dysregulation (MacLeod & Byrne, 1996). Moreover, prior expectations of future events 

can be faulty if based upon unrepresentative past experiences, and it can be costly to plan 

behavior around erroneous expectations (Wilson & Gilbert, 2005). Returning to the example 

about the upcoming test, we may expect to do well on the test because we are only recalling the 

instances in which we have previously performed successfully on a test. If we only plan around 

those positive instances, we might prepare for the test in a way that does not incorporate 

feedback from when we did poorly on a test, which can potentially result in an unexpected 

outcome of failure. 

Thus, it is beneficial to prepare for the future by keeping a flexible outlook and 

generating alternative future events to expected realities of the future, rather than being fixed in 
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one particular way of thinking about how the future will play out. This ability to consider 

alternative scenarios is sometimes referred to as prefactual thinking (Petrocelli, Seta, & Seta, 

2012). Such alternative future thinking is often spontaneously triggered before an event occurs 

(e.g. “If I spend a little more time studying for this test, then I can get an A instead of a B”), and 

can thus have an important influence on decision-making and behavior. One possible mediator of 

this influence is the perceived likelihood that a simulated alternative outcome will take place 

(Petrocelli et al., 2012). Petrocelli and colleagues (2012) found that when individuals perceived a 

better-than-expected outcome to be highly likely, this caused a greater anticipation of post-event 

negative affect, which subsequently motivated decisions that would minimize an anticipated 

negative outcome. For example, expecting to get a good grade on our upcoming test (i.e., the 

original future event) but perceiving an even higher grade to require only a little more study time 

(i.e., an alternative better-than-expected outcome) would cause us to anticipate more regret in 

settling for the lower grade, and thus may motivate us to devote more study time to get the 

higher grade. 

However, while Petrocelli and colleagues (2012) examined better outcomes to future 

events, research on optimists and defensive pessimists suggests that not all individuals would 

operate well under such thinking. Defensive pessimists tend to prepare for the future by setting 

low expectations (i.e., expecting worst case or low probability outcomes) so that the actual 

outcome likely exceeds their expectations. They use this anticipatory strategy to protect their 

self-esteem and to motivate themselves to do better, thus reducing their anxiety and increasing 

their perceived control over the event (Norem & Cantor, 1986; Norem & Illingworth, 1993). In 

contrast, optimists tend to set high expectations for the future. When an event turns out worse 

than they expected, they are able to protect themselves by thinking about how much worse it 
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could have been (i.e., counterfactual thinking; del Valle & Mateos, 2008). Thus, while defensive 

pessimists may naturally think through alternative outcomes to a given future situation and thus 

perform better by engaging with this type of thinking, optimists naturally do not consider 

alternative future outcomes and instead prefer to construct alternatives to past events in order to 

cope with events that have already happened (del Valle & Mateos, 2008; Norem & Cantor, 1986; 

Norem & Illingworth, 1993). As a result, examining individual differences in optimism and 

pessimism in looking at people’s expectations for their future and alternative simulations to those 

expectations may be both important and informative. Overall, while alternative future thinking 

has previously been studied in relation to optimism and pessimism, anticipatory affect, and 

decision-making, there are still mechanisms of alternative future event simulation that remain to 

be elucidated. 

Constructive Memory Errors and Imagination Inflation 

It has been suggested that the flexibility needed for future event simulation helps explain 

why our memory system may be constructive rather than reproductive in nature (Schacter & 

Addis, 2007). However, such flexibility is costly to the memory system, as it renders our 

memory susceptible to several kinds of distortions that may occur when information stored in 

memory is not pieced together accurately (Schacter, 2012b; Schacter & Slotnick, 2004). For 

example, our ability to abstract general themes can cause us to falsely remember a new item that 

is similar to items in memory (i.e. gist-based and associative errors; Schacter, Guerin, & 

Jacques, 2011), and our ability to update our memory in response to new information can lead us 

to incorporate information learned after an event into the original memory of the event (i.e. post-

event misinformation; Schacter et al., 2011). Moreover, because remembering past events and 

imagining future events both extract information stored in memory and draw upon similar 
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constructive processes, it can often lead to confusion between our memory and our imagination, 

called imagination inflation (Schacter, 2012a; Schacter et al., 2011). This phenomenon has been 

primarily attributed to a failure in source monitoring (i.e., making an incorrect judgment about 

where information originated from) between events that have actually occurred and events that 

have only been imagined, such that the very act of simulating a novel event may cause 

individuals to remember it as a part of their past (Mazzoni & Memon, 2003; Schacter, 2012a; 

Schacter et al., 2011). This happens most frequently when representations of actual and imagined 

events share common features, such that they are perceived and thus remembered similarly 

(Schacter et al., 2011). For example, Kensinger and Schacter (2006) found that participants 

showed comparable activity in visual processing areas of the brain for items they had only 

imagined seeing a picture for and for items whose picture they had actually been presented with, 

which may have led them to use this imagined perceptual information to falsely judge that they 

had been visually presented with pictures of items that they had in fact only imagined seeing. 

Thus, future event simulation is considered to be an adaptive constructive process, as its 

constructive nature can also make our memory prone to error (Schacter, 2012a). While such 

errors in memory may seem to be the result of dysfunction in the brain, they are actually 

reflective of an efficiently functioning, constructive memory system, and their cost may be 

outweighed by the adaptive benefit of flexible future event simulation also supported by our 

memory system (Schacter, 2012a; Schacter, 2012b; Schacter et al., 2007; Szpunar, 2010). 

Not only does the recombination of details of past experiences render our memories 

susceptible to error (Carpenter & Schacter, in press; Devitt, Monk-Fromont, Schacter, & Addis, 

2016), but the process of generating alternative outcomes to imagined future events may also 

result in errors to our memories of these future events. While future event simulation is already a 
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fundamentally constructive process, simulating alternative outcomes to future events may 

require even greater recombination than simulating the original future event. Alternative event 

simulation not only recombines elements of past experiences, but it also deconstructs initial 

simulations of future events and further recombines them in novel ways. For example, 

anticipating a future event in which we receive a good grade on a test might involve the 

recombination of details of a prior experience in which we received a good grade in a different 

class. However, generating an alternative to that event, such as failing the test, would require us 

to maintain the recombined scenario of getting a good grade while adding additional details 

involving a prior experience in which we received a bad grade. As a result, while future event 

simulation is a constructive process, simulating alternatives to those future events may require an 

even greater degree of reconstruction and detail recombination, which may ultimately result in an 

interesting pattern of memory errors. 

The Present Study: Purpose 

The present study aimed to examine how the initial positive or negative expected valence 

of imagined future events might influence subsequent thoughts about those future events. 

