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Abstract 

Counterfactual thinking is a spontaneously occurring process that involves 

imagining alternative versions of events that have already transpired. By creating “what 

if” and “if only” scenarios, people use the emotions of these new simulations to alter 

their perception of what actually occurred. These emotional changes then influence later 

behavior. While this process is largely automatic, counterfactual thinking can be 

intentionally utilized to alter the emotional response to a memory. By examining 

counterfactual thinking as an emotion regulation technique, we can begin to use this 

method to combat behaviors such as worry and rumination that are associated with 

maladaptive mental simulation. In my dissertation, I first provide a process model of 

counterfactual thinking, complete with the emotional consequences of each step, that is 

then compared to the existing process model of emotion regulation. I then present a 

series of experiments utilizing counterfactual thinking in a variety of emotion regulation 

contexts. Using self-report, psychophysiology, and functional magnetic imaging, this 

research begins to integrate the fields of counterfactual thinking and emotion regulation. 

Through this work, I find that creating alternative versions of events can effectively 

reduce the negativity of an emotional response to a memory. Importantly, intentional 

counterfactual thinking is especially effective for people who report higher levels of trait 

anxiety symptomology. Possible mechanisms and future implications of regulatory 
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counterfactual thinking are discussed with suggestions on how to better integrate the 

areas of counterfactual thinking and emotion regulation. 



 

 

vi 

Contents 

Abstract ......................................................................................................................................... iv 

List of Tables ................................................................................................................................. xi 

List of Figures .............................................................................................................................. xii 

Acknowledgements ................................................................................................................... xiv 

1. Introduction: Counterfactual thinking as an emotion regulation tactic ............................ 1 

1.1 Introduction to Counterfactual Thinking ...................................................................... 1 

1.1.1 Counterfactual Creation .............................................................................................. 2 

1.1.1.1 Counterfactual Processing ................................................................................... 5 

1.1.1.2 Counterfactual Response Behavior .................................................................... 7 

1.1.1.3 Summary of the Counterfactual Process ........................................................... 8 

1.1.2 Emotion in Counterfactual Thinking ...................................................................... 10 

1.2 Counterfactual Thinking and Emotion Regulation .................................................... 15 

1.2.1 Introduction to Emotion Regulation ....................................................................... 15 

1.2.2 Counterfactual-Like Emotion Regulation Strategies ............................................ 17 

1.2.3 Counterfactual Thinking and Gross’ Emotion Regulation Model ...................... 19 

1.2.4 Benefits of Regulatory Counterfactual Thinking ................................................... 22 

1.3 Clinical Connections ....................................................................................................... 25 

1.3.1 Maladaptive Counterfactual Thinking ................................................................... 26 

1.3.2 Therapeutic Applications .......................................................................................... 30 

1.3.3 Summary of Clinical Connections ........................................................................... 34 



 

 

vii 

1.4 Future Clinical Applications for Counterfactual Thinking ....................................... 35 

1.5 General Discussion.......................................................................................................... 40 

2. Efficacy of counterfactual thinking as an emotion regulation technique ........................ 42 

2.1 Introduction ..................................................................................................................... 42 

2.2 Methods ............................................................................................................................ 46 

2.2.1 Participants ................................................................................................................. 46 

2.2.2 Procedure .................................................................................................................... 47 

2.2.3 Questionnaires ............................................................................................................ 50 

2.2.4 Data Cleaning and Analysis ..................................................................................... 51 

2.3 Results ............................................................................................................................... 52 

2.3.1 Behavioral findings .................................................................................................... 52 

2.3.1.1 Valence ................................................................................................................. 52 

2.3.1.2 Arousal ................................................................................................................. 52 

2.3.1.3 Detail..................................................................................................................... 52 

2.3.1.4 Regret.................................................................................................................... 53 

2.3.1.5 Source accuracy ................................................................................................... 54 

2.3.2 Behavioral analyses with continuous predictor variables ................................... 55 

2.3.2.1 Valence ................................................................................................................. 55 

2.3.2.2 Arousal ................................................................................................................. 56 

2.3.2.3 Detail..................................................................................................................... 57 

2.3.2.4 Regret.................................................................................................................... 57 

2.3.2.5 Source accuracy ................................................................................................... 59 



 

 

viii 

2.3.3 End question results .................................................................................................. 59 

2.3.3.1 Other influences on end questions ................................................................... 60 

2.4 Discussion......................................................................................................................... 62 

3. Phenomenology of counterfactual thinking is reduced in anxious individuals ............ 67 

3.1 Introduction ..................................................................................................................... 67 

3.2 Methods ............................................................................................................................ 69 

3.2.1 Participants ................................................................................................................. 69 

3.2.2 Procedure .................................................................................................................... 70 

3.2.3 Analysis ....................................................................................................................... 73 

3.3 Results ............................................................................................................................... 74 

3.3.1 Sensory detail .............................................................................................................. 76 

3.3.2 Composition ................................................................................................................ 76 

3.3.3 Emotion ....................................................................................................................... 77 

3.3.4 Intensity of emotion ................................................................................................... 78 

3.3.5 Imagine how you would have felt ........................................................................... 80 

3.3.6 Imagining the event ................................................................................................... 81 

3.3.7 Likelihood of event .................................................................................................... 82 

3.3.8 Perspective of simulations ........................................................................................ 83 

3.4 Discussion......................................................................................................................... 84 

4. Spatial Distancing Reduces Emotional Arousal to Reactivated Memories ..................... 89 

4.1 Introduction ..................................................................................................................... 89 

4.2 Materials and methods ................................................................................................... 90 



 

 

ix 

4.2.1 Participants ................................................................................................................. 90 

4.2.2 Stimuli .......................................................................................................................... 93 

4.2.3 Procedure .................................................................................................................... 94 

4.2.4 Questionnaires ............................................................................................................ 96 

4.2.5 Electrodermal Activity Measurement ..................................................................... 97 

4.2.6 Data Analysis .............................................................................................................. 97 

4.3 Results ............................................................................................................................... 99 

4.4 Discussion....................................................................................................................... 101 

5. Anxious individuals selectively recruit default mode network during recollection after 

episodic counterfactual thinking ............................................................................................. 104 

5.1 Introduction ................................................................................................................... 104 

5.2 Methods .......................................................................................................................... 109 

5.2.1 Participants ............................................................................................................... 109 

5.2.2 Questionnaires .......................................................................................................... 110 

5.2.3 Procedure .................................................................................................................. 110 

5.2.4 Scanning parameters ............................................................................................... 113 

5.2.5 Preprocessing and Analysis .................................................................................... 113 

5.3 Results ............................................................................................................................. 115 

5.3.1 Behavioral Analysis ................................................................................................. 115 

5.3.2 Recall-only PLS analysis ......................................................................................... 118 

5.3.3 CFT-only PLS Analysis............................................................................................ 122 

5.4 Discussion....................................................................................................................... 126 



 

 

x 

6. Conclusion: General Discussion and Future Directions .................................................. 135 

6.1 Chapter Summaries ...................................................................................................... 135 

6.2 Future Directions ........................................................................................................... 139 

References ................................................................................................................................... 142 

Biography .................................................................................................................................... 160 

 



 

 

xi 

List of Tables 

Table 1: Counterfactual detail and valence manipulations. .................................................... 3 

Table 2: Phenomenology Ratings .............................................................................................. 73 

Table 3: Activity from LV1. ...................................................................................................... 120 

Table 4: Activity from LV2. ...................................................................................................... 121 

Table 5: PLS LV3 results. .......................................................................................................... 126 

 

 



 

 

xii 

List of Figures 

Figure 1: An expanded model of counterfactual processing. .................................................. 4 

Figure 2: Links between counterfactual processing and the process model of emotion 

regulation. ..................................................................................................................................... 20 

Figure 3: Experimental methods outline. ................................................................................. 47 

Figure 4: Subjective ratings for the memories across testing sessions. ................................ 53 

Figure 5: Source accuracy by condition. ................................................................................... 55 

Figure 6: Arousal ratings as a function of trait anxiety level. Counterfactual thinking and 

temporal distancing show differences Session 1 and Session 3 ratings. .............................. 56 

Figure 7: Regret ratings as a function of participants’ trait anxiety. Counterfactual 

memories are especially affected by level of trait anxiety. .................................................... 58 

Figure 8: Counts of people choosing each technique for post-experiment questions. A) . 60 

Figure 9: Predicted probabilities of choosing a condition as most effective based on 

baseline participant reappraisal ability. ................................................................................... 61 

Figure 10: Interactions of anxiety level with initial memory ratings. The points depict the 

average rating per participant. .................................................................................................. 75 

Figure 11: Ratings for questions relating to composition by anxiety level. ........................ 77 

Figure 12: A summary of the emotion factor by condition. Upward counterfactuals are 

rated as more positive than remembered memories or downward counterfactuals. ....... 78 

Figure 13: Intensity during simulation of the event across anxiety level. ........................... 80 

Figure 14: How well can you imagine how you would have felt during this event? ....... 81 

Figure 15: Correlations between anxiety level and ratings to: “How likely is it that this 

event could have happened to you in the past?” .................................................................... 82 

Figure 16: Memories simulated in each condition from first and third person perspective, 

given participant anxiety level................................................................................................... 83 



 

 

xiii 

Figure 17: Experimental Design................................................................................................. 92 

Figure 18: Emotional Difference Scores per Group. ............................................................. 100 

Figure 19: Visual depiction of the experimental paradigm. Session 1 was completed in 

the laboratory, while Sessions 2 and 3 were completed in an fMRI scanner. ................... 112 

Figure 20: Relationship between anxiety level and change in valence across the 

experiment. ................................................................................................................................. 116 

Figure 21: Source accuracy across depression level, separated by condition. .................. 118 

Figure 22: Activity from LV1. .................................................................................................. 123 

Figure 23: Activity from LV2. .................................................................................................. 124 

Figure 24: Activity from LV3. .................................................................................................. 125 

 

 



 

 

xiv 

Acknowledgements 

Firstly, I would like to thank the Cognitive Neuroscience Admitting Program 

and the National Defense Science and Engineering Graduate Fellowship for their 

financial support through graduate school. Also, thank you to my advisors, Felipe De 

Brigard and Kevin LaBar. Your encouragement and guidance, excitement for each 

research project, and confidence in me truly helped me become a better scientist and 

person. Also, thank you to Roberto Cabeza and Zach Rosenthal for being supportive and 

insightful committee members and making me think more deeply about the projects I 

have proposed here. 

Also, thank you to all the wonderful undergraduates and lab managers who 

have helped me complete my research in a timely fashion. Brynn, Sarah, Alisa, Jason, 

Olivia, Jackie, and Greg, you all deserve a piece of this accomplishment as well. Thank 

you for your countless hours running my three session studies, coding interviews (over 

and over), and managing fMRI sessions. I couldn’t have done this without your help.  

Thank you to my wonderful lab mates, who have kept me laughing during the 

long days of work. Ellie, thank you for showing me the ropes and inspiring me to be a 

better researcher, even before I joined the lab. JP, it has been so helpful to have someone 

to go through this process of grad school with, from writing our first IRB to navigating 

graduation deadlines together. I hope you always love the fantastical, because you have 

been a superhero these past five years. Leonard, your crazy antics in lab have lifted me 



 

 

xv 

up on more than one occasion. Thanks for making me feel Strong as an OAK even when 

I feel like Everything is NOT Awesome. Dr. John, thank you for your peaceful presence 

in lab and your willingness to deal with my dumb questions with patience. You really 

are the glue that holds the lab together. Dan, thanks for being the person that would 

both help me procrastinate the most but also the one who would drop everything to 

help me with statistics questions. Greg, thank you for following me from one lab to 

another. You have really been the continuous thread through all my research, and I 

really couldn’t have done it without your support all these years. I will definitely miss 

our days of confiding in each other over long MRI sessions and fighting over who will 

bring the next oreo flavor into lab. Bryce and Paul, I’ve so enjoyed your humor, 

insightful conversations, and the seriousness mixed with quirkiness you both bring to 

the lab. It has been so helpful to attack the job market together. And Jackie, thank you 

for all your kindness and help with my fMRI studies!  

Thank you to the rest of the CCN community for their general camaraderie and 

warmth. A couple of special shout-outs—firstly, to my roommates, Dianna, Brenda, and 

Morgan—thank you for dealing with my rants at home, putting up with my dirty dishes 

when I was stressed, and generally being there to pick me up with board games or boba 

when the time called for it. Also, Ben, thank you for providing me with music, puppy 

cuddles, and hikes in the Eno whenever I was feeling down. Your friendship has been 

invaluable to me.  



 

 

xvi 

 I could not have gotten through graduate school without my choir lunch group. 

Nicole, Rossie, and Chien-Kuang, thank you for sharing your highs and lows with me 

each week and encouraging me to push forward through all the writing and research 

turmoil. More importantly, thank you for making the Chapel Choir a warm and 

welcoming home. And to the Chapel Choir at large, thank you for being a family that 

reminded me of the importance of work-life balance and fulfilled me with beautiful 

music these past 5 years.  

To all the gym buddies that have kept me motivated to exercise: Cindy, I still 

miss our many workouts, joking about how our arms were getting big while pushing 

each other to our limits. Thank you for turning me into a gym junkie. Jeff, thanks for 

encouraging me to try Spartan races, as they made me realize I am much more capable 

than I think I am. Xiao, Sam, and Alondra, thank you for making the gym a place of 

social support as much as exercise. I always come home from our workouts with a smile 

on my face. And to my O.G. climbing friends, thank you Dianna, JP, and Matthew for 

getting me into climbing and pushing me to do my best on the wall with confidence 

boosters, loud yelling, and aggressive complimenting.  

Jesse, thank you for showing me animal news when I was stressed, making Kit 

Cat nod disapprovingly when I was sad, and making sure I kept on track when I felt 

unmotivated. Having you by my side these past two years has made it so much easier 



 

 

xvii 

for me to undertake one challenge after another. Thank you for being the rock I could 

always lean on.   

Lastly, to my biggest fans: Mom, Dad, and Nihar. Thank you for being my 

constant support group. Your good vibrations, excitement to share my accomplishments 

with family and friends near and far, and advice about each step of the process are the 

main reasons I have gotten this far. Without your support and guidance, I would be half 

the woman I am today.  

 



 

1 

1. Introduction: Counterfactual thinking as an emotion 
regulation tactic 

1.1 Introduction to Counterfactual Thinking 

Best not to dwell on the past. Learn history so not to repeat it. These conflicting 

sayings highlight humans’ fixation with thinking about past events. People naturally 

and regularly recall prior happenings and analyze them, imagining ways in which they 

could have occurred differently. Known as counterfactual thinking, these simulations are 

often studied in the context of psychology and neuroscience to better understand how 

people process occurrences in their lives and how these thoughts shape their future 

actions, decisions, and perceptions (for a recent review see Byrne, 2016). In this review, I 

extend existing work by suggesting a more controlled application for counterfactual 

thinking—to regulate emotions.  

This review will focus on episodic, autobiographical counterfactual simulations, 

as these are the most susceptible to emotional consequences and have the most power to 

alter an individual’s affective state. Episodic counterfactual thoughts are also 

fundamentally different from other simulation types (De Brigard & Parikh, 2018), as 

they are past focused (as opposed to future simulations), require more episodic content, 

and are somewhat constrained by reality.  

Episodic counterfactual thinking can be split into three steps: creation of the 

counterfactual thought, processing of the counterfactual thought, and behavioral 

response as a consequence of the counterfactual thought (Figure 1). At each of these 
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stages, the counterfactual process can fork onto different paths, leading to different 

emotional and behavioral outcomes. I will first introduce the relevant background across 

these three partitions of counterfactual thinking before delving into the emotional 

aspects of each. These stages and their connections are displayed as a counterfactual 

process model (Figure 1) to demonstrate how the entire counterfactual process fits 

together. 

1.1.1 Counterfactual Creation 

The most important aspect of counterfactual creation is determining how the 

new, imagined scenario differs from reality. The outcome of this decision determines 

how the counterfactual is classified and will influence how the person is affected by later 

stages of counterfactual thinking. When creating a counterfactual thought, a person can 

alter the original memory by manipulating the number of details in the simulated event 

or the emotional valence of its outcome (Table 1). The first manipulation involves 

mentally adding or removing details from the original memories. For example, after a 

failed an exam, a student may think “I wish I had studied more.” In this additive 

counterfactual, the new content of studying more has been added to the original scenario. 

On the other hand, the student could wish they “hadn’t gone to the party the night 

before the exam,” a subtractive counterfactual, where existing information from the event 

has been removed. The second manipulation involves a change in the emotional valence 

of the scenario in comparison to the original event. Referred to as the counterfactual 
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thought’s direction, these manipulations include upward counterfactuals, where a person 

simulates a better scenario than the original event (e.g. If only I had studied more, then 

the test result would have been better), and downward counterfactuals, involving 

simulating a worse scenario (e.g. If I hadn’t woken up to my alarm, I would have been 

late to the exam). As is evident from the repeated example for additive and upward 

counterfactuals, detail manipulations and valence manipulations occur in tandem (see 

Table 1).  

 

Table 1: Counterfactual detail and valence manipulations. Each inner box 

contains a description of the combined manipulation as well as an example. In the 

examples, the italicized content represents the detail manipulation, whereas the 

underlined content represents the valence manipulation. 

Counterfactual 

manipulations 
Upward (Better than event) Downward (Worse than event) 

Additive 

 

(Adding new 

information) 

Adding information to the 

event to make it better. 

 

“If I had studied more, I would 

have gotten a better grade.” 

Adding information to make a 

worse version of the event. 

 

“If I had gotten stuck in traffic 

this morning, I would have been 

late to my exam.” 

Subtractive 

 

(Deleting 

existing 

information) 

Subtracting from the event to 

make it better. 

 

“I wish I hadn’t gone to that party 

last night, because then I could 

have gotten a better grade on 

my exam today.” 

Subtracting from an event to 

create a worse version. 

 

“If I hadn’t woken up to my 

alarm, I would have been late to 

my exam.” 

 



 

 

 

Figure 1: An expanded model of counterfactual processing. This model expands upon processing components of 

Markman and McMullen (2003) and response components of Epstude and Roese (2008). Arrows indicate all possible, rather than 

obligatory, pathways. White boxes indicate potential moderators and explanations for the associated path. See the text for a full 

explanation and motivation for each box.