Overall, there were 4 types of future events in this study: (1) positive events with a better (i.e., 

more positive) alternative outcome, (2) positive events with a worse (i.e., more negative) 

alternative outcome, (3) negative events with a better alternative outcome, and (4) negative 

events with a worse alternative outcome. Event types 1 and 4 were emotion-congruent 

alternatives, meaning that the valence of the alternative outcome matched the valence of the 

original future event, while event types 2 and 3 were emotion-incongruent alternatives, meaning 

that the valence of the alternative outcome was the opposite of the valence of the original future 

event.  
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The purpose of the study was threefold. First, we aimed to examine participants’ 

capacities to generate concrete alternative outcomes to events for which a positive or negative 

outcome was already expected. We used the Autobiographical Interview (AI; Levine, Svoboda, 

Hay, Winocur, & Moscovitch, 2002) to assess differences in the amount of episodic event detail 

present between the original future event and alternative event outcomes of different valences. 

The AI categorizes events into two different types of details: first, there are “internal” details that 

are specific to time and place and are thought to engage episodic memory processes, and second, 

there are “external” details that are not specific to time and place and reflect more factual, 

semantic knowledge, as well as commentary about the task (Levine et al., 2002). Using the AI, 

simulations of alternative outcomes consisting of more internal details (i.e., more specific event 

detail) and fewer external details could reflect an individual’s ability to more easily generate 

episodically concrete scenarios for those types of events. 

Second, we examined how individuals subsequently remembered simulations of various 

alternative outcomes to events that were initially expected to be positive or negative. If people 

possess a bias towards remembering alternative outcomes of a given valence, this could result in 

better or worse memory performance for specific types of previously imagined events over 

others, as elaborated in our hypotheses below. 

Third, we investigated whether individual differences in optimism and pessimism 

differentially influenced memory for the various alternative outcome simulations. While most 

people tend to hold an optimistic view of the future (i.e., optimism bias), there are additional 

differences in how optimists and pessimists think about the future that could affect their capacity 

to remember alternative outcomes to future events. 
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Study Hypotheses 

There were three contrasting hypotheses regarding detail and memory for the simulation 

of alternative events. With respect to episodic specificity, individuals are overall likely to 

generate more specific event detail for outcomes that they find easier to simulate. Furthermore, 

ease of alternative event generation may be influenced by one’s existing emotional biases and 

expectations, which may play out in several different ways. First, consistent with the optimism 

bias (Sharot, 2011), individuals may be able to generate more coherent, episodically concrete 

narratives for better, more positive alternative outcomes to original expected events, irrespective 

of whether the original event was positive or negative. Second, individuals may be able to 

generate more coherent, episodically concrete narratives for all positive events overall, 

irrespective of whether the alternative outcomes were imagined to be better or worse than the 

original events. Third, individuals may be able to generate more coherent, episodically concrete 

narratives for alternative outcomes that are emotionally congruent with the original expected 

events (i.e., better outcomes to positive events, worse outcomes to negative events), in contrast to 

alternative outcomes that are emotionally incongruent with the original expected events (i.e., 

worse outcomes to positive events, better outcomes to negative events). 

With respect to memory for simulated alternative outcomes, participants’ memories may 

be predominantly influenced either by positivity biases (i.e., they are more likely to remember 

positively valenced future event simulations and alternative outcomes) or by the emotional 

congruency of the alternative outcomes (i.e., they are more likely to remember alternative 

outcomes that have the same directional valence as the original event). This can give rise to three 

potential sets of hypotheses, which we elaborate upon below. 
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 First, the final outcome valence of the imagined alternative event may be the most salient 

factor influencing one’s memory for an alternative event. That is, alternative future outcomes 

that are more positive than initially expected may be better remembered over a delay for both 

positive and negative events equally, as compared to alternative future outcomes that are more 

negative than initially expected. This result would support the idea that people tend to hold 

optimistic views of the future, even when it comes to imagining alternative realities to those 

events. This prediction is consistent with the literature on optimism bias (Sharot, 2011) and 

fading affect bias (Szpunar et al., 2012; Walker & Skowronski, 2009), as well as research that 

has shown that people can often be unrealistically optimistic and envision a better personal future 

even when it is not objectively true (Weinstein, 1980). Furthermore, research has also shown that 

any negative feedback received is often filtered by cognitive mechanisms to minimize threat, 

such that people are prone to disproportionately representing positive information while 

disregarding threatening negative information (Taylor & Brown, 1988). This may also be true for 

anticipated future events, such that individuals will over-represent positive information and 

under-represent negative information about a future experience. Such disproportionate 

representation could manifest as better memory for any better, more positive alternative 

outcomes as opposed to any worse, more negative alternative outcomes. 

 Second, the initial expected valence of the original event may be the most salient factor 

influencing one’s memory for any subsequently generated alternative outcomes, regardless of the 

actual valence of the alternative outcome itself. Previous research has demonstrated that prior 

affective expectations often have a greater influence than the objective experience on how people 

reconstruct their memory of past events and experience future events (Klaaren, Hodges, & 

Wilson, 1994). For example, people are often quicker to evaluate an experience that confirms 
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their expectations, and will sometimes discount and reinterpret discrepant affective information 

to be consistent with their expectations (Klaaren et al., 1994; Wilson et al., 1989). Thus, in 

addition to a positivity bias in memory for better, more positive alternative events, over worse, 

more negative alternative events, contributions of positive and negative affect from the initial 

valence of the original event may also influence subsequent memory for the imagined 

alternatives. Results consistent with this predicted pattern might be seen as a gradient in 

simulation memory, such that people will have the best-to-worst memory for events in the 

following order: (1) positive events with a better alternative outcome, (2) positive events with a 

worse alternative outcome, (3) negative events with a better alternative outcome, and (4) 

negative events with a worse alternative outcome. That is, individuals may have better memory 

for events they initially expected to have a positive outcome, in addition to having enhanced 

memory for better, more positive alternative outcomes, versus worse, more negative alternative 

outcomes. It should be noted that these predicted results are still consistent with the optimism 

bias (Sharot, 2011) and fading affect bias (Szpunar et al., 2012; Walker & Skowronski, 2009). 

This pattern of results would suggest that people have a better memory for experiences that are 

more consistent with their initial expectations, in addition to having a positivity bias for 

memories of imagined future alternative outcomes. 

Third, individuals may have superior memory for emotion-congruent alternative 

outcomes (i.e., alternative outcomes that have the same valence as the original expected event) as 

compared to emotion-incongruent alternative outcomes (i.e., alternative outcomes that have the 

opposite valence as the original expected event). In this case, memory performance may be 

related to the degree of recombination required for the various types of alternative event 

outcomes. In particular, emotion-incongruent simulations are likely to be more novel in nature 
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and may require a greater degree of recombination of details from past experiences, relative to 

emotion-congruent simulations. For example, in the previous test scenario, we recombined 

elements of past experiences in order to simulate a future event in which we received a good 

grade on a test. Generating an emotion-congruent alternative outcome (e.g., getting an even 

better grade) would require us to maintain the original future scenario of receiving a good grade, 

while adding additional details from another positive experience in which we received an even 

higher grade. In contrast, generating an emotion-incongruent alternative outcome (e.g., failing 

the test) would require us to completely reconstruct the event and recombine novel details from a 

negative experience in which we received a bad grade. Thus, it may be more difficult to generate 

emotion-incongruent alternatives, and the greater reconstructive requirements may render 

memory of emotion-incongruent future outcomes more susceptible to distortion. This result 

would manifest as better memory for events for which the valence of the alternative outcome 

was congruent with the valence of the original expected event, than for events for which this was 

not the case. This pattern would suggest that participants may be more accurate at remembering 

events that are less reconstructive, such that they have worse memory for emotion-incongruent 

alternative events compared to emotion-congruent alternative events. 

 However, this proposed pattern of superior memory for emotion-congruent alternatives 

relative to emotion-incongruent alternatives may also arise from an alternative explanation, in 

that it may be related to emotional salience. Specifically, positive events with a better alternative 

outcome and negative events with a worse alternative outcome may potentially have a higher 

emotional salience, compared to positive events with a worse alternative outcome and negative 

events with a better alternative outcome. Such a prediction would be consistent with previous 

research that has demonstrated that people have enhanced memory for emotional information 
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relative to neutral information (Hamann, 2001). Kensinger and Corkin (2004) demonstrated that 

there are two dimensions to emotional memory, valence (i.e., positive or negative) and arousal 

(i.e., calming or exciting). While these two dimensions can interact with each other to influence 

memory, they are also able to independently enhance emotional memory (Kensinger, 2004; 

Kensinger & Corkin, 2004). Moreover, neuroimaging studies have shown that the effect of 

emotion on memory increases over time, such that memory for emotionally arousing events is 

better over a delay, regardless of positive or negative valence (Cahill et al., 1996; Hamann, Ely, 

Grafton, & Kilts, 1999). Thus, emotion-congruent alternative outcomes (i.e., better alternatives 

to positive events, worse alternatives to negative events) to personal future events may result in 

heightened valence and greater emotional arousal, which may enhance memory for these events 

compared to emotion-incongruent alternative events (i.e., worse alternatives to positive events, 

better alternatives to negative events). Such a pattern of results would suggest that individuals 

may have a better, more accurate memory for events that are more emotionally salient. 

Lastly, previous research on optimism and pessimism has shown that defensive 

pessimists and optimists employ different strategies for coping across alternative past and future 

event thinking. Defensive pessimists expect the worst for the future so that they are motivated to 

do better than their expected outcome and are protected when the outcome likely exceeds their 

expectations. For example, defensive pessimists might expect to fail a test (i.e., the worst 

possible scenario) so that they study harder to get a higher grade and “defend” themselves from 

disappointment when they likely get that higher grade; any alternative outcome generated to this 

future event (e.g., getting a passing grade rather than failing) would be more positive than their 

expectation. As a result, the natural tendency of pessimists is to simulate better alternative 

outcomes to future events (del Valle & Mateos, 2008; Norem & Cantor, 1986; Norem & 
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Illingworth, 1993). On the other hand, optimists have positive expectations for the future and 

protect themselves from outcomes that turn out worse than their expectations by thinking about 

how much worse it could have been. For example, optimists might expect to get a high grade on 

a test, but afterwards discover that they received a lower grade than expected. To make 

themselves feel better, they might look back on this past event and think of alternative outcomes 

that could have resulted in a worse grade than they received. As a result, optimists often do not 

think of alternatives to future events at all, preferring to simulate alternatives to past events (del 

Valle & Mateos, 2008; Norem & Cantor, 1986; Norem & Illingworth, 1993). Given the 

respective thinking tendencies of defensive pessimists and optimists, there may be individual 

differences in how they remember simulated alternative events. Specifically, it is likely that 

defensive pessimists will exhibit superior memory for better alternative outcomes to future 

events because they naturally gravitate towards that type of thinking. Meanwhile, optimists may 

show reduced differences in memory across both types of alternative events because they 

typically do not engage in any alternative future event thinking.  

Overall, the purpose of this study is as follows: (1) to assess levels of episodic specificity 

between the original expected events and alternative outcome simulations of different valences; 

(2) to assess memory for imagined alternative outcomes according to the valence of both the 

original and alternative events; and (3) to examine whether individual differences in optimism 

and pessimism might affect the ability to remember alternative future event outcomes. 

Elucidating the mechanisms involved in alternative event simulation has important implications 

for emotion regulation and well-being in healthy and clinical populations.  
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Methods 

Participants. A total of 47 healthy undergraduate students (ages 18 to 25, 30 female) 

were recruited from Harvard College and Boston University. All participants had normal vision 

and no history of neurological or psychological impairment. Participants were paid or received 

course credit for participation. A total of 8 participants were excluded due to experimenter error, 

noncompliance, or insufficient comprehension of instructions, leaving 39 participants (29 

female) to be included in the final sample. 

Experimental design. The experiment spanned across 3 sessions and lasted a total of 

approximately 5 hours. All experimental sessions were conducted using Qualtrics on an Apple 

desktop computer. 

During the first session, participants were asked to provide 34 emotional events (17 

positive, 17 negative) that they anticipated would happen to them in the near future. Participants 

first generated a brief title for each event and subsequently described each event in as much 

detail as possible for 2 minutes in a text box provided on the computer screen. Afterwards, they 

rated each event for valence and plausibility on a scale of 1 to 7. At the end of the session, 

participants also filled out the Life Orientation Test-Revised questionnaire (LOT-R; Carver, 

Scheier, & Segerstrom, 2010) to assess trait levels of optimism and pessimism. The duration of 

the first session was approximately 2.5 hours. 

During the second session, which took place 1 to 2 days after the first session, 

participants were asked to imagine alternative outcomes for only 16 (8 positive, 8 negative) out 

of the 34 original events they provided in the first session (2 events were used as practice trials). 

For each event, participants were presented with the event title and were initially given 7 seconds 

to remember the original event they imagined in the first session. Afterwards, participants were 
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instructed to imagine and describe an alternative future scenario that was either better (i.e., more 

positive) or worse (i.e., more negative) than the original event for 2 minutes. Thus, participants 

generated 4 types of alternative scenarios, with 4 trials per event type: (1) positive events with a 

better alternative outcome, (2) positive events with a worse alternative outcome, (3) negative 

events with a better alternative outcome, and (4) negative events with a worse alternative 

outcome. After simulating each event for 2 minutes, participants were once again asked to rate 

each event for valence and plausibility on a scale of 1 to 7. Participants completed 2 practice 

trials with the experimenter before beginning the second session, and the total duration of the 

second session was approximately 1 hour. 

The third session took place 5 to 7 days after the second session. Participants were given 

a memory test concerning all original 32 events that were provided in the first session (excluding 

the 2 events used as practice trials), which included the 16 events to which participants had 

simulated alternatives outcomes in the second session and the other 16 events that were 

unsimulated during the second session. For each of the 32 events, participants were presented 

with the title of the event and were asked to make a judgment of whether they (1) had imagined a 

better outcome for the event, (2) had imagined a worse outcome for the event, or (3) did not 

imagine the event in the second session. The 16 unsimulated events were included in the 

subsequent memory test as a manipulation check to ensure that participants stayed on task. After 

making the memory judgment, participants were asked to re-imagine and describe each event for 

2 minutes. If participants judged that they had simulated an alternative outcome for a given 

event, they were asked to re-imagine and describe the same alternative outcome for 2 minutes. If 

participants judged that they had not imagined an alternative outcome for a given event (i.e., an 

unsimulated event), they were asked to re-imagine and describe the original event from the first 
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session for 2 minutes. Finally, participants rated each event for valence and plausibility on a 

scale of 1 to 7. Participants again completed 2 practice trials with the experimenter before 

beginning the third session, and the duration of the third session was approximately 1.5 hours. 