4 
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Though these counterfactual manipulations are used in a variety of situations, 

there is some evidence suggesting that the specifics of the source memory may influence 

the type of counterfactuals more commonly created from it. For example, in a series of 

experiments, participants were presented with realistic events that they were told to 

imagine occurred to them a day ago or a year ago (in the temporal manipulation) or to 

themselves or to a stranger (in the social manipulation) and then were asked to create 

counterfactuals surrounding the event (Rim & Summerville, 2014). When participants 

imagined that an event occurred recently or to themselves, they tended to create more 

downward counterfactual thoughts than for temporally distant or socially far (another 

protagonist) events. In these latter cases, they created more upward counterfactuals than 

for more recent or personal events. Although the original event was imagined, these 

findings might inform how people choose which types of counterfactuals to create from 

a memory.  

1.1.1.1 Counterfactual Processing 

Counterfactual theorists have focused on how people process counterfactual 

thoughts. Markman and McMullen (2003) have proposed two ways that processing can 

occur, termed reflection and evaluation, in their Reflection and Evaluation Model (REM) 

of counterfactual thinking. We will start with a description of evaluation, as it has 

historically been the focus of counterfactual research. Evaluation models of 

counterfactual thinking, also known as contrast models, involve taking the newly 
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imagined scenario and comparing it to the original event. This comparison is largely 

conducted in terms of affect differences, so it is often put in the context of upward and 

downward counterfactual creation. If an upward (better) counterfactual thought is 

created, a comparison with reality would make the original situation seem worse. For 

example, in the case where the student imagines themselves studying more for an exam 

that they failed, the student might feel worse about their actual grade, as they are 

comparing it to what they could have gotten had they studied. On the other hand, a 

contrast with a downward (worse) counterfactual thought would make the original 

situation seem better. This emotional manipulation was the basis for the first functional 

theory of counterfactual thinking (Roese, 1997). According to Roese (1997), people create 

counterfactuals to either feel better about a situation or to determine a causal reason for 

the event’s occurrence. Specifically, Roese suggests that the regret or disappointment 

resulting from upward counterfactuals can help people realize where they made a 

mistake in order to plan accordingly in the future, and can motivate them to use the 

techniques they thought of when imagining a better alternative when a future situation 

arises. Conversely, the relief elicited after comparing downward counterfactuals to 

reality can be used to increase positive affect (see Figure 1: evaluate/contrast → 

Response Behavior).  

However, not all experiments showed support for the original functional theory. 

Some research found that the emotions elicited by upward and downward 
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counterfactuals sometimes flip in valence, i.e. downward counterfactuals made 

participants feel worse and upward counterfactuals made them feel better. This reversal 

occurs when people assimilate information from the counterfactuals into their 

understanding of reality, such as absorbing the negative emotions from a downward 

counterfactual, instead of contrasting it to reality (McMullen & Markman, 2002). In 

Markman and McMullen’s (2003) REM, assimilation is referred to as reflection. They 

suggest that people tend to naturally evaluate counterfactuals by comparing them to 

reality, but reflection can occur instead if self-relevant information is especially present in 

the counterfactual (see Figure 1: reflect/assimilate). If people connect to the alternative 

scenario, it becomes easier to assimilate information from that alternative scenario into 

their current mindset. In this manner, reflection and evaluation account for different 

mechanisms for counterfactual processing using affective assimilation and affective 

contrast, respectively.  

1.1.1.2 Counterfactual Response Behavior 

Counterfactuals have the potential to influence future behavior. Some 

counterfactuals include clear behavioral changes that can be implemented at the next 

opportunity. For example, for the student who failed an exam, wishing they had studied 

more generates a possible solution of studying more for a future exam. In this manner, 

creating counterfactuals can directly facilitate future use of the imagined behavior from 

the simulation. However, other counterfactuals guide actions in a more indirect manner. 
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For example, if our student imagined an alternative scenario where they had not gone to 

a party the night before the exam, they still may feel more motivated to begin studying 

earlier for the next exam. This response behavior is not clearly outlined in the 

counterfactual, but the emotion or mindset elicited from the upward counterfactual 

caused a concrete change in behavior nonetheless.  

To encapsulate these differences, Epstude and Roese (Epstude & Roese, 2008; 

Roese & Epstude, 2017) explain the effects of counterfactual thoughts as two separate 

pathways. The content-specific pathway allows the specific actions in people’s 

counterfactual thoughts to influence their behaviors, causing them to carry out the 

corresponding action. This pathway is dependent on the efficacy of the changes created 

in the counterfactual. The alterations must be controllable and thought to be causally 

linked to the outcome of the event. On the other hand, the content-neutral pathway is 

more flexible. In this pathway, the counterfactual thought puts people into a mindset, 

motivation, or state of self-inference to influence a behavioral change unrelated to the 

actual content of the counterfactual. While these pathways allegedly have different 

causal mechanisms, they can also work interactively to influence multiple future 

behaviors (see Figure 1: Response Behavior).  

1.1.1.3 Summary of the Counterfactual Process 

The process of counterfactual thinking progresses sequentially through the 

stages of creation, processing, and response. As created content is immediately 
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processed, the first two stages occur in quick succession, making them difficult to 

dissociate from each other. However, the occurrence of the third stage is variable and 

depends upon the chosen response pathway. Content-specific responses are restricted to 

the next occurrence of the specific situation imagined. If the original event is rare or 

infrequent, the behavioral results of the counterfactual may appear years later, if at all, 

while counterfactual thinking could have an immediate impact on frequently 

experienced events. The content-neutral pathway shows similar variability, despite its 

flexibility. The mindset or mood elicited by the counterfactual thought may have 

immediate effects on content-independent items, but they may also be event specific, 

like in content-specific responses. For example, in the case of the student failing a test, 

the counterfactual “I wish I had skipped the party the night before the exam” may lead 

to a motivation to pay more attention in class, which may take effect immediately. 

However, the behavioral response could also be that the student is motivated to begin 

studying earlier for the next exam. This latter behavior is tied to the event of a future 

exam, therefore making it more variable in its occurrence. These external variables make 

it difficult to assess and keep track of the full behavioral consequences of creating a 

counterfactual thought. Nonetheless, the three-step model of counterfactual thinking 

adequately summarizes and runs in parallel with the Stimulus-Organism-Response 

pattern (the environment influences an organism’s mood, which then causes behavioral 
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change) with which people interact with their environments (Mehrabian & Russell, 

1974). 

1.1.2 Emotion in Counterfactual Thinking 

Counterfactual thoughts are naturally deeply tied to emotion, and numerous 

theories and proposed uses of counterfactual thinking reflect this connection. This 

section will highlight emotional aspects of the common uses of and the theoretical 

support for counterfactual thinking.   

Counterfactuals are spontaneously generated more often to negative memories 

than to positive memories (Roese & Hur, 1997). In fact, the more negative the memory, 

the more people will create these spontaneous alternatives, indicating a differential 

effect even within a negative affective state. Moreover, the majority of spontaneous 

counterfactual thoughts created in response to a negative memory will be upward 

counterfactuals. Such patterns in activity indicate that affect is intrinsically involved 

with the process of counterfactual thinking.  

The affective properties of counterfactual thoughts have interested researchers 

for decades. Kahneman and Miller (1986) noticed that unusual or abnormal events 

elicited larger emotional responses than more normal ones, due to the ease with which 

counterfactuals could be created to alter the abnormal situation. To test what they 

termed the emotional enhancement hypothesis, they tested a series of scenarios to see 

which situations the participant expected to upset the protagonist more. As predicted, 
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participants attributed higher regretfulness to the character who performed exceptional 

or uncharacteristic actions, missed his flight by a little instead of a long time, and made a 

decision to act versus a decision not to act. All of these provided evidence for their norm 

theory, an idea suggesting that counterfactuals are created in the direction of the norm, 

and those that are further from the norm elicit higher regretful responses. Though their 

theory has been shown to have some flaws, Kahneman and Miller were accurate in 

recognizing differences in the way people elicit and react to counterfactual thoughts. 

Counterfactual thinking has traditionally been studied in decision science to 

illustrate how such thoughts and their associated emotions bias decision-making (e.g., 

Chua, Gonzalez, Taylor, Welsh, & Liberzon, 2009; Mellers, Schwartz, & Ritov, 1999; 

Zeelenberg et al., 1998). A typical counterfactual paradigm involves a forced decision 

task between two risky gamble options for a monetary reward. After the participant 

makes a choice, the actual reward amounts for one or both options are displayed. 

Because the participant can see the amount they won, the counterfactual of choosing the 

opposite option can bias their future decisions, especially when they make an extreme 

gain or loss or they see the forgone option is far better or worse than the chosen one. 

Depending upon the level of control the participant has in the outcome, participants 

report different emotional outcomes. In the paradigm above, this is manipulated by 

displaying one or both options, or having the computer randomly choose an option for 

them. After such a negative event, disappointment results from counterfactuals that 
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change the situation (e.g. I wish I had received a larger reward or I wish that the 

computer chose the other option), whereas regret is elicited by counterfactuals that alter 

the decisions performed in the original memory (e.g. I should have chosen the other 

option) (Zeelenberg et al., 1998). If a participant wins less money than they could have, 

they report feeling disappointment or regret, where the amount of feedback alters the 

level of control participants feel over the situation, and winning a lot elicits elation and 

contentment or rejoicing and relief (Chua et al., 2009). The elicited emotion influences 

how they choose future gambles; participants focus on either minimizing regret by 

choosing gambles where the worse outcome was not much worse than the better 

outcome of the other option, or minimizing disappointment by choosing the gamble 

with the smallest difference within its own gain and loss options (Camille et al., 2004).  

Experiments such as these were the basis for the aforementioned functional 

theory of counterfactual thinking (Roese, 1997), where the regret or relief caused by 

contrasting counterfactual thoughts to reality can influence future behaviors. Roese 

posited that the emotional aspect of counterfactual thinking is not simply a byproduct of 

simulating alternative events; it is a necessary aspect for future, desired behavioral 

change. Specifically, the regret or relief elicited by the counterfactual thought helps 

prepare a person for future preparation or immediate affect regulation, respectively. In 

support of this idea, Markman, Gavanski, Sherman, and McMullen (1993) found that 

after a losing round of blackjack, participants created more upward counterfactuals if 
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they knew they were going to play again, as if to prepare for the next round. Participants 

who thought it was the last round created more downward counterfactuals after losing, 

as if they were more interested in an affective boost. Since then, considerable evidence 

has further supported this theory (e.g., Byrne, 2016; C. G. Davis, Lehman, Wortman, 

Silver, & Thompson, 1995; Epstude & Jonas, 2014; Guttentag & Ferrell, 2004; Zeelenberg 

et al., 1998). For example, regret-avoidance behavior elicited by counterfactual thinking 

encouraged HIV positive men to practice safer sex in the future (Epstude & Jonas, 2014), 

and participants who felt regret created behavior-change counterfactuals that they then 

acted upon while participants who felt disappointment created situation-dependent 

counterfactual thoughts (Zeelenberg et al., 1998; see Byrne, 2016, for a larger set of 

examples supporting the first functional theory of counterfactual thinking).  

Much of the emotional response to a counterfactual thought occurs during the 

processing stage of counterfactual thinking, as this is where the event is assessed. In a 

review focused on mental simulation and affect, Sanna (2000) summarizes the reflection 

and evaluation model (REM) and its emotional and behavioral correlations. Sanna 

suggests that upward counterfactuals are viewed in a contrast framework when people 

have low self-efficacy or confidence but in an assimilation framework when people feel 

competent in their abilities. Downward counterfactuals are viewed from a contrast 

framework to promote optimistic outlooks and high self-esteem (see Figure 1: 

upward/downward → Processing). Downward counterfactuals that are assimilated help 
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prolong or maintain a negative state, so this may be indicative of worry or rumination. 

These results help explain the counterfactual effects of psychological distance found in 

the work from Rim and Summerville (2014), as differences in counterfactual distance 

may be caused by differing goals in each situation. When presented with events that 

occurred farther back in time, participants reported a larger desire to want to work on 

self-improvement, such as solving problems and preparing for the future, whereas  

participants reported being interested in self-enhancement, such as mood repair, when 

presented with events that occurred recently. From Sanna’s (2000) work, it seems that 

these goals may be mediating factors between distance of the event from the 

participant’s point of view and the contrast or assimilation framework taken during 

counterfactual generation.  

A recent adaptation of the functional theory of counterfactual thinking further 

defines the role of emotion in counterfactual simulations. By separating response 

behaviors into content-specific and content-neutral, Epstude and Roese (2008) provide 

an entire pathway that may be manipulated by emotional responses occurring during 

counterfactual processing. Though both pathways contain emotional consequences, the 

content-neutral pathway allows emotion to influence actions outside of the limits of 

what is specifically envisioned in the counterfactual thought. For example, the relief 

experienced after avoiding a worse outcome could spark the motivation required to 

continue avoiding the worse outcome in whatever ways possible. In this way, the 
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mindset or motivation that causes content-neutral behavioral change may rely on 

emotions elicited by the counterfactual.  

1.2 Counterfactual Thinking and Emotion Regulation 

By building theories and frameworks around the affective nature of 

counterfactual thought, researchers in philosophy, decision science, and psychology 

have shown that emotion is an integral aspect of this form of mental simulation. 

However, none of these applications or theories focus on whether one could utilize 

counterfactual thinking to actively and intentionally produce changes in emotional 

outcomes. Current applications of forced counterfactual thought are limited to usage in 

experimental paradigms to understand why naturally occurring counterfactual thoughts 

are created or have their associated consequences. I propose we shift the lens through 

which we view counterfactual simulations to include this added, intentional application. 

By focusing on its emotional aspects, we can hone counterfactual thinking to be a very 

effective and easy-to-learn form of emotion regulation. 

1.2.1 Introduction to Emotion Regulation 

In order to explore counterfactual thinking as an emotion regulation technique, it 

is useful to define what we mean by emotion regulation. As stated by Gross (1999): 

“Because virtually all goal-directed behaviour can be construed as maximising pleasure 

or minimising pain and thus affect regulatory in some broad sense it is important to 

prevent over-inclusivity by narrowing the focus to processes whose proximal function is 
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to regulate emotion” (p. 559). Thus, emotion regulation includes any processes whose 

main purpose is to change an emotional response. Gross further includes the 

clarification that such strategies can be conscious or unconscious attempts to alter one’s 

emotion. In this light, counterfactual thinking effectively alters emotion and may already 

be used without conscious intention for the purpose of affect regulation.  

Gross further splits emotion regulation processes into five strategy categories in 

his process model of emotion regulation (Gross, 1998, 2002). The five strategies are 

dispersed across the timeline of encountering, interacting, and responding to a stimulus 

(stimulus-organism-response model). Regulation can occur by selecting/avoiding a 

certain situation or stimulus, modifying the situation, directing attention towards/away 

from certain aspects of the situation, cognitively changing how one thinks of the 

situation, and modulating responses to the situation (see Figure 2). Each strategy can 

feed into and alter all following categories. Gross suggests that the first four strategies 

occur antecedent to the generation of an emotional response to the stimulus, while 

response modulation occurs after an emotional response. However, the generation of an 

emotional response can feed back and alter attentional and cognitive resources, allowing 

for more dynamic regulation usage. By reframing our view of counterfactual thinking to 

consider it a method of emotion regulation, we can begin to think of ways to 

characterize it under these categories and more effectively intentionally utilize this 

technique.  
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1.2.2 Counterfactual-Like Emotion Regulation Strategies 

Counterfactual thinking resembles existing canonical examples of emotion 

regulation. Many commonly studied cognitive emotion regulation techniques use 

imagination, which is a key component of counterfactual thinking. Thus, the creation of 

some emotion regulation techniques follows a pattern similar to those of counterfactual 

thinking—creation, processing, and response behavior—as these are key components of 

most simulations. One of the most well-known of the imaginative emotion regulation 

techniques, cognitive reappraisal, involves reframing the evaluation of a stimulus or event 

in order to alter its affective meaning (Gross, 1999). There are many forms of cognitive 

reappraisal, some of which heavily utilize imagination and simulation.  

Psychological distancing is an umbrella term for cognitive reappraisal tactics that 

include creating spatial, temporal, objective, or hypothetical distance between the person 

regulating and a stimulus (Denny & Ochsner, 2014; Powers & LaBar, 2019; Trope & 

Liberman, 2010). That is, to downregulate, or decrease, their emotional response, people 

could pretend that the stimulus is far away from them (spatial), that it happened a long 

time ago (temporal), that they are perceiving it from a detached, objective perspective 

(objective), or that the reality of this event is compromised and therefore it is less 

meaningful (hypothetical). These techniques can also be used to upregulate, or increase, 

the emotional responses to a stimulus by envisioning the items closer in location or time, 

or making the stimulus more relevant or real. All of these forms of distancing require 
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some degree of imagination and alteration of reality, making them especially pertinent 

to conversations about reframing counterfactual thinking as emotion regulation.  

Reinterpretation is another cognitive reappraisal strategy that is similar to 

counterfactual thinking because of its imaginative component. Reinterpretation occurs 

when a person reframes the current situation by changing the meaning of the event in 

order to change its affective significance (Denny & Ochsner, 2014). For example, if 

someone sees a person dying on a hospital bed, they could imagine that the patient is 

going to recover to positively change how they feel about the situation.  

Cognitive reappraisal has been shown as an effective way to downregulate self-

reported valence and arousal of negative and positive stimuli (e.g. Denny & Ochsner, 

2014; Kalokerinos, Greenaway, & Denson, 2015; Lazarus & Alfert, 1964; Webb, Miles, & 

Sheeran, 2012). It has been shown to lower skin conductance levels and facial 

electromyography responses when compared to simple watch conditions and other 

regulation techniques (Ray, McRae, Ochsner, & Gross, 2010; Wolgast, Lundh, & Viborg, 

2011), and it effectively decreases activity in the amygdala, an area implicated in 

heightened arousal (Buhle et al., 2014; Frank et al., 2014). There is also some work 

showing that reappraisal techniques have a beneficial memory component; reappraising 

a stimulus increases your recall for that stimulus at later testing (Dillon, Ritchey, 

Johnson, & LaBar, 2007). The similarities in mechanism between counterfactual thinking 
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and imaginative cognitive reappraisal techniques provides reason to test whether 

counterfactual thinking has similar emotional and mnemonic benefits.  