Autobiographical Interview. Participant narratives of the original events and alternative 

event outcomes were scored to assess levels of internal and external detail, using an adapted 

version of the Autobiographical Interview (Gaesser, Sacchetti, Addis, & Schacter, 2011; Levine 

et al., 2002). Internal details are episodic event details that contain information specific to the 

time and place of an event, and external details are non-episodic details that contain other types 

of information, such as semantic knowledge or general task commentary. The amount of internal 

detail was compared between the original event narratives and alternative outcome narratives to 

assess how the episodic specificity and concreteness of simulated events may differ according to 

the directional valence of simulation (i.e., whether the simulated alternative outcome was better 

or worse than the initial expectation). 

 

Results 

 We conducted a series of repeated-measures analyses of variance (ANOVAs) to test the 

hypotheses, which involved within-subjects factors of Initial event emotion (positive vs. 

negative), Alternative event emotion (better vs. worse), and Time of simulation (session 1, 

session 2, session 3). Both main effects and interactions were tested to compare the various event 

types, which included the following: (1) positive events with a better alternative outcome 

(positive-better), (2) positive events with a worse alternative outcome (positive-worse), (3) 

negative events with a better alternative outcome (negative-better), (4) negative events with a 

worse alternative outcome (negative-worse), (5) positive events that were unsimulated in the 
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second session (positive-none), and (6) negative events that were unsimulated in the second 

session (negative-none). 

 Event exclusion. A total of .007% of event trials were excluded from the experiment 

(0.12% of positive-better trials, 0.12% of positive-worse trials, 0.12% of negative-better trials, 

.006% of negative-worse trials, .003% of positive-none trials, .003% of negative-none trials) 

because the participant did not simulate an alternative in the correct directional valence, or the 

participant already experienced the event between session 1 and sessions 2 or 3. 

 Episodic specificity. We first assessed how episodic specificity varied across the 

different alternative event types by examining the levels of internal detail in participants’ event 

narratives. 

 In order to assess changes in internal detail between sessions 1 and 2 for events to which 

participants generated alternative outcomes, we conducted a 2 (Initial event emotion: positive vs. 

negative) x 2 (Alternative event emotion: better vs. worse) x 2 (Time of simulation: session 1 vs. 

session 2) repeated measures ANOVA. We found no significant main effects or interactions (all 

Fs < 1.69, all ps > .20). Two-tailed post hoc t tests showed that levels of internal detail did not 

significantly change from session 1 to session 2 across any of the event types (i.e., positive-

better, positive-worse, negative-better, negative-worse) (all ts < .85, all ps > .40). Thus, 

participants were quite capable of generating episodically concrete simulations for all alternative 

event types (Figure 1A). 

 Next, we assessed changes in internal detail between sessions 1 and 3 for events to which 

participants generated alternative outcomes, and conducted a 2 (Initial event emotion) x 2 

(Alternative event emotion) x 2 (Time of simulation: session 1 vs. session 3) repeated measures 

ANOVA. We found a significant main effect of Time of simulation, F(1, 38) = 6.34, p < .05, η2 
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= .14, such that detail decreased for all event types between session 1 and session 3, but we did 

not find any significant interactions (all Fs < .67, all ps > 420). There was a marginally trending 

decrease in detail for positive-better events [t(38) = 1.62, p = .11, d = 0.26], and a significant 

decrease in detail for positive-worse events [t(38) = 2.04, p < .05, d = 0.33], negative-better 

events [t(38) = 2.41,  p < .05, d = 0.39], and negative-worse events [t(38) = 2.08, p < .05, d = 

0.33] (Figure 1B). There was also a significant decrease in detail between session 1 and session 3 

for events that were unsimulated in the second session [positive-none events: t(38) = 3.55, p = 

.001, d = 0.57; negative-none events: t(38) = 4.44, p < .001, d = 0.71] (Figure 1C). Thus, 

participants generated fewer details for alternative events from session 1 to session 3; however, 

because we also found a decrease in the level of detail among unsimulated events from session 1 

to session 3, these patterns may reflect normal forgetting over time, as opposed to an inability to 

generate episodically concrete events in the third session. 

 Ratings. Next, we examined changes in valence and plausibility ratings in the different 

event types across experimental sessions. 

 Valence. In session 1, we found that positive events were overall rated as more positive 

than negative events, t(38) = 30.87, p < .001, d = 4.94. 

We then wanted to examine whether the perceived valence of events to which 

participants generated alternative outcomes changed between sessions 1 and 2. We conducted a 2 

(Initial event emotion: positive vs. negative) x 2 (Alternative event emotion: better vs. worse) x 2 

(Time of simulation: session 1 vs. session 2) repeated measures ANOVA, and found significant 

main effects of Initial event emotion [F(1, 38) = 480.88, p < .001, η2 = .93], Alternative event 

emotion [F(1, 38) = 738.13, p < .001, η2 = .95], and Time of simulation [F(1, 38) = 8.02, p < .01, 

η2 = .17]. We also found significant interactions of Initial event emotion x Time of simulation 
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[F(1, 38) = 299.61, p < .001, η2 = .89] and Alternative event emotion x Time of simulation  [F(1, 

38) = 1119.63, p < .001, η2 = .97]. Post hoc t tests showed that there were no significant changes 

in perceived valence for positive-better events [t(38) = -.11, p = .92]; however, ratings of valence 

became significantly more negative in session 2 for positive-worse events [t(38) = 25.14, p < 

.001, d = 4.03] and negative-worse events [t(38) = 4.94, p < .001, d = 0.79], and significantly 

more positive for negative-better events [t(38) = -20.18, p < .001, d = 3.23] (Figure 2A). Thus, 

perceived valence significantly changed between session 1 and session 2 in the expected 

directions: events were rated as more negative if the simulated alternative outcome was worse 

than the original event, and rated as more positive if the simulated alternative outcome was better 

than the original event. These ratings confirmed that participants stayed on task during the study.  

 Next, we conducted a 2 (Initial event emotion) x 2 (Alternative event emotion) x 2 (Time 

of simulation: session 2 vs. session 3) repeated measures ANOVA to assess valence changes 

between sessions 2 and 3. We found significant main effects of Initial event emotion [F(1, 38) = 

104.45, p < .001, η2 = .73] and Alternative event emotion [F(1, 38) = 838.54, p < .001, η2 = .96]. 

Critically, we also found significant interactions of Initial event emotion x Time of simulation 

[F(1, 38) = 18.37, p < .001, η2 = .33], and Alternative event emotion x Time of simulation [F(1, 

38) = 45.93, p < .001, η2 = .55]. Between sessions 2 and 3, valence ratings became significantly 

more negative for positive-better events [t(38) = 2.59, p < .05, d = 0.41] and negative-better 

events [t(38) = 6.31, p < .001, d = 1.01], and significantly more positive for positive-worse 

events [t(38) = -4.42, p < .001, d = 0.71] and negative-worse events [t(38) = -2.02, p = .05, d = 

0.32] (Figure 2B). This pattern suggests that following a delay, valence ratings of alternative 

events reverse slightly towards their original baselines. That is, despite the fact that positive-

better and negative-better events are rated more positively in session 2 relative to session 1, in 
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session 3 they are rated as slightly more negative again; similarly, positive-worse and negative-

worse events are rated as slightly more positive again in session 3. 

 Plausibility. In session 1, we found that positive events were overall rated as more 

plausible than negative events, t(38) = 6.66, p < .001, d = 1.07. 

To assess changes in perceived plausibility of the simulated events between sessions 1 

and 2, we conducted a 2 (Initial event emotion) x 2 (Alternative event emotion) x 2 (Time of 

simulation: session 1 vs. session 2) repeated measures ANOVA. We found significant main 

effects of Initial event emotion [F(1, 38) = 22.34, p < .001, η2 = .37] and Time of simulation 

[F(1, 38) = 55.67, p < .001, η2 = .59], as well as a trending main effect of Alternative event 

emotion [F(1, 38) = 3.82, p = .058, η2 = .09]. Additionally, we found significant interactions of 

Initial event emotion x Time of simulation [F(1, 38) = 47.38, p < .001, η2 = .56], Alternative 

event emotion x Time of simulation [F(1, 38) = 9.80, p < .01, η2 = .21], and, most notably, a 

significant three-way interaction of Initial event emotion x Alternative event emotion x Time of 

simulation [F(1, 38) = 31.13, p < .001, η2 = .45]. More specifically, there was a significant 

decrease in plausibility ratings between session 1 and session 2 for positive-better events [t(38) = 

11.70, p < .001, d = 1.87], positive-worse events [t(38) = 4.81, p < .001, d = 0.77], and negative-

worse events [t(38) = 4.82, p < .001, d = 0.77]. In contrast, there was a significant increase in 

plausibility ratings between session 1 and session 2 for negative-better events [t(38) = -4.03, p < 

.001, d = 0.65] (Figure 3A). Thus, while the majority of alternative outcomes are rated as less 

plausible than their original counterparts, there is actually an increase in perceived plausibility of 

better outcomes to negative events.  

 Next, we ran a 2 (Initial event emotion) x 2 (Alternative event emotion) x 2 (Time of 

simulation: session 2 vs. session 3) repeated measures ANOVA to assess changes in perceived 
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plausibility between sessions 2 and 3, and found a significant main effect of Alternative event 

emotion, F(1, 38) = 13.25, p = .001, η2 = .26. Critically, there was a significant three-way 

interaction of Initial event emotion x Alternative event emotion x Time of simulation, F(1, 38) = 

14.45, p = .001, η2 = .28. There was overall a significant increase in plausibility ratings between 

session 2 and session 3 for positive-better events [t(38) = -2.22, p < .05, d = 0.36], and a 

significant decrease in plausibility for negative-better events [t(38) = 2.47,  p < .05, d = 0.40]. 

There were no significant changes in plausibility for positive-worse events and negative-worse 

events, ts < 1.09, ps > .28 (Figure 3B). Collectively, these results suggest that over a delay, 

plausibility only changed significantly for two event types: plausibility increased between 

sessions 2 and 3 for better outcomes to positive events, and plausibility decreased between 

sessions 2 and 3 for better outcomes to negative events.  

 Memory errors. In the third experimental session, participants were presented with a 

memory test in which they were given the title of the event they had generated in the first session 

and subsequently asked to make a judgment of whether they (1) had imagined a better outcome 

for the specified event, (2) had imagined a worse outcome for the specified event, or (3) did not 

imagine the event in the second session. Memory errors occurred when participants made an 

incorrect judgment for an event on the memory test. Overall, there were several error types: (1) 

when participants made a judgment that they had generated a better alternative when they had 

actually imagined a worse alternative or did not imagine the event at all during the second 

session, (2) when they made a judgment that they had generated a worse alternative when they 

had actually imagined a better alternative outcome or did not imagine the event at all during the 

second session, and (3) when they made a judgment that they did not imagine an alternative 

event in the second session when they had actually imagined either a better or a worse alternative 
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outcome. On average, participants had a memory error rate of 10.9% (approximately 3.5 events) 

out of the total 32 events included on the memory test. 

 To examine whether patterns of memory errors differed according to event type, we ran a 

2 (Initial event emotion: positive vs. negative) x 2 (Alternative event emotion: better vs. worse) 

repeated measures ANOVA. Importantly, we found a significant interaction of Initial event 

emotion x Alternative event emotion, F(1, 38) = 10.88, p < .01, η2 = .22. Overall, participants 

made significantly more errors when making memory judgments for emotion-incongruent 

alternative events (i.e., positive-worse and negative-better events; M = 1%, SE = .002) than for 

emotion-congruent alternative events (i.e., positive-better and negative-worse events; M = 

2.28%, SE = .003), t(38) = -3.30, p < .01, d = 0.53 (Figure 4A). However, it is important to note 

that participants also made errors in their memory judgments for events that were unsimulated in 

the second session at a frequency comparable to that of errors for emotion-incongruent 

alternative events, M = 2.16%, SE = .004 (Figure 4B). Additionally, while trait optimism and 

pessimism scores from the LOT-R scale were not a significant covariate in examining patterns of 

memory errors, there were small differences between optimists and pessimists. In performing a 

median split on participants’ LOT-R scores (i.e., pessimists ≤ LOT-R score of 12, optimists > 

LOT-R score of 12), we found that optimists (Figure 4C) made more memory errors overall 

compared to pessimists (Figure 4D). In particular, whereas the proportion of memory errors for 

emotion-congruent alternatives (i.e., positive-better and negative-worse events) were similar in 

both optimists and pessimists (Moptimist = 0.82%, SE = .004; Mpessimist = 1.17%, SE = .004), the 

proportion of memory errors for emotion-incongruent alternatives (i.e., positive-worse and 

negative-better events) was higher in optimists (Moptimist = 2.73%, SE = .007; Figure 4C) than in 



      27 

pessimists (Mpessimist = 1.81%, SE = .005; Figure 4D). However, none of these differences were 

statistically significant (all ts < -1.11, all ps > .28). 