1.2.3 Counterfactual Thinking and Gross’ Emotion Regulation Model 

Though counterfactual thinking has similarities to cognitive reappraisal 

techniques, I believe it provides a more promising regulation structure than any of the 

individual reappraisal techniques. In a way, it subsumes reinterpretation and distancing 

techniques while adding in benefits of other emotion regulation strategies (Figure 2). 

Unlike the other emotion regulation techniques mentioned here, counterfactual thoughts 

can only be created after an event has occurred and the associated emotional responses 

have been generated, placing it in the category of response modulation strategies 

according to Gross’ process model (Gross, 1998, see Figure 2). Such a restraint gives this 

technique the unique opportunity to fill a necessary hole in emotion regulation. Some 

response modulation techniques, such as suppressing emotional responses to a stimulus, 

are not effective at regulating one’s own emotions (Webb et al., 2012). Counterfactual 

thinking can provide an additional effective emotion regulation method to use post-

event. It then utilizes attentional and/or cognitive regulation strategies through the 

regulation feedback process, allowing for multiple methods of emotional intervention.  

  



 

 

 

Figure 2: Links between counterfactual processing and the process model of emotion regulation. The expanded 

counterfactual process model is compared to Gross’ (1998) emotion regulation model to indicate potential similarities and 

processes utilized by counterfactual thinking. The red box suggests potential regulatory processes that may be at play during the 

counterfactual process. 
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To explain this further, let us refer back to the steps of counterfactual thinking 

and relate each to an associated emotion regulation step. When creating a counterfactual 

thought, a person must first construct alternative versions of the event. This simulation 

process acts in a manner similar to the antecedent-focused emotion regulation strategies 

situation selection and modification, where the individual now has control over what 

occurs in the simulation (Gross, 2002; see Figure 2: Creation → Putative Regulation 

Processes). By intentionally selecting a more preferable or useful situation to simulate, 

counterfactual thinking may allow an individual to gain the short-term benefits of 

avoiding other, unwanted situations or thoughts (Leary, 1986) without great amounts of 

effort (Webb, Lindquist, Jones, Avishai, & Sheeran, 2018). Furthermore, modifying the 

situation may allow the individual to perceive they are more in control (Rothbaum, 

Weisz, & Snyder, 1982).  

Furthermore, as noted above, the creation process is inseparable from the 

processing of the counterfactual, so people creating counterfactuals immediately 

continue on to process the counterfactual thought. In this stage, they will either reflect 

on the new version of the event or evaluate it in relation to reality, as laid out by the 

reflection and evaluation model (REM, Markman & McMullen, 2003). Each of these 

options can serve different regulatory functions (see Figure 2). In the evaluation case, the 

comparison between the counterfactual and reality will cause a shift in meaning of the 

original event in a manner similar to cognitive techniques such as reinterpretation. In the 
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reflection case, the counterfactual will focus attention away from the original event, 

acting in a manner similar to another effective regulation technique, distraction (Webb et 

al., 2012). Interestingly, reinterpretation and distraction are labelled as different 

categories according to Gross’s process model of emotion regulation (Gross, 1998). 

Distraction is a technique that is meant to alter the attentional resources employed 

during an emotional stimulus. By shifting attention elsewhere through distraction, 

people can avoid and thus decrease their emotional response to the stimulus. On the 

other hand, cognitive reappraisal, which includes reinterpretation, is a technique that 

causes a cognitive change to the way the stimulus is processed. In reinterpretation, this 

change manifests as a new way of interpreting the meaning of the situation. In this way, 

counterfactual thinking can utilize multiple levels of regulation in the process model of 

emotion regulation (Gross, 1998), making it more flexible in its usage. If honed well, 

counterfactual thinking could then serve as a single technique that can be utilized for a 

multitude of situations.   

1.2.4 Benefits of Regulatory Counterfactual Thinking 

There are additional emotional benefits and applications of counterfactual 

thinking above and beyond those in existing emotion regulation techniques. Firstly, it is 

a largely ubiquitous, natural occurrence, so training in counterfactual thinking would 

involve teaching people which counterfactual thoughts to use, not how to create these 

simulations. Furthermore, according to the revised functional theory of counterfactual 
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thinking (Epstude & Roese, 2008), counterfactuals that are evaluated using a content-

neutral pathway can change a person’s outlook, and that can then affect unrelated 

behavior. For example, a counterfactual thought could put people into a specific mindset 

or motivate them to prepare for a similar future event. Research on counterfactual 

mindsets have uncovered two different mindsets elicited by counterfactual thinking that 

influence future behavior (see Figure 1: additive/subtractive → content-neutral). If 

people create counterfactuals that are additive, or that add information to the original 

event, they perform better at subsequent creative tasks, such as naming uses for a brick. 

On the other hand, creation of subtractive counterfactuals, where event information is 

mentally removed, leads to better results on following analytical tasks, such as 

evaluating a syllogism, where relationships between task relevant stimuli are important 

(Markman, Lindberg, Kray, & Galinsky, 2007). Since additive and subtractive 

manipulations can be made in conjunction with upward and downward counterfactual 

creation, intentional usage of emotional counterfactual thinking can factor in whether 

creativity or analytical thinking may be more useful given the situation.  

Counterfactuals also motivate future promotion or prevention (Roese, Hur, & 

Pennington, 1999). Specifically, an inability to promote positive future events leads to 

more additive counterfactual thoughts, and an inability to prevent negative future events 

leads to more subtractive counterfactual thoughts, as these will help change future 

behavior appropriately (see Figure 1). Furthermore, counterfactual thinking also alters 
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the meaning of the stimulus (Kray et al., 2010) and increases people’s feeling of control 

over the situation (Nasco & Marsh, 1999), suggesting that the counterfactual thought 

might alter their frame of mind so that they are more self-assured and confident. Thus, 

counterfactual thinking would not only affect immediate emotional states; it could also 

pave the way for further change, including preparatory action, creativity, or further 

regulation usage.  

In this manner, counterfactual thinking can be used in conjunction with other 

emotion regulation techniques, where the simulation puts people in a mindset that 

makes them more receptive to emotional changes. If a person feels plagued by a 

memory that is difficult to confront directly, it would be difficult to perform any form of 

emotion regulation that requires accessing and working with the memory itself. Instead, 

the person may benefit from creating a counterfactual simulation first. For example, 

creating a counterfactual alternative of how a mass shooting could have gone may give a 

survivor the courage to face the traumatic memory directly at a later date. This exercise 

could give them the extra feeling of control or assurance needed to access the original 

event itself, opening it up to other forms of emotion regulation. By combining 

counterfactual thinking with other emotion regulation techniques in this manner, this 

technique could be especially effective at bringing about change in emotional responses.  
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1.3 Clinical Connections 

Disordered emotion regulation is a symptom of many mental disorders (Aldao, 

Nolen-Hoeksema, & Schweizer, 2010). Perhaps relatedly, disordered counterfactual 

processing is indicative of or correlated with many mental disturbances. In fact, 

increased attention to counterfactual events has been associated with pathologies such 

as anxiety, depression, and post-traumatic stress disorder (PTSD) (Nolen-Hoeksema, 

2000; Rachman, Grüter-Andrew, & Shafran, 2000; Roese et al., 2011; Roese, Park, 

Smallman, & Gibson, 2008). By learning more about the protective qualities of 

counterfactual thinking, we can better understand how to combat these widespread 

features of mental disorders.  

Rumination and worry are two counterfactual-like symptoms of psychiatric 

disorders that focus on abstract, perseverative thoughts. They are highly correlated 

(Watkins, Moulds, & Mackintosh, 2005) but refer to slightly different processes. 

Rumination specifically refers to repeatedly focusing on negative aspects, causes, and 

consequences of a past event (Nolen-Hoeksema, Wisco, & Lyubomirsky, 2008), while 

worry involves a chain of thoughts that focus on uncontrollable and unpredictable 

negative future outcomes of events (Borkovec, Robinson, Pruzinsky, & DePree, 1983). 

Rumination has traditionally been tied to depression but has also been shown to be a 

component of eating disorders, drug abuse, anxiety, and PTSD (Mitchell, Contractor, 

Dranger, & Shea, 2016; Nolen-Hoeksema, 2000; Nolen-Hoeksema et al., 2008). 
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Rumination has four main mechanisms of pathology maintenance: it enhances negative 

thinking or a depressed mood, interferes with problem solving, reduces social support, 

and decreases important behaviors that would get people out of their situation (Nolen-

Hoeksema et al., 2008). It also increases cognitive inflexibility, as demonstrated by an 

inability to switch rules and trouble maintaining groups in the Wisconsin Card Sorting 

Task (R. N. Davis & Nolen-Hoeksema, 2000).  

Worry focuses more on future thinking and is an important component of 

anxiety disorders (Nolen-Hoeksema et al., 2008). However, worry is also associated with 

other disorders; for example, worry strongly predicts generalized paranoid thinking 18 

months after first assessment in people with existing mental disorders or at risk for 

developing one (Freeman et al., 2011) and is linked to depressive symptoms (Muris, 

Roelofs, Rassin, Franken, & Mayer, 2005), though some of this correlation may be 

explained by the high co-morbidity of depression and anxiety. Reported worry also 

negatively affects visuospatial executive tasks (Crowe, Matthews, & Walkenhorst, 2007), 

suggesting a higher and more complex level of cognitive impairment than a simple 

verbal process.  

1.3.1 Maladaptive Counterfactual Thinking  

Counterfactual thinking can be thought of as a contributor to rumination and 

worry, even though by itself, it is not perseverative or necessarily negative. In healthy 

populations, simulation and repetitive counterfactual thoughts have beneficial effects on 
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emotion and behavior. De Brigard, Szpunar, & Schacter (2013) asked participants to 

create a novel counterfactual alternative to an autobiographical memory and imagine it 

multiple times across an experiment. Repeating the same counterfactual thought 

multiple times reduced the perceived probability of the alternative event occurring but 

increased the valence of the counterfactual, making it appear more positive. These 

results held regardless of whether the counterfactual was a downward counterfactual to 

a positive memory, an upward counterfactual to a negative memory, or neutral 

counterfactual to a neutral memory. The valence increase correlates with what we might 

expect given the distancing literature: the reduction of reported probability corresponds 

with a decrease in the reality, or hypothetical distance, of the counterfactual simulation 

(Trope & Liberman, 2010), which should reduce its emotional effect. In a sense, in 

healthy populations, repeating a counterfactual may act as a way to decrease the effects 

of a negative counterfactual thought.  

However, counterfactual thinking specifies a type of thinking that feeds into 

thought patterns representative of both worry and rumination. For example, subjects 

who had recently experienced the sudden death of a spouse or child and who created a 

larger number of counterfactual thoughts about the event reported higher stress in their 

lives following the trauma (C. G. Davis et al., 1995). At first glance, this runs contrary to 

De Brigard and colleagues’ (2013) work that studies repeatedly focusing on 

counterfactual thoughts. However, the stress-inducing results of counterfactual thinking 
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might be specific to either disordered thinking or highly emotional, stressful events. In 

addition, De Brigard et al. (2013) only looked at the repetition of the exact same, novel 

counterfactual and the effects of repetition on its valence, not the participant’s mood. By 

repeating a single counterfactual thought, people may still have the opportunity to 

process it and respond accordingly. On the other hand, if people create multiple 

different counterfactuals, they may never reach the response stage of counterfactual 

creation, counteracting the positive byproducts of situational control, problem-solving, 

and reduced probability of the alternative scenario. Studying the differences between 

rumination-like counterfactual thoughts and average repeated counterfactual thoughts 

can help answer questions about differential processing in these situations.   

The maladaptive effects of counterfactual thinking also seem to depend on the 

type of counterfactual created. Women who were getting treatment for recurrent 

miscarriages were asked to generate counterfactual thoughts that they had had after 

their most recent miscarriage (Callander, Brown, Tata, & Regan, 2007). The authors 

assessed participants’ responses based on the types of counterfactuals created, the total 

number they reported (counterfactual fluency), the amount of time they spent thinking 

about them (frequency), and how long the thoughts tended to last (duration). They found 

a positive correlation between the number of upward counterfactuals listed and the level 

of anxiety of the patients. In addition, anxiety was also positively correlated with the 

fluency, frequency, and duration of the counterfactual thoughts, while depression scores 
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were positively correlated only with their duration. Similarly, a sample of people that 

were injured from terror attacks were assessed for their usage of counterfactuals and 

how this related to their PTSD symptomology and levels (Gilbar, Plivazky, & Gil, 2010). 

Participants with PTSD created more counterfactuals of all types compared to the below-

PTSD threshold control group, but the use of upward counterfactuals in the PTSD group 

was also correlated with low social support and emotion-based coping strategies such as 

alcohol and mental disengagement, with a greater number of upward counterfactuals 

linked to lower support and coping.  

A lack of counterfactual generation or inability to process the emotions from 

counterfactual thoughts may also contribute to emotion dysregulation in 

psychopathology. People with schizophrenia create fewer counterfactuals in response to 

negative events in their lives than a cognitively-matched sample without the disorder, 

indicating that the result cannot simply be explained by a general cognitive deficit 

(Hooker, Roese, & Park, 2000). Instead, this result may be explained by a general lack of 

self-insight or a disconnect between affect and cognition in schizophrenia. These 

patients also had trouble recognizing how other people would create counterfactuals. 

They were given two characters that faced slightly different regretful scenarios and were 

asked which character would feel more regretful, ruminate more, or avoid similar future 

situations. Control and pilot participants answered these questions based on norm 

theory, which states that actions with unusual outcomes are more likely to elicit 
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counterfactual thoughts, because it is easier to imagine a way to alter an unusual 

situation than it is to change a regularly occurring one (Kahneman & Miller, 1986). 

Contrarily, schizophrenic patients responded as if they were choosing randomly. This 

ability, called counterfactual inference, mediated the effects between schizophrenia and 

social functioning. Two studies further clarified the role of counterfactual thinking in 

social dysfunction: if forced to think about counterfactual thoughts, people with 

schizophrenia have trouble translating these to future behavioral intentions (Roese et al., 

2008), but when given intentions, they can implement them when the appropriate 

situation arises (Brandstätter, Lengfelder, & Gollwitzer, 2001).  

1.3.2 Therapeutic Applications  

Since maladaptive counterfactual thinking seems to be associated with 

pathology, how can we use also use it to ameliorate some of these symptoms? We can 

gain some insight by looking at emotion regulation in clinical contexts. To combat the 

emotion dysregulation found in many psychiatric disorders, elements of emotion 

regulation can be found in various types of therapy, including cognitive behavioral 

therapies, mindfulness therapies, and psychodynamic therapies (Bateman & Fonagy, 

2006; Beck, 2005; Galovski, Wachen, Chard, Monson, & Resick, 2015; Linehan & Dexter-

Mazza, 2007; Shedler, 2012). Enhancing emotion regulation ability can potentially 

combat the negative effects of mental disorders. For example, cognitive reappraisal 

ability moderates the number of depressive symptoms displayed by women under high 



 

31 

stress (Troy, Wilhelm, Shallcross, & Mauss, 2010). For a summary of other emotion 

regulation clinical deficits and methods to address them, see the review by Berking and 

Wupperman (2012). 

Counterfactual simulation provides a potentially adaptive form of self-reflection 

that can directly counteract ruminative and worrying tendencies. Because of its wide-

spread effects, it can also serve as both an emotion-focused and a problem-focused 

adaptive coping strategy (Nolen-Hoeksema et al., 2008). Because counterfactual thinking 

has affective (largely during counterfactual processing) and response outcomes, it can 

serve the dual purpose of regulating and changing behavior for the future with one 

technique. This feature of counterfactual thinking could potentially expedite the 

therapeutic process and reduce the burden on patients and clinicians.  

Some researchers and clinicians are already trying to implement counterfactual 

based changes in clinical applications. Epstude and Jonas (2014) trained HIV-positive 

men to create counterfactual thoughts to come to terms with their condition. The authors 

found that though this activity made participants feel more regretful about their actions 

immediately after creating the counterfactual, they also planned to take more 

responsibility for future sexual activity than those who did not create counterfactual 

thoughts, utilizing the problem-solving benefits of counterfactual thinking. In another 

study, participants who classified as worriers were first asked to ruminate on three 

personally relevant worries and then were trained in counterfactual reasoning, 
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involving imagining positive alternatives for future events that caused them worry 

(Thompson, Mason, & Montgomery, 1999). After four sessions using this procedure on a 

variety of worrying situations, ratings on four questionnaires pertaining to worrying 

and pessimism were significantly reduced in the training group. However, reductions of 

the intrusiveness of negative thoughts only reduced after three or four sessions, 

indicating that counterfactual reasoning may take a longer time to benefit some aspects 

of worrying than others.  

Counterfactual thinking has been shown to have beneficial effects for people 

with depressive symptoms, but the effects seem to be dependent upon depression level. 

In one study, participants were asked to create counterfactuals to a repeatable negative 

event that they experienced (Markman & Miller, 2006). People with low to moderate 

depressive symptoms created mostly counterfactuals for parts of the event that they 

could control, and their end-of-study feeling of control over the event was mediated by 

the percentage of controllable counterfactuals they made, mirroring the results from 

Nasco and Marsh (1999). However, patients who scored as having severely depressed 

symptoms created a higher proportion of counterfactual thoughts about uncontrollable 

aspects of the event, and their counterfactuals were more based on changes in personal 

character than on actions leading to the event. Furthermore, the proportion of 

controllable counterfactual thoughts out of all counterfactuals created negatively 

correlated with perceived control of the situation at the end of the study for the high 
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severity group, where a higher proportion of controllable counterfactuals actually 

lowered the level of control they felt they had. Thus, it seems as though the effects of 

upward counterfactuals are different based on level of depression, and these should be 

further studied in a clinical sample. These results lie side by side with work highlighting 

discrepancies in the effectiveness of emotion regulation on people with different levels 

of depression, where distraction is more effective than thinking of happy memories for 

people with high levels of depression (Joormann, Siemer, & Gotlib, 2007).   