We can further investigate the observed patterns of memory errors by examining the 

actual option participants selected on incorrect trials (Figure 5). The most common error made 

for events to which participants generated alternative outcomes was the selection of “none”; that 

is, participants judged that they had not simulated an alternative outcome in the second session 

when they had indeed simulated an alternative outcome for that event (Figure 5A; white bars). In 

other words, participants may have mistakenly recognized the alternative outcome as the original 

event they had generated in the first session. Detail scoring for participant narratives suggests 

that this may be a possibility, as participant narratives during session 3 were indeed very similar 

to the alternative narratives they generated in session 2, despite selecting the option that they did 

not generate an alternative outcome. Participants also made memory errors for positive and 

negative events to which they did not generate alternative outcomes in the second session (i.e., 

unsimulated events, or events that they re-simulated as the original event during the third 

session). Here, there was a diverging result for positive and negative events. For unsimulated 

positive events, the majority of participants’ errors during session 3 involved judging that they 

had generated a better alternative outcome during session 2, whereas for unsimulated negative 

events, the majority of errors involved judging that they had generated a worse alternative 

outcome during session 2 (Figure 5B). Overall, while patterns of memory errors for events to 

which participants generated alternative outcomes seem to be dominated by the selection of 

“none” regardless of event type, errors for unsimulated events may diverge depending on 

whether the initial event was positive or negative.  
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General Discussion  

 Overall, we did not find differences in episodic specificity between the various 

alternative event types as assessed by levels of internal detail; however, we did find differences 

in the perceived valence and plausibility of the alternative events. Valence ratings changed in the 

expected direction following alternative event simulation in the second session (i.e., all better 

outcomes were rated more positively and worse outcomes rated more negatively), but these 

ratings returned closer to their original baseline in the third session (i.e., positive-worse outcomes 

were rated as more positive again and negative-better outcomes were rated as more negative 

again). Perceived plausibility decreased for most alternative event types (i.e., positive-better, 

positive-worse, and negative worse events), with the exception of an increase in plausibility for 

negative-better events. Furthermore, there were significant differences in participants’ 

subsequent memories of the alternative events. Specifically, we found that when asked to make 

memory judgments regarding the type of alternative outcome simulated for each event in the 

second session (i.e., better outcome, worse outcome, or did not imagine an alternative outcome), 

participants made fewer errors in judgment for emotion-congruent alternative events (i.e., 

positive-better and negative-worse events) than for emotion-incongruent alternative events (i.e., 

positive-worse and negative-better events). Moreover, although memory error differences 

between individuals with high (optimists) and low (pessimists) LOT-R scores were not 

statistically significant, pessimists overall made fewer memory errors relative to optimists. 

Below, we discuss each finding and their respective implications in turn. 

Episodic specificity. First, between the first and second experimental sessions, levels of 

internal episodic detail as assessed by the Autobiographical Interview (Gaesser et al., 2011; 

Levine et al., 2002) did not differ across the various alternative event types. This suggests that 
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participants were capable of generating equally episodically concrete simulations of alternative 

outcomes, relative to their simulations of the original emotional events. In contrast, we did find 

decreases in internal detail between the first and third experimental sessions for all event types. 

However, this was not only true for events to which individuals generated alternative outcomes 

(i.e., positive-better, positive-worse, negative-better, and negative-worse events), but it was also 

true for positive and negative events that were unsimulated during the second session (i.e., 

positive-none and negative-none events). Thus, this reduction in internal detail between sessions 

1 and 3 may reflect normal forgetting after a delay, rather than lower ease of generation of the 

alternative outcomes. Although we did not find conclusive differences in episodic specificity 

between the various alternative event types, this may have resulted from a limitation of the 

experiment, specifically a brief simulation time. Participants only simulated each alternative 

outcome for two minutes, and in examining participants’ narratives, they were capable of using 

the full time to describe each event and were often cut off mid-sentence at the end of the two 

minutes. This finding indicates that they potentially had more to describe about the event, and 

that two minutes may not have been a sufficiently long enough time frame to reveal any 

differences in detail between the various alternative event types. Thus, extending the time given 

for simulation may draw out differences in episodic specificity across the various alternative 

event types that could not be detected within a two-minute simulation time frame. 

 Valence and plausibility ratings. Second, the process of generating alternative 

outcomes seemed to influence how participants rated the valence and perceived plausibility of 

the events. Valence ratings changed between the first and second sessions, such that events with 

a better alternative outcome were rated as more positive, and events with a worse alternative 

outcome were rated as more negative. This result revealed that participants stayed on task 
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throughout the study. However, in the third session, the perceived valence of the alternative 

events returned closer to baseline; that is, positive-worse events were once again rated as slightly 

more positive, although still more negative than their original valence in session 1, and negative-

better events were once again rated as slightly more negative, although still more positive than 

their original valence in session 1. These data suggest that the process of alternative simulation 

may dilute the emotional intensity of the imagined events, which may generally be beneficial for 

emotional well-being. This finding supports existing literature that has found that mentally 

simulating a different, more desirable outcome to a worrisome future event can decrease initial 

negative valence towards the event (Brown et al., 2002; Rivkin & Taylor, 1999). However, in 

this study, we extend the reduction of emotional intensity to both negative events to which 

individuals generated a better outcome and positive events to which individuals generated a 

worse outcome, as it may be beneficial to flexibly think about both positive and negative future 

events to prepare for all types of outcomes. Consistent with previous studies that have found the 

emotional benefits of such mental simulation (Brown et al., 2002; Taylor et al., 1998), the 

process of considering various outcomes to the future may lead to more effective coping and 

better emotion regulation. 

 Changes in plausibility ratings suggested that the process of generating alternative 

outcomes to emotional events tends to decrease the perceived plausibility of most alternative 

event types (i.e., positive-better, positive-worse, and negative-worse events). However, 

generating better, more positive outcomes to negative events (i.e., negative-better events) 

actually led to a boost in perceived plausibility. This unique increase in plausibility from 

imagining a more positive outcome to a negative event may reflect the operation of an optimism 

bias (i.e., overestimating the likelihood of positive future events; Sharot, 2011). The same effect 
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may not have been seen from generating better alternatives to positive events (i.e., positive-better 

events) because the original valence rating was already near ceiling, and thus any further 

increase in valence from simulating an even better, more positive alternative outcome may have 

reduced the realistic quality of the outcome itself. However, in the third experimental session, 

participants only rated the plausibility of the alternative event and not of the original event, 

which limits our ability to draw conclusions about how generating alternative outcomes may 

influence the perceived plausibility of the original event. Previous studies have shown that 

generating better alternatives to negative scenarios leads individuals to judge these negative 

events as being less likely to occur (Bentz, Williamson, & Franks, 2004). This debiasing effect 

has been attributed to the availability heuristic (i.e., making judgments of likelihood based on 

how easily items come to mind; Tversky & Kahneman, 1973), such that the greater availability 

of positive alternatives decreases the perceived likelihood of the original negative event (Bentz et 

al., 2009). Thus, the process of generating alternative outcomes of the opposite valence may 

increase the accessibility of those outcomes and decrease the perceived plausibility of the 

original event. Future research should take this limitation into account and incorporate a design 

that allows one to assess the perceived plausibility of both the original and alternative events. 

 Memory errors. Third, emotional congruency between the original events and their 

alternative outcomes may enhance subsequent memory for those events, as evidenced by the 

significantly fewer erroneous judgments that were made regarding the type of alternative 

outcome generated in the second session for emotion-congruent events (i.e., positive-better and 

negative-worse events), as compared to emotion-incongruent events (i.e., positive-worse and 

negative-better events). This pattern of results seems to support our third set of hypotheses: 

participants made fewer errors in subsequent memory for emotion-congruent events than for 
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emotion-incongruent events, which can arise from two possible explanations. First, the frequency 

of memory errors may be driven by the extent to which reconstructive processes are involved in 

simulating alternative outcomes. Specifically, generating emotion-incongruent alternative 

outcomes may involve a greater degree of reconstruction of the original scenario than generating 

emotion-congruent alternative outcomes, which may be more additive in nature. That is, 

generating an emotion-incongruent alternative (e.g., imagining failing a test when expecting a 

high grade) would require us to drastically recombine many elements of the original scenario 

(e.g., receiving a good grade) with elements from a completely different experience (e.g., 

receiving a bad grade). In contrast, generating an emotion-congruent alternative (e.g., doing even 

better than expected on the test) may only require us to add details from a similar experience to 

our original scenario. Consequently, emotion-incongruent events are likely more novel in nature, 

and the greater amount of recombination involved in the simulation of these events may result in 

more memory judgment errors for these trials. 

 However, one pattern of results we found was that the frequency of memory errors for 

emotion-incongruent alternatives was approximately equal to the frequency of errors made for 

unsimulated events, which were events that did not involve any recombination of details during 

the second session. Thus, the observed errors may not necessarily reflect the constructive nature 

of generating alternative outcomes, but rather may reflect normal forgetting. Accordingly, an 

alternative explanation for the observed distribution of memory errors may be related to the 

enhanced emotional salience of emotion-congruent events. Specifically, emotion-congruent 

events (i.e., positive-better and negative-worse events) are likely the most emotionally salient 

types of event trials. Literature in the emotional memory domain has found that emotional 

arousal modulates memory at encoding and consolidation to form and maintain durable, detailed 
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memories, which can influence downstream retrieval of these memories (Holland & Kensinger, 

2010). That is, memories that are more strongly encoded and consolidated are retrieved more 

successfully than those that involve weaker encoding or consolidation processes (Holland & 

Kensinger, 2010; Rugg, Johnson, Park, & Uncapher, 2008). Thus, emotion-congruent events 

may produce increased emotional arousal, relative to emotion-incongruent events, that boosts the 

persistence and fidelity of memory traces for retrieval. Moreover, the effect of emotion has been 

shown to increase over time to enhance memory for emotionally arousing positive and negative 

events (Cahill et al., 1996; Hamann et al., 1999). In the current experiment, we speculate that the 

emotional congruency of the original and alternative events may help to facilitate this 

enhancement of emotional memory, resulting in a boost in accurate memory judgments for 

emotion-congruent events compared to emotion-incongruent events.  

 Lastly, there may be further differential memory for alternative events according to 

individual differences in optimism and pessimism. While memory error differences in optimists 

and pessimists were not significant, trends in their respective data seem to be consistent with 

existing literature on how optimists and pessimists prefer to think about their pasts and their 

futures. Overall, individuals with pessimistic tendencies exhibited fewer errors in memory than 

did those with optimistic tendencies. These data may relate to the finding that defensive 

pessimists prefer to generate better alternatives to future events, while optimists prefer to 

generate worse alternatives to past events (del Valle & Mateos, 2008; Norem & Cantor, 1986; 

Norem & Illingworth, 1993). As a result, pessimists likely have more practice in generating 

future alternatives than optimists, and thus made overall fewer errors in their memories for 

alternative future events compared to optimists, who do not usually generate alternatives and 

thus are less accustomed to thinking in this manner. 
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There was an important limitation in the design of the memory test that makes it difficult 

to interpret the observed patterns of memory errors. During the session 3 memory test, 

participants were asked to indicate whether they generated a better outcome, a worse outcome, or 

did not generate an alternative event (i.e., “none”) for the various event types. The most common 

category of errors was the selection of the “none” category; that is, participants judged that they 

did not imagine an alternative in the second session when in fact they had simulated an 

alternative outcome for that event. These errors are of particular interest because they may 

indicate that the participants mistakenly recognized the alternative outcome as the original event 

they generated in the first session. Indeed, participant narratives during session 3 were very 

similar to the alternative narratives they generated in session 2, despite making the judgment that 

they did not generate an alternative outcome. This finding suggests that their perception of the 

original event may have changed. However, these data are inconclusive, as our current 

experimental design conflates two possible errors in the “none” category: on the one hand, 

participants may have actually mistakenly thought that the remembered alternative outcome was 

the original (i.e., false memory error), but on the other hand, participants may have truly 

forgotten that they imagined the alternative outcome (although details from participant narratives 

suggest otherwise, as mentioned above). While the current experimental design cannot separate 

these two types of errors, next we propose a follow-up experiment to more clearly probe into the 

source memory of subsequent memory errors for simulated alternative events. 

Proposal for Follow-up Study 

Given this limitation of the current experiment, a follow-up study should be conducted to 

delve further into the source of the memory errors that were made in this current experiment. 

Gerlach, Dornblaser, and Schacter (2014) demonstrated that counterfactual thinking (i.e., 
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generating alternative outcomes to past events) is an adaptive constructive process that can cause 

distortions to our memory of past events; that is, individuals can confuse the memory of a past 

event that happened to them with an alternative past outcome that they generated for that event 

(Gerlach et al., 2014). For example, we may have experienced a past event in which we received 

a high grade on a test. However, imagining an alternative past outcome to that event in which we 

received a lower grade could distort the original memory such that later, we may mistakenly 

recognize the alternative outcome as the original event that actually occurred. Thus, the 

constructive process of generating future events and alternative outcomes to those future events 

may also result in similar types of memory distortions, such that individuals may confuse a 

future scenario with an alternative future outcome generated for that event. This result would be 

consistent with literature on imagination inflation (i.e., imagining an event increases one’s 

confidence that it actually occurred), which is largely considered a consequence of failed source 

monitoring (Schacter, 2012a; Schacter et al., 2011). Distortions to memories of future events 

caused by generating alternative future outcomes could similarly be evidence of a failure in 

source monitoring between the original and alternative future events. Conducting a follow-up 

experiment could help determine whether or not such memory distortions occur in the process of 

simulating alternative future events.  

Experimental design. The design of the following study is an adaptation of the 

experimental paradigm used by Gerlach and colleagues (2014). The experiment will span across 

3 experimental sessions. In the first session, participants will be asked to generate 60 emotional 

future events (30 positive, 30 negative) that they expect might happen to them in the near future. 

Participants will be given a list of event categories (e.g., academics, career, relationships, health, 

and finance) to aid them in the process of generating realistic events. For each event, participants 
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will be asked to provide a brief event title and description of the event. In addition, they will rate 

each event for valence, plausibility, similarity to previously experienced events, and vividness on 

a scale of 1 to 7. 