A form of counterfactual thinking, called imagery rescripting, is a burgeoning 

technique that has been used to treat all types of psychiatric disorders, from mood to 

personality disorders (Arntz, 2012; Morina, Lancee, & Arntz, 2017). This method 

involves taking a memory, often one that is intrusive or traumatic, rescripting the story 

to have a more positive outcome, and actively visualizing or imagining this change. The 

method was created as a way to combat traumatic memories. Clinicians believed that 

traumatic memories are more verbal than other episodic memories, rendering them 

inaccessible to emotional change, which require visual processing to take full effect 

(Smucker, Dancu, Foa, & Niederee, 1995). Since patients did not want to access the 

aversive memory itself, rescripting allowed them to visualize the scene while avoiding 

the trauma. This procedure then makes the patient more receptive to future treatment. 

Imagery rescripting has been shown to have successful results when other forms of 

cognitive and imagery-based therapies have failed. However, there are many questions 
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that remain to be answered about the process and efficacy of imagery rescripting (Arntz, 

2012). Many of the reported success stories are from case studies or small samples 

without proper control groups. In some cases, the rescripted story is provided to the 

patient, while in others, the patient creates it themselves, but these methods have not yet 

been compared against each other or against existing emotion regulation therapy 

methods. Arntz (2012) finds that imagery rescripting has only been used in cases where 

there is an obvious aversive memory to target, though the applications for it may be 

more generalizable. For these reasons, clinical applications of counterfactual thinking 

need to be further explored and studied in controlled environments. 

1.3.3 Summary of Clinical Connections 

Counterfactual thinking holds similarities to worrying and rumination, processes 

that pervade many psychiatric disorders, especially anxiety and depression. Not all 

counterfactual simulation or repetition leads to disordered thinking, but when paired 

with high stress or disordered thinking, counterfactual thinking can lead to higher stress 

levels and more anxious and depressive symptoms. Psychopathology can also be linked 

to a reduction in counterfactual thinking, suggesting that having some counterfactual 

thoughts may be beneficial for processing events. Existing work in imagination in 

therapy focuses on problem solving strategies, reduction of worry and depressive 

symptoms, and accessing otherwise difficult to reach aversive memories. However, the 
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field lacks the controlled, targeted, and methodical studies that are necessary to make 

full use of this flexible and exciting mechanism.  

1.4 Future Clinical Applications for Counterfactual Thinking 

Now that we have reframed counterfactual thinking as an emotion regulation 

technique, we can begin thinking of new ways in which the technique can be put to use. 

By further studying mental simulation and its relation to emotion, we can begin to 

understand why people with mental disorders perseverate on events and their 

counterfactuals, especially ones that bring about negative emotions. An interesting 

future question is whether people who struggle with mood and anxiety disorders use 

different frames of mind to extract meaning from their counterfactual thoughts. For 

example, people who have a tendency to worry may always assimilate their downward 

counterfactuals, thus feeling worse when they think about worse outcomes. Or, people 

with anxiety disorders may create more upward counterfactuals that they contrast with 

reality, creating a constant source of stress in their lives. These differences might give us 

insight into why each disorder manifests in different ways, despite the common 

symptom of a general increase in counterfactual thoughts. 

A good example of the differences in response to counterfactual thinking can be 

found in a study involving antisocial populations. Using a version of the canonical 

gambling paradigm used to study counterfactual-induced behavior in decision science, 

Hughes, Dolan, & Stout (2014) tested the regret and relief reported by incarcerated and 
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non-incarcerated participants and how their reported emotion varied based on their 

levels of psychopathy. Interestingly, people who scored higher on psychopathy traits 

still reported as much regret and relief as those who were lower on the scale, and they 

chose gambles to avoid regret in a manner similar to their lower scoring counterparts. 

However, participants with higher scores on the antisocial behaviors and lifestyle 

characteristics factor from the psychopathy questionnaire had a harder time choosing 

options that would minimize disappointment than lower scorers. Regardless of 

psychopathy level, incarceration was associated with a lower level of reported regret, 

suggesting that either people who commit crimes share a similar trait that is linked to 

lower responsiveness to negative events, or that the experience of being in prison 

reduces responses or increases regulation to negative events. In fact, a more recent study 

on regret in psychopathology showed that regret sensitivity interacted with 

psychopathy level to influence incarceration rate, such that for individuals with low 

regret sensitivity, psychopathy positively correlated with incarceration rate. But in 

people with high regret sensitivity, psychopathy did not correlate with incarceration 

rate (Baskin-Sommers, Stuppy-Sullivan, & Buckholtz, 2016). Nonetheless, these findings 

provide impetus to further study how prisoners react to counterfactual thinking, as they 

are largely able to harness the preventive, future-planning lessons from upward 

counterfactuals without being affected as much by the associated regret that comes with 



 

37 

the counterfactual comparison. It would be interesting to see if levels counterfactual 

thinking mediated recidivism rates in this group.  

Even within a single group of people, a specific type of counterfactual thinking 

may have different effects depending upon the severity of the disorder. We see this 

effect in the emotion regulation literature. For example, Joormann et al. (2007) showed 

that distraction is beneficial for all people, but thinking of happy thoughts is only a 

beneficial technique for people with mild or no history of depression. Similarly, highly 

depressed groups feel less in control of a negative event after they create counterfactual 

alternatives to it, while people with low levels of depression do not show this effect 

(Markman & Miller, 2006). These differences could make it difficult to understand 

disorders at a disease categorical level. However, the variability of counterfactuals 

allows us to tailor this technique to individual concerns and Research Domain Criteria 

(RDoC) dimensions. For example, since counterfactuals can be either reflective or 

evaluative in nature, people suffering from extreme major depressive disorder can be 

instructed to reflect on their counterfactual thoughts to distract them from the current 

situation instead of focusing on what occurred through contrast mechanisms.   

In the context of clinical benefits, elements of counterfactual thinking can be 

incorporated into existing therapy methods to enhance or individuate treatment plans. 

Counselors can use counterfactual thoughts to begin a regulatory process and 

simultaneously put their clients into a mindset that would make them more receptive to 
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other emotion regulation techniques. While regulating emotions with counterfactual 

thinking, clients can be encouraged to use content-specific processing to plan ways to 

attack problems in their lives, or content-neutral processing could motivate clients to 

begin creating plans that prevent future occurrences of similar events. Victims of trauma 

can begin to come to terms with what occurred by using counterfactual thinking to 

heighten meaning, control, and positive consequences of their situations without 

reliving their trauma directly. Because counterfactual thinking can produce an 

assortment of emotional outcomes, clinicians have room to adapt appropriate flavors of 

mental simulations into their specific style of therapy. 

Counterfactual thoughts are also intrinsically tied to a specific event that 

occurred, giving them the potential to change the actual stored memory. Work in an 

emerging area called memory reconsolidation has shown that by partially reminding 

people of an event, the associated reactivated memory enters a labile state and, for a 

period of time, can be manipulated before it is consolidated again (Agren, 2014). 

Counterfactual thinking and memory reactivation share a common core network of 

brain activity (Benoit & Schacter, 2015; De Brigard, Addis, Ford, Schacter, & Giovanello, 

2013; Hassabis & Maguire, 2009), and some of the key features of the counterfactual will 

be pulled directly from details about the event, such as the main characters and setting. 

These commonalities give the counterfactual thought the potential to act as a partial 

reminder of the memory itself, potentially putting the memory into a malleable state. If 
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people then focus on the emotional changes that occur during the counterfactual, it is 

possible that these emotions will also influence the original memory. This technique 

could prove extremely useful in therapy (Lane, Ryan, Nadel, & Greenberg, 2015), 

especially for treatment of phobias, trauma, and other anxiety provoking scenarios.  

Markman and Miller (2006) inadvertently found a reconsolidation-like result in 

their experiment. People generally felt better about a negative event in their lives after 

creating counterfactual thoughts about it, though this effect was milder for people who 

had severe depressive symptoms. In fact, reconsolidation with counterfactual imagery 

(specifically imagery rescripting) was used successfully by Kindt and van Emmerik 

(2016) to treat a patient with PTSD. The authors establish that an important aspect in 

destabilizing a memory includes creating a prediction error during reactivation (what I 

refer to as a partial reactivation above) and use this as a criterion to continue with 

therapy. In order to bring about a prediction error, the clinicians sometimes use a 

counterfactual scenario to evoke a discrepancy between the actual event and the 

reactivated memory. If the clinician believes that the imagery has evoked enough of a 

mismatch from reality, thus putting the memory in a labile state, the patient is given an 

injection of propranolol, a beta-adrenergic antagonist that prevents protein synthesis 

necessary for memory formation. Thus, the newly unstable traumatic memory is unable 

to be properly restored. This technique appears to effectively reduce PTSD symptoms up 

to months after the treatment. In their response to Lane et al. (2015), De Brigard and 
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Hanna further explain the benefits of using counterfactual thinking as a memory 

modifier. However, they only focus on counterfactual thinking as mechanisms of 

contrast to reality. By incorporating some of the unique solutions for counterfactual 

change described above, we may see even more success in using counterfactual thoughts 

as a mechanism for eliciting memory reconsolidation.  

1.5 General Discussion 

Counterfactual thinking can easily be employed to serve an explicit role as an 

emotion regulation technique, because of its intrinsic tie to emotional valence, 

spontaneous creation, and similarity to existing imaginative emotion regulation 

techniques. Reframing counterfactual thinking in this way opens the door to several 

therapeutic applications. More research in this area can provide insights into why many 

mood and anxiety disorders involve or are correlated with disordered counterfactual 

creation. Adding to models of problematic counterfactual processes can provide 

clinicians with an idea of where along the imagination process to focus their therapy 

methods. By studying the individual differences of counterfactual usage within and 

between mental disorder categories, clinicians can manufacture unique treatment plans 

based on the many varieties of counterfactual thinking and its frameworks.  

The variability of counterfactual thinking is its strongest selling point. It can be 

used both to regulate emotion and prepare for future scenarios, serving an immediate 

and preventive role. Counterfactuals can be utilized by themselves or as a stepping 
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stone to other treatment techniques, as they can also introduce people to more open 

mindsets. Training in proper counterfactual regulation would simply involve teaching 

people to become aware of the types of counterfactual thoughts they already create and 

then consciously focusing on creating ones that are more effective for their situation. 

With more research in collaboration between philosophers, psychologists, and 

neuroscientists, counterfactual thinking can be further developed as an emotion 

regulation technique. The applications are vast and unexplored, with important 

implications for long-lasting and effective therapeutic change.  

This dissertation begins to explore the effects of intentional counterfactual 

thinking as an emotion regulation technique. Through direct comparison to other 

emotion regulation techniques, tests in college and community samples, and behavioral, 

physiological, and neural measures, we attempt to better understand whether 

counterfactual thinking can be effective in an applied context.  
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2. Efficacy of counterfactual thinking as an emotion 
regulation technique 

2.1 Introduction 

Counterfactual thinking (CFT) is a natural process where people create 

alternative versions of occurred events as a way to process what has happened. For 

example, after doing badly on an exam, a student might find themselves wondering 

what may have happened if they had spent more time studying.  Despite the possibility 

of feeling regretful or disappointed in the moment, this process of imagining how things 

could have gone better, or creating an upward counterfactual, can help the student 

prepare for the next exam they may have, where they can implement the strategies that 

could have led them to a better outcome (Epstude & Roese, 2008; Roese & Epstude, 

2017). 

CFT can also serve a mood repairing function. For example, after a minor car 

accident, a person may realize that they could have been seriously injured if things had 

gone worse, and this may bring them relief that it was, in fact, not so bad. Thus, by 

comparing reality to a worse alternative, or creating a downward counterfactual, the 

person manages to put the accident in perspective in a way that allows them to process 

what occurred (Epstude & Roese, 2008; Markman et al., 1993; Roese & Epstude, 2017).  

Though these functional properties of CFT have been well established, there is a 

dearth of work examining the mechanisms and relative effectiveness of CFT’s emotion 

regulation abilities. Some work has investigated the immediate effects of counterfactual 
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mood repair (Roese & Olson, 1997) as well as the motivational properties of downward 

CFT that leads to improved affect (McMullen & Markman, 2000; Sirois, 2004), where 

people who have less motivation to alter future behavior or prefer to procrastinate will 

create more downward counterfactual thoughts. However, these do not quantify the 

strength or length of the affect regulation following downward CFT. In this study, we 

are particularly interested in whether the mood repair following CFT is strong enough 

to affect how participants feel about the associated memory twenty-four hours later. 

Using subjective measurements, we asked participants to assess their emotional 

response to an event memory before and after downward counterfactual simulation to 

quantify the lasting emotional effects of downward CFT creation.  

One recent study exploring long-lasting emotional effects of CFT on its 

associated memories yielded mixed results (De Brigard, Hanna, St. Jacques, & Schacter, 

2018). Participants created upward counterfactuals, downward counterfactuals, or 

attentively recalled their positive and negative memories in two experiments. Each 

memory was rated on valence, arousal, and detail prior to manipulation as well as post 

manipulation, and these ratings were compared across the experiment. In the first 

experiment, participants only created simulations once, but in the second experiment, 

they thought of the same counterfactual three times. The authors found that though both 

upward and downward counterfactual thinking increased valence of negative memories 

in Experiment 1, only downward CFT significantly increased negative memories’ 
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valence in Experiment 2. Furthermore, attentively remembering -- which required 

participants to focus on a salient aspect of the memory such as a sign on the wall or a 

smell -- outperformed both CFT techniques at increasing valence for negative memories. 

Thus, this study showed that though CFT may effectively reduce the negative affect of 

memories, it may not be the most effective technique to use for this purpose. 

One issue with this prior study is while attentive remembering serves as a good 

control for simulation effort, it also functions in a manner similar to the emotion 

regulation technique of distraction, which asks participants to focus away from the 

emotional aspects of a stimulus to modify emotional response (Gross, 1999; Todd, 

Cunningham, Anderson, & Thompson, 2012). Though the authors also included a 

baseline condition involving no memory reactivation, this condition does not serve as an 

ideal control as it does not account for number of reactivations between pre- and post- 

rating measurement. Furthermore, by using positive and negative memories in a 

randomized design, it may be difficult to isolate whether the effects seen on negative 

memories are independent of the inclusion of positive memories, whose emotions may 

bleed into subsequent trials (Greenwald, 1976; Suls, Green, & Hillis, 1998). Thus, the 

current study focuses solely on negative memories and includes a passive recollection 

condition as a control condition.  

To serve as another control, we also included a comparison of a regularly utilized 

emotion regulation technique: temporal distancing (Powers & LaBar, 2019). When using 
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temporal distancing, people are asked to think of the event from the distant future. In 

doing so, they are made aware of the impermanence of the stressor, allowing them to 

detach themselves emotionally from the event (Bruehlman-Senecal & Ayduk, 2015). This 

technique serves as a good active control because it is easily used on autobiographical 

memories, is also a form of cognitive reappraisal and requires some physiological effort 

to perform (Sheppes, Catran, & Meiran, 2009), and is effective at modifying responses to 

acute stressors in everyday life across individuals (Bruehlman-Senecal, Ayduk, & John, 

2016).  

In the current study, participants recalled their negative, regretful memories and 

rate them on a variety of phenomenological measures. They then simulated these 

memories using either passive recollection, downward CFT, or distant-future temporal 

distancing. We chose downward CFT instead of upward CFT as the former is naturally 

utilized for mood enhancement. Participants are later asked to recall and re-rate all the 

memories. They were also asked to recall which simulation they created for each specific 

memory. We expected that both CFT and temporal distancing would increase reported 

valence and decrease reported arousal and regret of memories more than passive 

remembering. Furthermore, we expected CFT to be better remembered than temporal 

distancing and passive remembering, as it must be specifically crafted for each memory 

(Denny & Ochsner, 2014). Conversely, we expected people to report that temporal 
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distancing is easier to use than CFT because it is more generically applied to each 

memory.  

2.2 Methods 

2.2.1 Participants 

An a priori power analysis was completed using R-cran package: 'pwr2' (Lu, Liu, 

& Koestler, 2017) designed for two-way ANOVAs. The analysis used effect size values 

for session and condition from the combined analysis in De Brigard, Hanna, Jacques, 

and Schacter (2018), an alpha of 0.05, a beta of 0.20, and 100 simulations to result in a 

goal sample size of 54 participants. During recruitment, participants were prescreened 

based on four exclusionary criteria: participants had to be between the ages of 18-39, 

they could not have a diagnosed psychiatric disorder, they could not be taking any 

mood-altering medications, and they could not have any history of neurological 

damage. Participants who completed and passed the prescreen were asked to participate 

in our study. Eighty participants completed the prescreen, but only 54 participants (21 

male / 33 female, Mage = 26.59 ± 5.34, Myears of education = 17.57 ± 2.79, 19 White/Caucasian, 22 

Asian, 9 Black/African/African-American, 4 did not specify, 7 also identify as Hispanic 

or Latinx) completed all three sessions of the study.  
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Figure 3: Experimental methods outline. In session 1, participants listed and 

rated 45 regretful memories they had in the past 5 years. Less than a week later, 

participants came into the lab and either created worse alternatives (CFT), imagined 

the how they would feel about the memory in 10 years (Temporal Distancing), or 

simply recalled what occurred (Remember). On the last day, participants recalled 

their memories again and re-rated them on various phenomenological measures. They 

were also asked to recall which technique they had used to simulate the memory on 

the prior day. 

2.2.2 Procedure 

Healthy participants partook in a three-session memory modification study 

involving autobiographical memories (for a visual, see Figure 3). In Session 1, which 

took place online through Qualtrics, participants reported 45 regretful autobiographical 

memories that have happened to them in the past 5 years. As they came up with each 

memory, participants were asked to provide a title for the memory and a location and 

time that it occurred. They then rated the memory on levels of invoked valence (1-
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extremely unhappy to 7-extremely happy), arousal (1-extremely calm to 7-extremely 

excited), regret (1-minimal to 7-extreme), detail of the memory (1-extremely vague to 7- 

extremely clear), and frequency of recall (1-once a year or less to 7-daily). From these 45 

memories, the 30 most negatively valenced memories were reserved for the experiment, 

and the other 15 were set aside for training (9 memories) and for post-experiment 

measures (6 memories). 