In the second session, which will take place 2 days after the first session, participants will 

be asked to simulate 40 of the original 60 events that they generated in the first session. For 20 

events (10 positive, 10 negative), they will be presented with the event title that they provided in 

the first session, and asked to re-imagine the identical future event that they generated in the first 

session for 2 minutes. This trial type will control for possible effects of re-simulation itself on 

one’s memory of future events in the second session. For another 20 events (10 positive, 10 

negative), participants will be presented with the event title from the first session and asked to 

simulate an alternative future outcome of the opposite valence for 2 minutes. Specifically, for 10 

events with a negative outcome, they will simulate a better outcome than the one they originally 

imagined (i.e., negative-better), and for 10 events with a positive outcome, they will simulate a 

worse outcome than the one they originally imagined (i.e., positive-worse). Prior to describing 

the alternative event, they will also be asked to provide a different title for the alternative 

outcome. Altogether, of the 60 events originally generated in the first session, there will be 40 

events that are simulated in the second session and 20 events from the first session that will 

remain unsimulated in the second session. Lastly, for all 40 events that are simulated in the 

second session, participants will make a series of ratings for valence, plausibility, similarity to 

previously experienced events, and vividness on a scale of 1 to 7. 

In the third session, which will take place a week after the second session, participants 

will be given a memory test for all 60 events. Half of these events will be “old” (i.e., events 

simulated in the first session), and half will be “new” (i.e., events unsimulated in the first 
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session). Of the 30 old events, there will be 10 events that were unsimulated in the second 

session, 10 events that were re-simulated in the second session (i.e., identical to the event from 

the first session), and 10 events to which alternative outcomes were simulated in the second 

session. Note that this last set of 10 trials is “old” because the event title is that of the original 

event from the first session, even though participants generated alternative outcomes to these 

events. Of the 30 new events, there will be 10 events (5 positive, 5 negative) that are alternative 

event lures (i.e., alternative future outcomes simulated to the original events in the second 

session), and 20 events that are novel items (i.e., neither generated in the first session nor 

simulated in the second session), which will be plausible new scenario titles generated by the 

experimenters.  Note that the first set of 10 trials is “new” because the alternative scenario itself 

was not imagined in the first session, but rather was imagined in the second session. 

Participants will be presented with each event title and asked to make two consecutive 

judgments. First, they will be asked to determine whether the event is old or new. Second, they 

will be asked to make a source judgment for each event. For each event that they judge to be old, 

they will subsequently be asked to determine whether they (1) did not simulate the event in the 

second session, (2) re-simulated the identical event, or (3) simulated an alternative outcome to 

the event. For each event that they judge to be new, they will subsequently be asked to determine 

whether they (1) never simulated the event (i.e., novel) or (2) simulated this event as the 

alternative outcome in the second session (i.e., alternative event lure). Overall, there will be 5 

possible categories of judgments: (1) old-no simulate, (2) old-identical simulate, (3) old-

alternative simulate, (4) new-new, and (5) new-alternative lure. In addition, participants will 

make a series of ratings for valence, plausibility, similarity to previously experienced events, and 

vividness on a scale of 1 to 7.  
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Importantly, false memory errors will be those in which participants make an “old” 

judgment (i.e., old-no simulate, old-identical simulate, or old-alternative simulate) for a “new-

alternative lure” event. These errors will occur if participants mistakenly think that the 

alternative outcome they are presented with is the original event that they simulated from the 

first session. The presence of this category of errors would suggest that the original future event 

generated in the first session has been distorted by the alternative outcome generated in the 

second session. The proposed study design and memory test can help to more clearly distinguish 

between the memory errors that were conflated in our current experimental design by identifying 

which errors were indeed false memory errors and which errors may have been the result of mere 

forgetting. Consistent with the findings of Gerlach and colleagues (2014), we hypothesize that 

there will be more false memory errors for events to which participants generated alternative 

outcomes than for novel or re-simulated events. This result would provide further support for our 

idea that the process of generating alternative outcomes to future events is inherently more 

reconstructive than that of generating novel future scenarios alone, and hence may render our 

memories for simulated alternative future events more susceptible to error.  

Conclusion 

In summary, we found that generating alternative outcomes to expected emotional future 

events does not seem to significantly influence episodic specificity as assessed by levels of 

internal detail, but it does seem to affect the perceived valence and plausibility of the alternative 

events. Moreover, participants made more errors in their memory judgments of emotion-

incongruent alternative events, relative to emotion-congruent alternative events. We proposed a 

follow-up experiment that probed further into the source memory of these errors and addressed 

an existing limitation in the current design of the memory test. 
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Ultimately, findings from this line of research may be important for furthering our 

knowledge and understanding of the benefits of imagining the future, and in particular, 

mechanisms behind imagining alternative versions of anticipated future events. This line of work 

may have implications for emotion regulation and well-being, and may inform the study of 

emotion disorders such as anxiety and depression, in which processes involved in imagining the 

future often go awry. 
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Figure 1. Total number of internal event details for: (A) positive-better, positive-worse, negative-better, and negative-worse event types during 
session 1 (initial event simulation) and session 2 (alternative event simulation), (B) positive-better, positive-worse, negative-better, and negative-
worse event types during session 1 and session 3 (event re-simulation), and (C) unsimulated positive and negative events during session 1 and session 
3. Error bars represent 1 standard error of the mean. 
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Figure 2. Ratings of perceived valence for: (A) positive-better, positive-worse, negative-better, and negative-worse event types during session 1 
(initial event simulation) and session 2 (alternative event simulation), and (B) positive-better, positive-worse, negative-better, and negative-worse 
event types during session 2 and session 3 (event re-simulation). Error bars represent 1 standard error of the mean. 
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Figure 3. Ratings of perceived plausibility for: (A) positive-better, positive-worse, negative-better, and negative-worse event types during session 1 
(initial event simulation) and session 2 (alternative event simulation), and (B) positive-better, positive-worse, negative-better, and negative-worse 
event types during session 2 and session 3 (event re-simulation). Error bars represent 1 standard error of the mean. 
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Figure 4. Proportion of errors made in memory judgments during session 3 for: (A) positive-better, positive-worse, negative-better, and negative-
worse event types, (B) positive and negative events that were unsimulated during session 2, (C) positive-better, positive-worse, negative-better, and 
negative-worse event types in optimists (i.e., above the median split according to the LOT-R scale), and (D) positive-better, positive-worse, negative-
better, and negative-worse event types in pessimists. Error bars represent 1 standard error of the mean. 
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Figure 5. Frequency of errors made in memory judgments during session 3 by error type for: (A) Events to which participants simulated an 
alternative outcome during session 2. Black bars represent errors in which participants judged that they had generated a worse alternative outcome for 
a given event during session 2, when they had actually either generated a better outcome or did not simulate that event. Dark gray bars represent 
errors in which participants judged that they had generated a better alternative outcome for a given event during session 2, when they had actually 
either generated a worse outcome or did not simulate that event. White bars represent errors in which participants judged that they did not generate an 
alternative outcome for a given event in session 2, when they had actually generated either a better or a worse alternative outcome. (B) Unsimulated 
events. Participants judged that they had generated a better alternative outcome (dark gray bars) or a worse alternative outcome (black bars) for a 
given event during session 2, when they actually did not simulate an alternative to that event. 
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