Between two to six days later, participants came into the lab and were trained to 

use three techniques: temporal distancing (imagine looking back on this memory 10 years 

from now and think about how it would feel to you then), downward counterfactual 

(imagine how this event could have gone worse), and remember (simply recall the event 

naturally). For each technique, participants saw a screen with the memory title and the 

specific instruction for that technique. For memories in the remember condition, 

participants saw “Remember” at the top of the screen with their memory’s title 

underneath. For the two regulation techniques, participants saw the words “What if?” 

followed by the title of the memory. Beneath the memory title, they either saw “Worse” 

for the downward counterfactual condition or “10 years from now” for the temporal 

distancing condition. Participants practiced each technique one at a time with two 

generic memories, e.g. “Whether you exercised in the last 48 hours” and one of their 

actual memories. In order to confirm the efficacy of the training session, participants 

were asked to verbally describe what they were simulating during the training. For 
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these initial training trials, participants saw a mixture of generic memories, e.g. 

“Showering or not showering this morning,” and some of their provided memories that 

had been set aside for training. Participants could not continue on to the experimental 

session unless they accurately described three scenarios in a row using each technique. 

Finally, participants practiced using all three techniques in a timed, randomized order 

with the final 6 of their set aside training memories. For each timed trial, participants 

were encouraged to press the spacebar once they began their simulation.  

After completing training, participants began the experiment, in which they were 

presented with their 30 most regretful and negative memories and asked to use one of 

the three techniques on each to minimize their emotional response to the memory. The 

memories were assigned to conditions such that baseline valence, regret, and arousal 

ratings were minimized across conditions per participant. The appropriate simulation 

screen was presented for eight seconds, and a “Relax” screen was presented for 1.5 

seconds as an intertrial interval. At the end of this session, participants were given their 

6 set aside post-experiment memories and were asked to use and later report whichever 

technique they felt was most effective at reducing their emotional response.  

Twenty-four hours later, participants came back into the lab. They were asked to 

briefly recall the 30 experiment memories again (6 seconds) and were asked to re-rate 

them (2.5 seconds each) on valence (1-unhappy to 7-happy), arousal (1-calm to 7-

excited), detail (1-vague to 7-clear), and regret (1-minimal to 7-extreme). They were also 
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asked to answer a source memory question—which technique did you use on this 

memory during Session 2: worse, 10 years from now, or remember?—to determine 

whether a specific manipulation would be better remembered. Again, a 1.5 second 

“Relax” screen separated trials. At the end of this session, participants were asked 

whether they found a particular technique to be most effective (remember, 

counterfactual thinking, or temporal distancing), which was easier to use (counterfactual 

thinking or temporal distancing), and which they would use (if any) in their daily lives. 

2.2.3 Questionnaires 

To understand whether changes in emotional responsiveness were affected by 

individual differences in measurements of participants’ affect, emotion regulation skills, 

and social desirability, all participants completed the Emotion Regulation Questionnaire 

(ERQ; Gross & John, 2003), Social Desirability Scale (SDS-17; Stöber, 2001), Subjective 

Units of Distress Scale (SUDS; Wolpe, 1969), and the trait measure of the State-Trait 

Anxiety Inventory (STAI-Y-2; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) 

before they began training in Session 2. We used the reappraisal and suppression 

subscales from the ERQ to account for individual differences in regulation level prior to 

experimental training. The SDS-17 was used to test participants’ propensities to provide 

desired responses as a potential confound to data interpretation. The SUDS was 

administered at the beginning and end of every session to assess current distress level to 

account for differences in mood across participants. Finally, the STAI trait scale was 
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used to see if differences in self-reported trait anxiety level influenced how effective each 

technique was for participants.  

2.2.4 Data Cleaning and Analysis 

Although we asked participants for regretful memories, some participants 

provided a few memories that were clearly positive in content and in initial valence 

rating. Though we acknowledge that people may regret positive events (e.g. winning a 

silver medal, as they did not win gold), we chose to keep our focus on negative, regretful 

memories because positive and negative memories might be regulated by different 

mechanisms. Thus, we removed trials of memories that were given an initial valence 

rating of 4 or above (total of 18.6% of all memories). From the remaining trials, we also 

eliminated trials for each analysis where the participant either missed or did not 

respond to the relevant rating question (10.1% of trials for valence, 3.1% for arousal, 

2.4% for detail, and 5.5% for regret). These processes did not eliminate any subjects 

entirely from our analyses. 

Two-way repeated measures ANOVAs (rmANOVAs) in R were conducted for 

each rating repeated across the experiment (valence, arousal, detail, and regret) that 

included session (Session 1, Session 3) and condition (Remember, Counterfactual 

thinking, Temporal distancing) as the repeated measures, with social desirability (SDS-

17) score included as a covariate of no interest. We also ran a one-way ANOVA looking 

at source accuracy by condition. Pairwise comparisons were multiple comparisons 
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corrected using Tukey HSD. Secondary, exploratory rmANOVA analyses on each rating 

also included baseline reappraisal usage (ERQ reappraisal subscore), baseline 

suppression usage (ERQ suppression subscore), and trait anxiety level (STAI-Y2) as 

continuous predictor variables in each model.  

2.3 Results 

2.3.1 Behavioral findings 

2.3.1.1 Valence 

Our analysis revealed a main effect of session, F(1, 53) = 83.76, p < .001, 2 =  0.23. 

Specifically, participants reported more positive feelings at Session 3 compared to 

Session 1, b = 0.71, SE = 0.08, t(53) = 9.15, p < .001. (For this and the next three results, see 

Figure 4.)  

2.3.1.2 Arousal 

Analysis from the arousal ratings also revealed a main effect for session, F(1, 53) 

= 6.93, p = .011, 2 =  0.03, where people reported lower arousal at Session 3 compared to 

Session 1, b = -0.39, SE = 0.15, t(53) = 2.63, p = .011.  

2.3.1.3 Detail 

This analysis again revealed a main effect for session, F(1, 53) = 6.38, p = .015, 2 =  

0.01, where people reported lower detail for their memories at Session 3 compared to 

Session 1, b = -0.24, SE = 0.10, t(53) = -2.53, p = .015. 

 



 

53 

    

        

Figure 4: Subjective ratings for the memories across testing sessions. A) 

Changes in valence across the experiment. B) Changes in arousal rating across the 

experiment. C) Changes in reported detail across the experiment. D) Changes in regret 

rating across the experiment.  

2.3.1.4 Regret 

The analysis of regret ratings revealed main effects of session, F(1, 53) = 117.33, p 

< .001, 2 =  0.27, and condition, F(2, 106) = 10.78, p < .001, 2 =  0.02. Specifically, 

participants rated memories as less regretful in Session 3 as compared to Session 1, b = -

1.20, SE = 0.11, t(53) = -10.83, p < .001, and remembered memories were rated as less 

regretful (regardless of session) compared to temporally distanced memories, b = -0.39, 

A) B) 

C) D) 

*** 

*** 
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SE = 0.08, t(106) = -4.64, p < .001, and compared to memories in the counterfactual 

condition, b = -0.20, SE = 0.08, t(106) = -2.41, p = .046. Counterfactual thinking and 

temporal distancing memories were not significantly different from one another, b = 

0.19, SE = 0.08, t(106) = 2.23, p = .071. The condition effect was likely a result of baseline 

differences in regret ratings, despite our attempts to control baseline differences across 

groups, that carried through the experiment. Change in regret across the experiment did 

not differ by condition, contrary to our hypotheses. See Figure 4 for a summary of the 

regret rating results.  

2.3.1.5 Source accuracy 

The rmANOVA for source accuracy revealed no significant effects, though 

condition was marginally significant, F(2, 155) = 2.99, p = .053, partial 2 =  0.04. This 

effect is driven by marginal differences between CFT and the other two conditions 

(Figure 5), where manipulation using CFT is better recalled than using temporal 

distancing, b = 0.21, SE = 0.10, t(155) = 2.15, p = .083, or simple remembering of the 

memory, b = 0.20, SE = 0.10, t(155) = 2.08, p = .098. Temporal distancing and remembering 

did not differ, b = 0.01, SE = 0.10, t(155) = 0.08, p = .997. 
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Figure 5: Source accuracy by condition. 

2.3.2 Behavioral analyses with continuous predictor variables 

To explore whether any of the individual difference measures moderated ratings 

outcomes, all five of the above models were run again with anxiety (STAI-Y2), and the 

reappraisal and suppression subscores of the ERQ added in as predictor variables. After 

multiple comparisons corrections, none of these four individual difference measures 

were significantly correlated with each other, so we used all four in each rmANOVA.  

2.3.2.1 Valence 

For our valence ANOVA, the main effect of session remained significant and 

there were no new interactions to report.  
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Figure 6: Arousal ratings as a function of trait anxiety level. Counterfactual 

thinking and temporal distancing show differences Session 1 and Session 3 ratings. 

2.3.2.2 Arousal 

For arousal, session remained significant, but there was also a new three-way 

interaction of session by condition by anxiety level, F(2, 100) = 5.79, p = .004, 2 <  0.01. To 

unpack this interaction, a separate two-way rmANOVA was conducted for each 

condition. These tests revealed significant session by anxiety level interactions for both 

counterfactual thinking, F(1, 50) = 5.01, p = .030, 2 =  0.02, and temporal distancing, F(1, 

50) = 5.31, p = .025, 2 =  0.03, but not for remembered memories (Figure 6). To unpack 

these further, we conducted ANOVAs per session for these two conditions. For temporal 

distancing memories, anxiety marginally positively correlated with Session 1 arousal, 

F(1, 50) = 3.74, p = .059, 2 =  0.07, r = .0.26, but not with Session 3 arousal, F(1, 50) = 0.60, p 

= .442, 2 =  0.01, r = -0.11. For the counterfactual thinking memories, anxiety level was 
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not significantly correlated with arousal for either session, but the interaction may be 

explained by the fact that the trend between anxiety and arousal is positive for Session 1, 

r = 0.17, p = .226, and negative for Session 3, r = -0.15, p = .277. This finding suggests that 

for people with higher anxiety, temporal distancing and counterfactual thinking might 

be more effective at reducing arousal compared to simple remembering, as predicted.  

2.3.2.3 Detail 

For detail, the main effect of session remained significant. Additionally, the 

analysis revealed a two-way interaction between condition and anxiety, F(2, 100) = 4.18, 

p = .018, 2 =  0.01. To unpack this interaction, a separate rmANOVA was run for each 

condition. Anxiety was not significant at any of the individual condition levels, but it 

was trending for counterfactual memories, F(1, 50) = 2.93, p = .093, 2 =  0.05, where 

higher anxiety correlated with lower detail ratings for counterfactual memories, r = -0.22.  

2.3.2.4 Regret 

The main effects of session and condition remained significant, but there were 

also two new interactions: a session by suppression interaction, F(1, 50) = 5.21, p = .027, 

2 =  0.01, and a session by condition by anxiety interaction, F(2, 100) = 5.69, p = .005, 2 =  

0.01. To understand these interactions, we conducted separate ANOVAs for each 

session.  Suppression was not correlated with Session 1 regret ratings, F(1, 50) = 0.10, p = 

.758, 2 <  0.01, r = 0.03, but was positively correlated with Session 3 regret ratings, F(1, 

50) = 5.26, p = .026, 2 =  0.06, r = 0.22. People who used suppression more in their daily 
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lives reported more regret for their memories in Session 3. In these same session 

ANOVAs, we found a two-way interaction of condition by anxiety for Session 3, F(2, 

100) = 3.83, p = .026, 2 =  0.02, but not at Session 1, F(2, 100) = 1.69, p = .190, 2 <  0.01. 

Breaking this down further, we found that anxiety is not significantly correlated with 

any condition at Session 3, but the interactions may be driven by a marginal correlation 

(and stronger negative trend) in counterfactual memories F(1, 50) = 3.42, p = .070, 2 =  

0.06, r = -0.24, compared to insignificant and nearly flat trends for temporal distancing, 

F(1, 50) = 0.32, p = .574, 2 =  0.01, r = -0.08, and remembered memories, F(1, 50) = 0.46, p = 

.500, 2 =  0.01, r = 0.09, (Figure 7). The separation of counterfactual thinking from the 

other techniques may suggest that this technique is uniquely helpful for people with 

higher trait anxiety. 

 

Figure 7: Regret ratings as a function of participants’ trait anxiety. 

Counterfactual memories are especially affected by level of trait anxiety. 
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2.3.2.5 Source accuracy 

Accuracy still had a marginal main effect of condition (p = 0.054), and it produced 

no new significant effects or interactions.  

2.3.3 End question results 

 Most participants reported that temporal distancing was the most effective 

technique for them and that they would most use temporal distancing outside of the 

experiment. On the other hand, participants were nearly equally split on which 

technique they felt was easier to use (Figure 8).  

To see if participants accurately assessed which techniques were most effective 

and easy for them to use, we ran a rmANOVA on each rating to assess whether 

effectiveness, ease of usage, or transfer to regular usage predicted changes in ratings 

across the experiment. For these ANOVAs, we collapsed across session by creating 

ratings difference scores (Session 3 – Session 1), leaving condition as our only repeated 

measure. We found that participants’ choices for effectiveness, ease, and transfer did not 

correlate with affect change across the experiment. It also did not interact with 

simulation condition to affect valence change, arousal change, or regret change, 

suggesting that participants were not accurate when assessing which techniques were 

the most useful to them at reducing affect. However, for detail, the analysis revealed a 

significant main effect of transfer, F(2, 132) = 4.78, p = .010, partial 2 =  0.07, where 

participants who said they would use counterfactual thinking outside of the lab showed 
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less reduction in detail across the experiment compared to participants who said they 

would use temporal distancing, b = 0.88, SE = 0.28, t(132) = 3.08, p = .007. However, there 

was still no interaction between transfer choice and condition of memory simulation, 

suggesting that this may just be an effect of general memory detail.  

2.3.3.1 Other influences on end questions 

It is curious that participants misjudge the technique that is most effective for 

them. To better understand what factors that might be affecting participants’ choices for 

most effective, easiest to use, and most transferrable to real life, we ran (multinomial) 

logistic regressions on effectiveness, ease, and transferability with anxiety, social 

desirability, and the reappraisal and suppression subscores of the ERQ.  

 

Figure 8: Counts of people choosing each technique for post-experiment 

questions. A) The number of participants that selected each technique as the most 

effective, color coded by which technique that participant said they would use in their 

daily lives. B) The number of participants that chose each technique for which 

technique was easiest to implement.  

A) B) 
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Figure 9: Predicted probabilities of choosing a condition as most effective 

based on baseline participant reappraisal ability. 

Effectiveness was significantly affected by reappraisal score, where scoring a 

point higher on the reappraisal subscale contributed to a 0.35 log odds increase of 

choosing temporal distancing as more effective compared to choosing remembering, SE 

= 0.17, p = .037. (See Figure 9 for a visualization of predicted probabilities of picking the 

most effective technique based on reappraisal score.) Picking which technique was 

easiest to utilize did not correlate with any individual difference measures, and neither 

did picking which technique participants would use outside the lab. 
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2.4 Discussion 

In this study, participants mentally simulated their regretful memories by 

imagining how they could have gone worse, imagining how they would feel about the 

memory ten years from now, or simply recalling what occurred. Pre- and post- ratings of 

valence, arousal, regret, and detail were compared for memories in each condition. By 

examining differences between downward CFT, temporal distancing, and passive 

recollection, we began to evaluate the effectiveness of CFT when used as an intentional 

emotion regulation technique.  

We expected that CFT would perform at least as well as temporal distancing in 

reducing the strength of negative emotional responses to memories. From our basic 

findings, it does appear that temporal distancing and CFT are effective at increasing 

reported valence and decreasing reported arousal and regret across the experiment. We 

did not observe any differences in the overall effectiveness of these techniques, and 

surprisingly, neither of these techniques outperformed simply recalling what occurred. 

We expected that freely recalling a memory would not be as useful in regulating 

emotions as cognitively manipulating how one felt about it. This expectation was 

especially true for temporal distancing, which has been shown to be more effective in 

reducing emotional responses than passively evaluating a stimulus (Ahmed, Somerville, 

& Sebastian, 2018). However, previous studies examining the efficacy of temporal 

distancing have either had participants focus on a single, salient stressful 
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autobiographical memory to regulate (Bruehlman-Senecal & Ayduk, 2015; Bruehlman-

Senecal et al., 2016) or used negative scenarios that were introduced to the participant 

during the study (Ahmed et al., 2018). It is possible, then, that the memories used in this 

study were either not stressful enough (our baseline arousal ratings were on average at 

the midpoint of our scale, whereas average baseline ratings in Ahmed et al., 2018, were 

at around 73% of their Likert scale) or had already been regulated prior to the 

experiment, and thus did not require as much regulation during the experiment. 

Memories have been shown to fade in affect with each recollection (Averill, Malmstrom, 

Koriat, & Lazarus, 1972), which may account for our pattern of results. Also, there is 

some evidence that participants who learn to use distancing in an experiment also show 

generalized affect reduction to unregulated stimuli due to possible bleed over effects 

(Denny & Ochsner, 2014). 

The need for strongly stressful memories is further supported by the interactions 

we observe between anxiety and emotional ratings. For people who report higher levels 

of trait anxiety symptomology, counterfactual thinking and temporal distancing are 

more effective at reducing arousal than is remembering the memory, and CFT is 

especially useful in reducing reported regret for people with higher levels of anxiety. 

This group of people may have a harder time naturally regulating their negative 

memories, which may be why we see a difference in effectiveness between our 

interventions and simply remembering the memory.  
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It is especially interesting that downward counterfactual thinking is the most 

effective technique for reducing regret in high-anxious individuals, as regret is typically 

induced by comparing reality to better alternatives, or upward counterfactual thoughts 

(Roese & Hur, 1997; Roese & Olson, 1997; Zeelenberg et al., 1998). Our data suggest that 

imagining downward counterfactuals, or worse alternatives, may help to counteract the 

effects of these emotionally maladaptive counterfactual thoughts for people with 

increasing anxiety. Further research is needed to see if the regret is replaced by more 

positive counterfactual emotions, such as relief or contentment. 

We further hypothesized that CFT would be the best remembered emotional 

simulation, but that temporal distancing would be rated as the easiest to use as it 

requires less tailoring to the specific memory. This hypothesis was only partially 

supported by our results; when asked about which simulation technique was used, 

participants recalled counterfactual thinking was marginally remembered better than 

either of the other techniques. However, temporal distancing was rated as no easier to 

use than CFT. Around fifty percent of participants chose counterfactual thinking as 

easier to use, suggesting that though temporal distancing may have the ability to 

generalize to new contexts easily (Denny & Ochsner, 2014), downward CFT may be 

equally easy to use because of its natural occurrence in everyday thought processes.  

Instead, the majority of participants rated temporal distancing as the most 

effective technique at reducing their emotions and as the one they would use most in 



 

65 

their daily lives. Crucially, these ratings were not indicative of true effectiveness, as 

people’s choices for these questions did not correlate with how well that technique 

helped them regulate their emotions. Instead, we have some evidence to suggest that 

people’s individual difference measures, particularly their propensity to use cognitive 

reappraisal in daily life, predicted whether they would choose temporal distancing as 

the most effective technique. Logically, this makes sense, as participants who already try 

to change how they feel about emotional stimuli may feel more comfortable doing this 

in a lab setting as well, though it is interesting that this relationship does not hold for 

which technique participants would want to use at home. Further work should explore 

whether other individual difference measures not included here can explain participants 

choices for which technique they would want to use in daily life.  

Overall, this study suggests that specific emotion regulation technique utility 

differs across individuals. Specifically, negative regretful memories may be best 

regulated with CFT for people with higher levels of trait anxiety. If extended to clinical 

populations, this information could allow for targeted counterfactual training for 

individuals with diagnosed anxiety disorders that may also be used for anyone 

displaying high levels of anxious symptomology, regardless of diagnosis.  

By directly comparing counterfactual thinking with temporal distancing, this 

study opens the door to further research involving intentional counterfactual thinking. 

Future studies can examine whether downward counterfactual thinking is best utilized 
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when targeted at highly regretful memories that are difficult to regulate naturally. By 

understanding the set of memories most receptive to counterfactual change, we may 

also begin to understand the ways in which counterfactual thinking is maladaptive. 

With this target, we can work to better prevent the debilitating effects of repetitive 

rumination and obsessive thinking.   
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3. Phenomenology of counterfactual thinking is reduced 
in anxious individuals 

3.1 Introduction 

When processing an event, it is natural to think about how it could have gone 

instead. These alternative scenarios are termed counterfactual thoughts, and they are 

often created in a way that helps people learn from the event. In fact, counterfactual 

thinking (CFT) is often adaptive: it reinforces good behavior and provides potential 

solutions for past errors (Epstude & Roese, 2008; Roese & Epstude, 2017). Specifically, 

thinking about how an event could have been worse (downward CFT) often produces 

relief, which helps alleviate existing negative emotions that may hinder future 

performance. In contrast, thinking how an event could have been better (upward CFT) 

can provide a tangible strategy to use in a future occurrence of the event, even when 

generating feelings of regret or guilt. Furthermore, repeating the same counterfactual 

thought results in an understanding that this event is less plausible than if it were only 

simulated once (De Brigard, Szpunar, et al., 2013; Stanley, Stewart, & De Brigard, 2017), 

separating it from what actually occurred. In these ways, CFT can help people prepare 

for the future while accepting the present situation.  

However, CFT does not always lead to positive outcomes. Excessive rumination 

and worry often include repetitive counterfactual simulation, suggesting that in these 

circumstances, CFT may help people remain in a maladaptive processing mode (Brinker 

& Dozois, 2009; Nolen-Hoeksema, 2000; Tanner, Voon, Hasking, & Martin, 2013). In fact, 
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people with higher anxiety symptomology have been shown to create more 

counterfactual thoughts and for longer periods of time (Callander et al., 2007). After a 

major traumatic event, people who created more counterfactual thoughts reported 

higher stress post-trauma (C. G. Davis et al., 1995), and similarly, participants with 

higher post-traumatic stress disorder (PTSD) symptomology created more 

counterfactual thoughts than a trauma-exposed control group (Gilbar et al., 2010).  

Why can’t some people utilize the benefits of counterfactual creation? One 

explanation is that their counterfactual thoughts are phenomenally different than those 

that are used to process events. There is resounding evidence that the experience of 

memories and future thoughts are altered in clinical populations (Brown et al., 2014; 

Morgan, 2010; Moustafa, Morris, & ElHaj, 2019). For example, depression and PTSD 

correlate with an overgeneralization of memories (Morgan, 2010; Wessel, Meeren, 

Peeters, Arntz, & Merckelbach, 2001). A tendency to ruminate similarly skews people’s 

memories and future thoughts to be more negative and correlates with a higher rate of 

reliving during negative simulations (Thomsen, Schnieber, & Olesen, 2011), and 

maladaptive repetitive thinking is associated with increased negativity and reduced 

specificity of simulations of the past and future (Finnbogadóttir & Thomsen, 2013). All of 

this evidence supports the idea that there may also be fundamental differences between 

adaptive and maladaptive counterfactual thoughts. 
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Understanding differences in adaptive versus maladaptive CFT could lead to 

better targeted intervention and therapy. Yet, to the best of our knowledge, the 

individual differences in subjective experience of CFT in populations more likely to 

create maladaptive counterfactuals have not been studied. Thus, the proposed 

experiment attempts to find differences in the ways people with higher levels of anxiety 

create counterfactuals. Specifically, this study examines the differences in details and 

phenomenology used during counterfactual creation and memory recollection between 

people with varying levels of trait anxiety. Based on previous research, we expect 

memories and counterfactual thoughts of participants with higher levels of anxiety to be 

lower in specificity and higher in negativity than those of participants with lower 

anxiety. Furthermore, we hypothesize that we will replicate findings showing that 

across all participants, creating a counterfactual will be rated as less detailed and vivid 

in comparison to thinking about a memory (De Brigard & Giovanello, 2012; Johnson, 

Foley, Suengas, & Raye, 1988). Finally, as a manipulation check, we expect upward 

counterfactual thoughts to be rated as more positive compared to downward 

counterfactual thoughts, and memories should fall somewhere in the middle. 

3.2 Methods 

3.2.1 Participants 

One hundred participants completed the experiment online through Amazon’s 

Mechanical Turk (MTurk; Buhrmester, Kwang, & Gosling, 2011). Participants were 
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required to be located within the United States, have a HIT approval rating of over 85%, 

meaning they have been marked as compliant for over 85% of the studies they have 

completed, and have over 50 HITs already approved in order to participate. On average, 

participants took 33.1 ± 26.0 minutes to complete the study and were compensated $5.50 

for their time. All participants completed informed consent that was approved by the 

Duke University Campus Institutional Review Board. Three participants were excluded 

from analysis due to repeated or nonsense responses to free response questions, leaving 

97 participants (Mage = 34.4 ± 10.8 years, 39 female/58 male, 69 White, 9 Asian, 7 

Black/African American, 4 Hispanic/Latino, 3 American Indian/Alaska Native, 1 Native 

Hawaiian/Pacific Islander, 4 mixed race) for the final analysis.  

3.2.2 Procedure 

After granting consent, participants completed a trait anxiety questionnaire 

(STAI-Y2; Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983). They then provided 6 

regretful autobiographical memories that have occurred to them within the past 5 years. 

Participants were instructed that these memories should be regretful because of 

immediate (as opposed to long term) negative consequences and were given an example 

of such a memory. For each memory, participants were asked to rate its emotional 

valence (1-extremely unhappy to 7-extremely happy); the level of detail they recalled it 

with (1-extremely vague to 7-extremely clear); their regret about the event (1-minimal 

regret to 7-extreme regret); how much control they felt they had over the situation (1-no 
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control to 7-full control), as depression effects perceived control of CFT (Van Hoeck, 

Watson, & Barbey, 2015); and how frequently they recalled the event (1-less than once a 

year to 7-daily), based on interactions between frequency and phenomenology (Özbek, 

Bohn, & Berntsen, 2018). 

After all of the memories were collected, participants saw them again in one of three 

conditions: upward counterfactual, downward counterfactual, or remember. In the upward 

counterfactual condition, participants were asked to think about a way in which the event 

could have gone better. In the downward counterfactual condition, participants were asked 

to think of a way the event could have gone worse. In the remember condition, 

participants were simply told to recall the memory. For each condition, participants 

were asked to describe their simulation in words for at least 30 seconds, after which 

point they could move on to the next screen. There, they were presented with a series of 

questions about the simulation, listed in   
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Table 2, to assess the phenomenology of their simulations. These questions were 

adapted from the Memory Characteristics Questionnaire (MCQ; De Brigard & 

Giovanello, 2012; Johnson, Foley, Suengas, & Raye, 1988). 
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Table 2: Phenomenology Ratings 

Phenomenology questions Scale endpoints (1-7) 

How clear was [the simulation]? Dim Clear 

How much color was there? Black & White Full Color 

How much visual detail? None A lot 

How much sound? None A lot 

Smell? None A lot 

Touch? None A lot 

Taste? None A lot 

How vivid was [the simulation]? Vague Very Vivid 

How was the composition? Sketchy Very Detailed 

How clear was the location? Vague Clear 

How clear was the spatial arrangement of 

objects? 
Vague Clear 

How clear was the spatial arrangement of 

people? 
Vague Clear 

How clear was the time of day? Vague Clear 

Can you imagine how you would have felt 

during the event? 
Not at all Definitely 

What would have been your emotion? Negative Positive 

What would have been the intensity of your 

emotion? 
Not Intense Very Intense 

What is your emotion as you are thinking 

about it now? 
Negative Positive 

What is the intensity of the emotion as you are 

thinking about it now? 
Not Intense Very Intense 

Overall, how do you imagine this event? Hardly Very Well 

How likely is it that this event could have 

happened to you in the past? 
Unlikely Likely 

From what perspective do you think about 

this event? 
First, Third, or Other 

 

3.2.3 Analysis 

For the analyses, the 6 provided memories from each participant were treated as 

separate data points in a linear mixed-effects model (LMEM) framework. The intercept 
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and subject were treated as fixed factors. Consistent with previous studies using 

phenomenology ratings for counterfactual thinking (De Brigard & Giovanello, 2012), the 

ratings questions were split into factors. Ratings of clarity, color, visual detail, sound, 

smell, touch, taste, and vividness were averaged into a single sensory factor (Cronbach’s 

 = 0.85). Similarly, ratings of composition, location, location of objects, location of 

people, and clarity of time of day were averaged into a composition factor ( = 0.88). 

Lastly, emotion during the event and emotion now were averaged into an emotion factor 

( = 0.88). Intensity of the emotion during the event, intensity as the participant thought 

about it now, and general sense of imagining the event were not as closely related ( = 

0.72) and were thus analyzed separately. Sense of imagined feeling, event likelihood and 

perspective were analyzed as independent measures as well. All statistics were 

conducted in R.  

3.3 Results 

Based on the initial ratings of regretful memories, participants’ anxiety level 

correlated with their memories’ initial reported detail (r = -.182, p < .001), controllability 

(r = -.111, p = .007), and frequency of remembering (r = .148, p < .001). Specifically, people 

with higher anxiety reported their memories were less detailed, less controllable, and 

more frequently thought of than people with lower levels of anxiety (Figure 10). 

Therefore, these three ratings were included in all future analyses as covariates. No 

correlations were found between anxiety score and initial valence or regret ratings.  
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Figure 10: Interactions of anxiety level with initial memory ratings. The points 

depict the average rating per participant. 
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3.3.1 Sensory detail 

A LMEM was conducted on each phenomenology factor with condition, anxiety 

level, initial detail, control, and frequency included as covariates. The LMEM on the 

sensory factor revealed that memories that are simulated with downward 

counterfactuals are reported to have lower sensory details than those that are simply 

remembered, b = -0.54, SE = 0.26, t(481.6) = -2.09, p = .037, 95% CI [-1.03, -0.07]. There was 

a marginal main effect of anxiety score, b = -0.01, SE = 0.01, t(145.2) = -1.85, p = .067, 95% 

CI [-0.03, 0.00], whereby participants with higher anxiety reported slightly lower sensory 

details in their recollections of memories and counterfactual simulations.  

3.3.2 Composition 

The LMEM on the composition phenomenology factor revealed a significant 

main effect of initial detail on composition items, b = 0.16, SE = 0.05, t(581.8) = 3.31,  

p < .001, 95% CI [0.06, 0.25], where memories with higher initial detail were simulated 

with more composition details than those with lower initial detail. There was also a 

significant interaction between anxiety level and condition. Specifically, people with 

higher anxiety reported less composition details when creating upward counterfactual 

simulations than for their memories, b = -0.02, SE = 0.01, t(481.40) = -2.17, p = .031, 95% CI 

[-0.03, 0.00], (Figure 11).   
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Figure 11: Ratings for questions relating to composition by anxiety level. 

 

3.3.3 Emotion 

The LMEM for the emotion factor revealed a main effect of memory condition,  

b = 2.06, SE = 0.36, t(483.5) = 5.79, p < .001, 95% CI [1.35, 2.77], and initial frequency rating, 

b = -0.09, SE = 0.04, t(543.9) = -2.51, p = .012, 95% CI [-0.16, -0.01]. Specifically, participants 

felt more positively after upward counterfactual simulation compared to the downward 

counterfactual or the remember conditions, as expected, (see Figure 12), and memories 

that were remembered more frequently were rated as less emotional than those 

remembered less frequently.  



 

78 

 

Figure 12: A summary of the emotion factor by condition. Upward counterfactuals are 

rated as more positive than remembered memories or downward counterfactuals. 

3.3.4 Intensity of emotion 

A separate LMEM was conducted for each of the intensity measures. The 

question regarding intensity if the simulation were real (“What would have been the 

intensity of your emotion?”) revealed significant main effects of initial detail rating and 

initial frequency rating. Specifically, more detailed memories were reported to have 

more intense simulations, b = 0.24, SE = 0.05, t(538.5) = 4.46, p < .001, 95% CI [0.13, 0.35], 

and memories thought of more frequently resulted in more intense simulations, b = 0.17, 

SE = 0.04, t(545.2) = 4.26, p < .001, 95% CI [0.10, 0.26]. There was also a marginal 

interaction between anxiety score and condition, where people with higher anxiety 

reported slightly higher emotional intensity after downward counterfactuals than 
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memories that they simply remembered, b = 0.02, SE = 0.01, t(482.3) = 1.83, p = .069, 95% 

CI [0.00, 0.03].  

The LMEM on what is the intensity you are feeling now revealed main effects of 

condition, anxiety, initial detail rating, frequency, and a marginal main effect of initial 

rating of controllability. Specifically, upward counterfactuals, b = -0.73, SE = 0.37, t(482.6) 

= -1.99, p = .047, 95% CI [-1.47, -0.03], and downward counterfactuals, b = -0.88, SE = 0.37, 

t(483) = -2.40, p = .017, 95% CI [-1.64, -0.15], were rated as less intense than recalling a 

memory. Across all conditions, people with higher levels of anxiety rated their 

simulations as less intense than people lower in anxiety, b = -0.02, SE = 0.01, t(178.5) = -

2.47, p = .014, 95% CI [-0.04, -0.01]. Memories that were rated as higher in detail initially 

were rated as more intense in the moment during simulation, b = 0.12, SE = 0.05, t(581.4) 

= 2.42, p = .016, 95% CI [0.02, 0.23]. Similarly, memories that were thought of more 

frequently initially were rated higher in intensity during simulation, b = 0.21, SE = 0.04, 

t(581.9) = 5.41, p < .001, 95% CI [0.14, 0.28]. Rating a memory as higher in controllability 

meant participants felt its simulations were marginally less intense than those lower in 

controllability, b = -0.07, SE = 0.04, t(574) = -1.90, p = .057, 95% CI [-0.14, 0.00]. Lastly, 

there was an interaction between condition and anxiety such that people with higher 

anxiety rated memories simulated with a downward counterfactual as more intense 

than those simply remembered, b = 0.02, SE = 0.01, t(482.9) = 2.56, p = .011, 95% CI [0.00, 

0.04], (Figure 13). 
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Figure 13: Intensity during simulation of the event across anxiety level.  

3.3.5 Imagine how you would have felt 

The LMEM for whether participants could imagine how they would have felt 

revealed a main effect of condition and of initial detail rating. Specifically, the emotion 

for downward counterfactual simulations was more difficult to imagine than the 

emotion for recalled memories, b = -0.89, SE = 0.30, t(479.7) = -2.98, p = .003, 95% CI [-1.46, 

-0.35], and memories rated as very detailed were easier to imagine in emotionality than 

low detail memories, b = 0.17, SE = 0.04, t(577.1) = 3.87, p < .001, 95% CI [0.08, 0.25]. There 

was also a significant interaction between condition and anxiety, where people with 

higher anxiety rated upward counterfactual simulations as harder to imagine 

emotionally than remembered memories, b = -0.02, SE = 0.01, t(479.3) = -2.33, p = .020, 

95% CI [-0.03, 0.00], but downward counterfactual simulations were rated as more easy 
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to imagine emotionally compared to memory simulations by people with higher anxiety, 

b = 0.01, SE = 0.01, t(479.5) = 2.19, p = .029, 95% CI [0.00, 0.03], (Figure 14). 

3.3.6 Imagining the event 

When asked how well participants could generally imagine the event, an LMEM 

revealed a main effect of initial detail rating, initial frequency rating, and anxiety level. 

Specifically, more detailed memories, b = 0.28, SE = 0.05, t(562) = 5.90, p < .001, 95% CI 

[0.18, 0.37], and more frequent memories, b = 0.08, SE = 0.04, t(566.2) = 2.18, p = .030, 95% 

CI [0.01, 0.15], were imagined better than those that were less detailed or less frequently 

remembered. Participants with higher anxiety had a harder time imagining their 

simulations than people with lower trait anxiety, b = -0.03, SE = 0.01, t(212.9) = -3.84,  

p < .001, 95% CI [-0.04, -0.01]. 

 

Figure 14: How well can you imagine how you would have felt during this 

event? 
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Figure 15: Correlations between anxiety level and ratings to: “How likely is it 

that this event could have happened to you in the past?” 

 

3.3.7 Likelihood of event 

When looking at the question of how likely participants were to think the event 

could have happened to them in the past, there was a main effect of memory condition, 

where upward counterfactual simulations were rated as significantly more likely than 

worse simulations, b = 1.44, SE = 0.42, z = 3.41, p = .002. There was also a memory 

condition by anxiety level interaction, driven by a negative relationship between anxiety 

level and likelihood in upward counterfactuals in comparison to memories that were 

remembered, b = -0.03, SE = 0.01, t(479.3) = -3.27, p = .001, 95% CI [-0.05, -0.01], (Figure 

15). 
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Figure 16: Memories simulated in each condition from first and third person 

perspective, given participant anxiety level. Boxplots within the violin show quartiles 

of the data, and the violin plots display the quantity of participants at a specific 

anxiety level that endorse each point of view.  

3.3.8 Perspective of simulations 

Lastly, we compared participants’ point of view when simulating memories and 

counterfactuals. Since only 4 memories were simulated from an “other” perspective, this 

category was dropped from the analysis. We were then able to conduct a binomial 

LMEM using Adaptive Gauss-Hermite Quadrature with 10 integration points. This 

analysis revealed a main effect of initial memory detail on perspective ratings, b = -0.45, 

SE = 0.17, z = -2.66, p = .008, 95% CI [-0.78, -0.12], and marginal interactions of anxiety of 

with the upward counterfactual compared to remember condition, b = 0.05, SE = 0.03, z = 
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1.86, p = .063, 95% CI [0.00, 0.11], and the downward counterfactual compared to the 

remember condition, b = 0.05, SE = 0.03, z = 1.82, p = .069, 95% CI [0.00, 0.11]. Specifically, 

rating a memory as having higher detail at the beginning of the experiment made it less 

likely for participants to think of it in third person, regardless of simulation type. The 

interactions suggest that as anxiety symptomology increases, upward and downward 

counterfactuals are more likely to be simulated from the third person point of view than 

are remembered memories (Figure 16).  

3.4 Discussion 

In this study, we compared subjective ratings of autobiographical memory recall 

and mental simulation across individuals with varying levels of anxiety. Participants 

were asked to create upward counterfactuals, downward counterfactuals, or simply 

recall their recent regretful memories. By comparing how participants rated these 

simulations, we were able to examine whether there were systematic variations in the 

way that people with increasing anxiety symptomatology thought about their memories. 

By uncovering these differences, we could contribute to our understanding of why 

ruminative counterfactual thinking prevents the beneficial outcomes often seen from 

creating alternative versions of reality.  

We predicted that recalling memories would generally be rated as a more 

specific experience than creating a counterfactual. This prediction was supported, as 

memories were recalled with greater sensory details and more intense emotions during 
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simulation than counterfactual thoughts. These results agree with previous studies 

suggesting that episodic memories are simulated with greater perceptual details and as 

more intense than their corresponding counterfactuals (De Brigard & Giovanello, 2012; 

Johnson et al., 1988). However, recent work looking at a wider set of counterfactual 

thoughts found that intensity for same-valenced counterfactual thoughts (e.g., 

downward counterfactuals from a negative memory or upward counterfactuals from a 

positive memory) was higher than for the corresponding memory (Stanley, Parikh, 

Stewart, & De Brigard, 2017). Our study suggests that the same-valenced finding may be 

driven by participants with higher trait anxiety, as they rated their downward 

counterfactuals as higher in emotional intensity than their recalled negative memories. 

As predicted, trait anxiety level also affected participants’ evaluation of detail in 

their mental simulations. Even when providing memories for the experiment, baseline 

ratings of detail were different across anxiety levels, suggesting people with higher 

anxiety have consolidated their memories with less specificity than their lower anxious 

peers. More interestingly, people with higher anxiety generally reported having a harder 

time imagining simulations of their memories across all conditions, even after 

controlling for baseline detail differences. People with higher anxiety also reported 

simulating their counterfactual thoughts from a third person perspective more often 

than people with lower anxiety, suggesting that they have distanced themselves from 

the perspective of their initial experience (Wallace-Hadrill & Kamboj, 2016). Similarly, 
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there is some evidence suggesting that people with higher anxiety may also report lower 

sensory details than people with lower anxiety, but this effect needs to be examined in 

more detail in a future study. Overall, these results are consistent with studies showing 

that participants with mood and anxiety disorders report reduced detail and specificity 

in memories (Morgan, 2010; Wessel et al., 2001). However, we note that it is difficult to 

disambiguate whether our lack of specificity is driven purely by anxiety or by 

comorbidity with depression, as we did not directly measure depression symptomology 

in this study. 

Anxiety level especially interacted with participants’ ratings of upward 

counterfactuals. People with higher levels of anxiety reported less compositional details 

when creating a better version of an event than when they remembered a memory. They 

reported having a worse understanding of how they might have felt during upward 

counterfactual thoughts compared to remembering the memory. It is possible, then, that 

the overgeneralization of memories seen in psychopathology is an effect of ruminative 

thinking, where repetitive upward counterfactual creation during rumination 

contributes to the dulling of compositional and emotional memory details. Participants 

with higher anxiety also believed that the alternative presented in an upward 

counterfactual thought was less likely to have occurred in comparison to people with 

lower anxiety. This disbelief may prevent people with higher anxiety from learning from 
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their upward counterfactuals, as they do not believe the scenario will repeat and thus 

the information will be not be useful at a later time (Markman et al., 1993).  

Upward counterfactual thoughts were also generally rated as more positive than 

either remembered negative memories or downward counterfactuals, as expected. 

However, we found that people with higher anxiety generally reported feeling lower 

emotional intensity during memory and counterfactual simulations than people with 

lower anxiety. This finding runs contrary to previous literature showing people with 

higher levels of anxiety and rumination tend to amplify negative ratings of 

autobiographical memories (Burke & Mathews, 1992; Finnbogadóttir & Thomsen, 2013; 

Lyubomirsky, Caldwell, & Nolen-Hoeksema, 1998; Thomsen et al., 2011). However, 

many of these differences were observed when participants were asked to recall 

memories freely. By restricting all participants to negative, regretful memories, we may 

have nullified the negativity bias seen in participants with psychopathology. 

Furthermore, none of the previous studies examined mental simulations using 

counterfactual thinking. Further work needs to be conducted to elucidate whether 

people with higher anxiety differently recall memories when mixed in with 

counterfactual simulations rather than future simulations or other recollections.  

Future studies can expand these results by including other measures of 

psychopathology, performing an in-lab or in-context experiment, and including 

participants that have been officially diagnosed with a mood or anxiety disorder. These 
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additions will allow us to better understand the phenomenology of maladaptive 

counterfactual thinking. It would also be useful to determine whether some of these 

phenomenological differences are results of encoding differences across anxiety level, 

consolidation or reconsolidation changes, or retrieval level effects. With these findings, 

we can begin exploring why and how the observed changes lead to maladaptive 

behavioral outcomes, a discovery which can help clinicians make more informed 

therapeutic choices when addressing pathological thought processes.    
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4. Spatial Distancing Reduces Emotional Arousal to 
Reactivated Memories 

4.1 Introduction 

The study of memory is fundamental to our understanding of how humans 

interact with and make sense of the world around them. One of the most valuable 

aspects of memories is their ability to adapt with new information. Referred to as 

memory modification, this phenomenon occurs when a consolidated memory is 

reactivated with moderate prediction error, creating a need to modify the memory’s 

existing schema (Exton-McGuinness, Lee, & Reichelt, 2015; Gershman, Monfils, Norman, 

& Niv, 2017; Sevenster, Beckers, & Kindt, 2012). Thus, the memory becomes labile for a 

period following the reactivation (as review, see Agren, 2014; Alberini & LeDoux, 2013; 

Wang & Morris, 2010).  

Intentional memory modification is understudied, especially in humans. Most 

existing work has focused on reducing memory accuracy by interfering with content 

while the memory is labile (Agren, 2014). However, much less is known about how 

memory reactivation impacts the emotional quality of memories. In clinical settings, a 

major goal of treating depression, anxiety, and trauma is to lessen the stressful nature of 

memories without forgetting key details (LaBar, 2015). Memory modification may give 

therapists a unique window of opportunity to enduringly alter the emotional aspects of 

aversive memories without affecting other memory features (Kindt & van Emmerik, 

2016; Lane et al., 2015). 
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How can this regulatory goal be achieved? Theories of memory modification 

suggest that one key principle is to interfere with the relevant working memory 

processes required during reactivation (James et al., 2015). A common, noninvasive way 

to interrupt ongoing affective processes is to engage cognitive emotion regulation skills, 

which involve reappraising the meaning of a stimulus to alter emotional responses 

(Buhle et al., 2014; Ray et al., 2010). However, it is unknown whether engaging cognitive 

reappraisal during memory reactivation will increase the efficacy of the regulation 

attempt. We tested this hypothesis by training healthy adults in one reappraisal tactic – 

spatial distancing. Distancing is effective across many subject populations, is readily 

trained, and can be applied to diverse affective elicitors (Powers & LaBar, 2019). The 

current study incorporated spatial distancing into a memory modification paradigm to 

investigate whether partial reactivation of aversive picture memories, followed by 

regulation, effectively reduced the emotional response to the pictures in the future. We 

tested the extent to which any regulatory effect was driven by changes in emotional 

arousal or valence, and whether the affect change was accompanied by alterations in 

memory accuracy. 

4.2 Materials and methods 

4.2.1 Participants 

One hundred and twenty-eight qualifying participants completed all three 

sessions of our study. An additional 47 participants failed to complete the experiment 
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due to dropout, not meeting inclusionary criteria, or severe weather. Participants had no 

history of psychiatric or neurological disorders and were not currently taking any 

psychoactive medications. An intended sample size of 30 participants per group (total 

120 participants) was set in advance, based on prior sample sizes from the memory 

modification literature (Hupbach & Dorskind, 2014). We terminated recruitment once 

we estimated that our intended sample size would be reached by the end of the 3-day 

study. Nine participants were excluded due to incomplete data or extreme outliers (over 

two standard deviations from the mean). We ended up one subject short from our 

intended sample size. Nonetheless, post-hoc power analyses conducted in G*Power 3.1 

revealed that for both the ANOVA and ANCOVA arousal analyses, this sample size was 

sufficient to provide an estimated power of over 95%. The 119 participants (mean = 19.10 

 0.14 years, 60 female, 50% White, 29% Asian, 9% black, 4% mixed race, 7% 

unidentified; 14% identify as Hispanic/Latino), were equally spread across our four 

experimental conditions with pseudo-random assignment. Participants were recruited 

on a university recruitment website of undergraduate students taking psychology 

courses, and they gave written consent according to the requirements of the Duke 

University Campus Institutional Review Board. Participants received course credit for 

their time.  
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Figure 17: Experimental Design. The four groups of participants complete the 

same tasks for Sessions 1 and 3 but differ on their Session 2 task, which is specified 

by group in the associated table. The images used in this figure are representative 

examples and were not used in the actual study. War photo: Max Pixel (CC0). Snake: 

Glenn Bartolotti (CC BY-SA 4.0), from Wikimedia Commons.  
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4.2.2 Stimuli 

The study material consisted of 25 test images (20 negative and 5 positive), 25 

control images (20 negative and 5 positive), and 12 additional new images (9 negative 

and 3 positive). The positive images were included to prevent prolonged negative mood 

induction but were not used in the analyses. The images were chosen from the 

International Affective Picture System (IAPS: Lang, Bradley, & Cuthbert, 2008). All 50 

test images and control images had differing thematic content, but the negative items 

from the two lists had similar average normative ratings of valence and arousal (valence: 

t(38) = 1.72, p = .09; arousal: t(38) = 1.47, p = .15). The new images were chosen to have 

similar thematic content to the test images and similar normative ratings of valence and 

arousal (valence: t(27) = 0.21, p = .83; arousal: t(27) = 0.35, p = .73). Fifteen additional 

negative images with higher normative ratings of valence and lower ratings of arousal 

were selected to use during practice/training sessions. To create partial reactivation 

pictures from the test, control, and practice images, a central emotional element in the 

scene was selected. Using the GNU Image Manipulation Program (GIMP: 

http://gimp.org), the chosen element was isolated and placed on a neutral gray rectangle 

with the dimensions of the original image (see Figure 17 for an example). All pictures 

were presented centrally on a black screen. Stimuli were presented on a 19-inch monitor 

(~48 cm; approximately 30.5 cm x 38 cm). Participants sat approximately 60 cm from the 

screen.  

http://gimp.org/
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All groups saw the 25 test images in Session 1. Groups that completed a Session 2 

saw the partially reactivated pictures from either the test or control image set. In Session 

3, all groups saw the original test images and new images presented in a pseudo-

random order.  

4.2.3 Procedure 

The study took part in three sessions, with subsequent sessions 48 hours apart. 

As much as possible, each participant came in at the same time of day for all three 

sessions. Participants were split into 4 groups, Reactivation + Regulation (experimental 

group), No Reactivation (control for just regulation), No Regulation (control for just 

reactivation), and Neither (control for time). The experimental procedure is illustrated in 

Figure 17.  

In Session 1, all participants viewed the test images and rated them on valence 

and arousal. Each image was presented for 3 seconds followed by valence (1-unhappy to 

9-happy) and arousal (1-calm to 9-excited) ratings for 2.5 seconds each. A four-second 

“Relax” screen served as the intertrial interval. Pictures were pseudo-randomized such 

that no more than 6 negative images could be presented in a row.  

Session 2 differed depending upon group. The experimental group (Reactivation 

+ Regulation) viewed emotional objects cut from the test pictures and were asked to 

regulate them. Specifically, the object would appear for 4 seconds, followed by a black 

screen with the cue “Far,” signifying to imagine it extremely far away from them for 8 
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seconds. Immediately following the regulation attempt, participants rated their success 

at implementing the technique, from 1 (not at all successful) to 4 (very successful). Trials 

were separated with a “Relax” screen, and the stimuli were pseudo-randomized as in 

Session 1. Before Session 2, experimental group participants completed emotion 

regulation training to ensure they could effectively regulate. Participants were first 

instructed that when they saw the word “Far,” they were to imagine the object they just 

saw as physically far away from them in egocentric space, such as across a football field, 

in a different country, or in space. The experimenter clarified that the same location 

could be used for multiple or even all stimuli, as long as the participant could 

successfully perform the imagination. Participants then completed 3 untimed trials 

where, during the regulation task, they verbally described what they imagined to the 

experimenter to ensure task compliance. The experimenter gave feedback and further 

instruction during this time if necessary. If the participant did not have a solid grasp on 

the technique by the third trial, additional untimed trials were added until the 

participant could either accurately perform the technique or they reached 8 trials, after 

which they were told they did not pass the training. Participants who were successful at 

learning the technique then completed 7 additional training trials at the correct speed on 

their own. 

The No Reactivation control group received the same emotion regulation 

training, but during Session 2, they saw emotional objects cut from the control images 
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instead of the test images and proceeded to regulate these objects instead. The No 

Regulation control group was presented with the test objects during Session 2, but 

instead of regulating and rating success, they were simply asked to answer whether the 

object portrayed a human or not (for 2 seconds) as an active perceptual judgment 

control. Lastly, the Neither control group skipped Session 2 entirely as a passive control 

for time between Session 1 and Session 3.    

Ninety-six hours after the first session, all participants returned for Session 3. 

Regardless of group, participants were presented with the original test images 

intermixed with the new images using the same pseudo-randomization procedure as in 

Sessions 1 and 2. After viewing an image for 3 seconds, participants were asked to rate it 

on valence and arousal. They were then asked whether it was an old (test) image or a 

new image. Lastly, they had to indicate how confident they were of their old-new 

judgment, from 1 (guess) to 4 (certain). Trials were again separated by a “Relax” screen. 

Before the session, participants completed a two-trial practice mini-session to familiarize 

them with the order and speed of the rating questions.  

4.2.4 Questionnaires 

We used the reappraisal and suppression subscales from the Emotion Regulation 

Questionnaire (ERQ; Gross & John, 2003) to account for individual differences in 

regulation strategy use prior to experimental training. The Social Desirability Scale 

(SDS17; Stöber, 2001) was used to test participants’ propensities to provide desired 
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responses.  Lastly, before and after each session, participants filled out the Subjective 

Units of Distress Scale (SUDS; Wolpe, 1973) to assess distress level pre- and post-

manipulation.  

4.2.5 Electrodermal Activity Measurement 

We measured phasic changes in electrodermal activity (EDA) to act as a gauge of 

sympathetic nervous system activity in response to our stimuli. Two Ag-AgCl electrodes 

with 11 mm diameter contact areas (BIOPAC Systems; Goleta, CA) were placed on the 

hypothenar eminence of the participant’s non-dominant palm. K-Y Jelly (Reckitt 

Benckiser; Slough, England) was used as additional conductive gel.  

The raw EDA signal was sampled at a frequency of 1 kHz, gain amplified at 10 

µS/V. A 1 Hz high pass filter was implemented through AcqKnowledge software 

(BIOPAC Systems; Goleta, CA). Trough-to-peak EDA measurements were extracted 

using the scoring system Autonomate (Green, Kragel, Fecteau, & LaBar, 2014) such that 

EDA peaks beginning within a second of image onset up through 4 seconds post-

stimulus were considered valid responses.  

4.2.6 Data Analysis 

Missed responses, recorded as zeroes in the data, were omitted from the analyses 

(on average, Reactivation + Regulation: 0.91 missed responses out of 20, No Reactivation: 

1 missed response, No Regulation: 1.5 missed responses, Neither: 0.94 missed 

responses). Participants’ changes in emotion ratings across the experiment were 
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calculated by subtracting arousal and valence ratings at Session 1 from the same ratings 

at Session 3 to create difference scores. This process was done for all stimuli, as well as 

for the subset of stimuli that were reported as successfully regulated (success values of 3 

or 4) from the experimental group. Rating difference scores were analyzed using 

univariate analyses of variance (ANOVA) with an alpha of 0.05. The reappraisal and 

suppression subscores on the ERQ and the SDS17 score were included as covariates to 

the full stimuli model. Results were corrected for multiple hypothesis testing used 

Holm’s method, and effect sizes for t-tests were calculated using Hedges’ gs (Lakens, 

2013). Additional post-hoc analyses were conducted to test whether an individual’s trait 

reappraisal, suppression, or social desirability scores could explain the variation in the 

experimental group’s arousal scores. 

Accuracy (d’) measurements were calculated by taking the normalized 

proportion of negative test pictures correctly identified as old (% of hits) and subtracting 

out the normalized proportion of negative new pictures incorrectly identified as old (% 

of false alarms). A univariate ANOVA was used to compare accuracy measurements 

across groups.   

EDA trough-to-peak non-zero values were counted to classify participants as 

responders vs. non-responders. Participants who responded to over 10% of the stimuli 

in a session were considered responders for that session. If a participant was coded as a 

responder for both their Session 1 and 3, their average peak-to-trough values from 
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Session 1 were subtracted from the Session 3 averages to create EDA difference scores. 

Unfortunately, we did not have enough viable EDA difference scores per group to run 

significance tests (specifically, Reactivation + Regulation: 2 people, No Reactivation: 4 

people, No Regulation: 3 people, Neither: 3 people), nor did we have enough responders 

to compare across groups for only Session 3 (Reactivation + Regulation: 7 people, No 

Reactivation: 5 people, No Regulation: 9 people, Neither: 4 people). Thus, these data are 

excluded from the results.  

4.3 Results 

Arousal rating change from Session 1 to Session 3 significantly differed across 

groups, F(3, 115) = 7.34, p < .001, 𝜂2 = 0.16 (see Figure 18). Post-hoc t-tests revealed that 

the experimental group (M = -1.32, SD = 1.23) had greater between-session arousal 

reduction relative to all 3 control groups (No Reactivation: M = -0.68, SD = 0.91, t(57) = -

2.29, p = .026, 95% CI [-1.21, -0.08], Hedges’ gs = 0.59; No Regulation: M = -0.62, SD = 0.82, 

t(58) = -2.62, p = .022, 95% CI [-1.25, -0.17], Hedges’ gs = 0.67; Neither: M = -0.23, SD = 0.59, 

t(58) = -4.39, p < .001, 95% CI [-1.59, -0.59], Hedges’ gs = 1.12).  Changes in valence did not 

differ significantly across groups (F(3, 115) = 0.63, p = .595, 𝜂2 = 0.02).  

The above analyses included all stimuli. The results remained the same when 

only the stimuli that were successfully regulated (success values of 3 or 4) were included 

in the Reactivation + Regulation group (Arousal: F(3, 115) = 6.29, p < .001, 𝜂2 = 0.14; 

Valence: F(3, 115) = 0.17, p = .915, 𝜂2 < 0.01). The majority of stimuli were successfully 



 

100 

regulated (M = 14.03 images out of 20, SD = 3.90). Thus, all future analyses are only 

reported for the full stimulus set. 

 

 

Figure 18: Emotional Difference Scores per Group. Top: Violin plots 

displaying the distribution of arousal difference scores (Session 3 – Session 1) per 

group. More negative numbers represent greater alleviations of arousal across the 

experiment. Bottom: Violin plots showing valence difference scores (Session 3 – 

Session 1) across groups, where larger numbers signify more positive valence scores 

at Session 3. Points within each violin represent the mean of the distribution, and 

error bars represent 95% confidence intervals around the mean.  
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The groups did not differ in baseline reappraisal use, F(3, 115) = 0.04, p = .987, 𝜂2 

< .01, suppression use, F(3, 115) = 0.66, p = .580, 𝜂2 = 0.02, or social desirability, F(3, 115) = 

1.79, p = .153, 𝜂2 = 0.05. Regardless, these measures were added into the regression 

model to act as covariates. The effect of group on arousal differences across the 

experiment remained significant after controlling for these measures, F(6, 112) = 3.67, p = 

.002, 𝜂𝑝
2 = 0.16. Furthermore, post-hoc analyses revealed a mild positive correlation 

between reappraisal use and arousal score change, r(28) = 0.33, p = .075. 

There was also a significant difference in accuracy across groups, F(3, 115) = 3.19, 

p = .026, 𝜂𝑝
2 = 0.08. This result was apparently driven by greater accuracy for the 

Reactivation + Regulation group (M = 0.88, SD = 0.12) and the No Regulation group (M = 

0.88, SD = 0.12) than for the No Reactivation group (M = 0.82, SD = 0.12) and the Neither 

group (M = 0.80, SD = 0.12). We note that the former two groups viewed the image (or a 

part of it) 3 times, whereas the latter groups only saw each image twice, which may 

account for the numeric differences across the groups. However, no post-hoc pairwise 

comparisons survived multiple comparisons correction (all p’s > .1). Furthermore, 

accuracy did not correlate with change in arousal across the experiment, r = -0.007, p = 

.936.  

4.4 Discussion 

Using a combined emotion regulation and memory reactivation paradigm, the 

present study sought to determine whether a cognitive reappraisal tactic – spatial 
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distancing – would effectively reduce long-term emotional reactivity to consolidated 

aversive memories when conducted during a period of memory lability. Supporting the 

main hypothesis, participants who voluntarily implemented distancing immediately 

after memory reactivation reported less emotional arousal to the memories two days 

later compared to control groups who did not regulate, did not reactivate, or did 

nothing in the interim. Thus, the combination of reactivating and regulating the 

consolidated emotional memory yielded the strongest subsequent arousal reduction.  

The self-reported arousal reduction occurred despite participants’ continued 

endorsement of the memories as negatively valent. Although prior work has shown that 

distancing can modulate  both arousal and valence ratings when regulation is conducted 

during initial encoding (J. I. Davis, Gross, & Ochsner, 2011), here we found that arousal 

is more sensitive to the impact of distancing on reactivated memories. Neurobiological 

studies have suggested that cognitive reappraisal reduces emotional arousal through 

prefrontal cortical down-regulation of amygdala activity (Buhle et al., 2014; Ochsner & 

Gross, 2008). Future studies employing neurofeedback or neurostimulation tools could 

determine whether targeting these pathways during periods of memory lability 

provides a novel means of long-term arousal reduction for reactivated emotional 

memories.  

Importantly, the subsequent affective impact of spatial distancing on 

consolidated memories was not accompanied by overall memory accuracy impairment 
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compared to the control groups. Distancing has been postulated to create more abstract 

representations of stimuli (Trope & Liberman, 2010), which could, in turn, hinder 

detailed memory reconstruction and lead to arousal reduction as a secondary outcome. 

This explanation of the main findings does not appear to hold, although we note that we 

only tested overall recognition accuracy in the present study. Instead, the results parallel 

those seen in some memory reactivation studies of fear conditioning, in which changes 

in subsequent affective responding can occur in the absence of altered declarative 

memory of the stimulus reinforcement contingencies (Fitzgerald, Seemann, & Maren, 

2014).    

Future research is needed to determine the extent to which the present findings 

could translate into clinical settings. Attempts to therapeutically adapt memory 

reactivation paradigms from the fear conditioning literature have met with limited 

success in part due to the numerous boundary conditions on the experimental paradigm 

itself (Treanor, Brown, Rissman, & Craske, 2017). Here we provide proof of concept for a 

different strategy to combine memory reactivation and emotion regulation in a way that 

may selectively reduce arousal to consolidated declarative emotional memories. If 

supported by further development and translation, the approach introduced here may 

yield a novel behavioral tool to help therapists target a partial, accessible aspect of a 

client’s memories to induce lasting affective change through the principles of regulatory 

memory modification.  
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5. Anxious individuals selectively recruit default mode 
network during recollection after episodic 
counterfactual thinking  

5.1 Introduction 

It is commonly believed that memories are like photographs—moments that are 

captured and then stored forever. In fact, one study has even shown that around fifty 

percent of the U.S. population believes that memories are permanent (Simons & Chabris, 

2011). However, there is significant evidence suggesting that memories fade (Averill et 

al., 1972; Walker, Vogl, & Thompson, 1997), become more semantic (see Piolino, 

Desgranges, & Eustache, 2009), and can sometimes be altered during reactivation (see 

Treanor, Brown, Rissman, & Craske, 2017). This ability to change over time is one of the 

benefits of the memory system, as it allows people to adapt to an ever-changing world.  

In the past ten years, there has been a push to better understand the conditions 

that allow memory modification so that it can be harnessed for therapeutic contexts 

(Kindt & van Emmerik, 2016; Lane et al., 2015; Meir Drexler & Wolf, 2018; Schwabe, 

Nader, & Pruessner, 2014). Work in this area has shown that by reminding people of an 

event in a manner that causes a prediction error, the associated reactivated memory 

enters a labile state and, for a period of time, can be manipulated before it is 

consolidated again (Agren, 2014; Exton-McGuinness et al., 2015; Gershman et al., 2017; 

Lane et al., 2015; Schwabe et al., 2014). To create an effective change, this manipulation 

should interfere with the working memory processes being used to reactivate the 
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memory (James et al., 2015). Researchers are now using this information to introduce 

memory modification into a human context by manipulating cognitive load during the 

labile period, using beta-blockers or other memory altering drugs to interfere with 

consolidation, or using extinction therapy after reactivation of fear memories to 

manipulate how well the memories are remembered at a later time point.  

Despite the progress in understanding the mechanisms of memory modification, 

there is still research needed testing whether memory modification works with more 

general, complex stimuli and in more naturalistic contexts (Treanor et al., 2017). Thus, in 

this study, we attempt to use memory modification to alter the emotional responses to 

negative autobiographical memories. Episodic, autobiographical memories are quite 

complex in nature, differing from one another in duration, age, and content. 

Furthermore, by focusing on negative memories, we can test the validity of utilizing 

modification mechanisms to work with traumatic or otherwise debilitating memories. 

When considering what to use as the manipulation during the memory 

modification, we decided to use counterfactual thinking (CFT), or the tendency to create 

alternative versions of events that have already occurred. For example, after failing an 

exam, a student might imagine what may have happened if they had studied more the 

night before. These “what if” and “if only” scenarios allow people to create alternative 

versions of events to reevaluate reality. For the average person, these simulations can 
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also positively influence later behavior by providing solutions for future situations 

(Epstude & Roese, 2008; Roese & Epstude, 2017).  

We propose utlizing the beneficial aspects of CFT to help modify memories 

because CFT interferes with both the visuospatial components and the emotional 

components of an autobiographical memory. Specifically, creating a counterfactual 

thought requires imagining and altering aspects of the original memory, which may 

interfere with related working memory components active during reactivation. 

Furthermore, CFT has direct emotional consequences. Upward counterfactuals, or 

alternatives that are better than what actually occurred, typically evoke negative 

emotions such as regret or guilt when they are compared to the original event. 

Downward counterfactuals, or alternatives that are worse than what actually occurred, 

evoke positive emotions such as contentment or relief when compared to the original 

event (Kahneman & Miller, 1986; Roese, 1997). CFT is also easy to adapt to each 

individual memory, regardless of its phenomenology. In these ways, CFT may provide 

the perfect manipulation to alter a variety of memories.  

Similarities in neural activation between CFT and memory recall further suggest 

that counterfactual creation may alter the neural representation of a memory. 

Specifically, CFT activates core regions in the brain’s default network (Benoit & Schacter, 

2015; De Brigard, Addis, et al., 2013; Hassabis & Maguire, 2009; Van Hoeck et al., 2015), a 

collection of brain regions implicated in internally focused tasks and mental simulation 
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(Buckner, Andrews-Hanna, & Schacter, 2008). Autobiographical memory recall evokes 

large portions of the default network (Benoit & Schacter, 2015). On the other hand, level 

of default network activation during CFT depends on the content of the simulation. 

Counterfactual thoughts with episodic information are more default network reliant 

than semantic counterfactuals (Parikh, Ruzic, Stewart, Spreng, & De Brigard, 2018) as 

are counterfactuals with more self-relevant versus other-centered information (De 

Brigard, Spreng, Mitchell, & Schacter, 2015).  

In this study, we extended memory modification to a diverse set of stimuli, using 

CFT as the manipulation, to alter the emotional responses to negative autobiographical 

memories. Participants were first asked to provide negative, regretful memories and rate 

them on some baseline emotional measures. They then created upward or downward 

counterfactuals after recollection of negative memories in the scanner. A day later, 

participants recalled all the memories again in the scanner and re-rated them on 

emotional measures. We held two competing hypotheses, based on the Reflection and 

Evaluation Model (Markman & McMullen, 2003). If participants spend the simulation 

time comparing their counterfactuals to reality, we would expect downward 

counterfactuals to be more effective at reducing negative emotions across the 

experiment, as participants should feel better about what occurred in comparison to the 

worse alternative. However, if the participant instead focuses on the emotions felt 

during the simulation, we expect upward CFT to be the most effective at reducing 
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negative emotions, as the positive feelings from a better alternative may be absorbed 

into the actual memory during modification. We also hypothesized that we would find 

different patterns of neural activation in the default network during pre-manipulation 

and post-manipulation memory recall based on manipulation condition. This difference 

would suggest changes in the memory structure as an effect of memory modification 

using CFT. 

Because we are interested in the therapeutic applications of this study, we also 

had our healthy participants report on their trait anxiety symptomology, depression 

symptomology, tendency to worry, and general mood. We expected that participants 

with higher levels of pathology might benefit more from our intervention, as we have 

some evidence to suggest that people who do not use regulation as much in their daily 

lives show greater reductions in affect through memory manipulation (Parikh, 

McGovern, & LaBar, in revision). We also expect that we would see neural differences in 

the default network during memory recollection between high and low anxious or 

depressive participants during memory recollection as well as counterfactual 

simulation, as both disorders are linked to abnormal activity in this network during 

episodic tasks and during rest (Andrews-Hanna, Smallwood, & Spreng, 2014; Buckner et 

al., 2008; Coutinho et al., 2016; Zhao et al., 2007).  
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5.2 Methods 

5.2.1 Participants 

Healthy adults were recruited through online and physical flyers. In order to 

qualify for the study, participants were prescreened via RedCap (Vanderbilt University). 

Participants were excluded if they were over the age of 30, were currently pregnant, did 

not speak English as their first language, were left-handed, had a history of psychiatric 

disorder, or failed to meet MRI safety screening. We also asked participants to fill out 

the trait measure of the State-Trait Anxiety Inventory (STAI-Y2; Spielberger, Gorsuch, 

Lushene, Vagg, & Jacobs, 1983) to determine whether the participant met our cut-off for 

anxiety (STAI score ≥ 40). We aimed to recruit at least 15 individuals with high levels of 

anxiety and 15 with low levels based on previous work looking at group differences 

with counterfactual thinking (De Brigard, Rodriguez, & Montañés, 2017). Fifty-six 

participants were initially recruited for Session 1. Of these, sixteen participants were left 

out of the final analysis due to participant drop out (n = 5), scanner failure (n = 7), or lack 

of adherence to the task (n = 4). The remaining 40 participants (29 women; Mage = 22.73 ± 

3.18; Myears of education = 16.28 ± 2.71; 17 participants with trait anxiety ≥ 40; 26 

Caucasian/White, 9 Asian/Pacific Islander, 3 Black/African American, 2 unstated; 6 also 

identified as Latino/Hispanic, 1 as Native American) were included in both the 

behavioral and fMRI analyses.  
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5.2.2 Questionnaires 

Participants completed four questionnaires to assess individual differences in 

anxiety, depression, and mood: the STAI-Y2, Penn State Worry Questionnaire (PSWQ; 

Meyer, Miller, Metzger, & Borkovec, 1990), Center for Epidemiological Studies 

Depression symptoms index (CES-D; Radloff, 1977), and Positive and Negative Affect 

Schedule (PANAS; Watson, Clark, & Tellegen, 1988). All of these were administered 

after consent during Session 1, except the PANAS, which was administered at the start 

of all three sessions. 
 

5.2.3 Procedure 

In Session 1, participants evoked 45 autobiographical memories of regretful 

decisions they had made in the past 5 years. To assist them, participants were given a 

previously normed list of 50 common decisions, such as “Drinking at a party,” that they 

were told to use for inspiration (De Brigard et al., 2018; De Brigard, Parikh, Stewart, 

Szpunar, & Schacter, 2017). For each memory, participants were asked to provide a short 

description of the memory, a title of the memory, and a series of ratings about how they 

felt about the memory: valence (1-negative to 7-positive), arousal (1-calm to 7-excited), 

level of detail with which it was remembered (1-vague to 7-clear), and how frequently 

they thought of the memory (1-once a year or less to 7-daily). This session occurred in 

the lab, outside the scanner.  
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A week later, participants met the experimenter at the scanner. In Session 2, 

participants were presented with each memory using its title in the scanner. For 12 

seconds, they were asked to recall the event, using the cues: “Remember” “I 

remember…” and the title of their memory aligned vertically on the screen (Figure 1). 

Here, 15 of the 45 trials were randomly chosen to act as catch trials, ending after the 12 

second simulation. The rest of the memories were then manipulated for another 12 

seconds. For 15 other memories, participants created upward counterfactuals during this 

time with the cues “What if” [memory title] “Better,” and for the last 15 memories, they 

created downward counterfactuals with the cues “What if” [memory title] “Worse,” 

again aligned vertically. For both the recollection and the simulation periods, 

participants were instructed to press a button once they had something in mind to 

separate construction from elaboration of the memory or counterfactual thought. 

Recollection and CFT manipulation were separated by a 1.5 second fixation cross screen. 

Trials were separated by a fixation cross for 1.5 seconds followed by 3, 4.5, or 6 seconds 

of an odd/even task as an active, jittered intertrial interval. In this task, participants saw 

random numbers between 0 and 100 for 1.5 seconds each. They were asked to respond 

whether the number was odd or even as quickly as possible in that time period.   

Twenty-four hours after Session 2, participants came back to the scanner and 

were asked to reactivate all their memories. They first had to recall the memory for 12 s 

with a remember cue as was given in Session 2. During this period, participants were 
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again instructed to press a button once they had the memory in mind. Then, they were 

asked to re-rate their memory on the same dimensions as in Session 1 based on how they 

just felt while recalling them. Specifically, participants gave updated ratings of valence 

(1-negative to 7-positive), arousal (1-calm to 7-excited), and detail (1-vague to 7-clear). 

They were also asked whether that memory was associated with upward, downward, or 

no counterfactual manipulation during the previous fMRI session as a source memory 

test. Each rating screen was displayed for 4 seconds. Trials were separated by a fixation 

cross that was presented for a total of either 4.5, 6, or 7.5 seconds. (See Figure 19 for a 

visual depiction of the experimental methods.)  

 

 

Figure 19: Visual depiction of the experimental paradigm. Session 1 was 

completed in the laboratory, while Sessions 2 and 3 were completed in an fMRI 

scanner.  
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5.2.4 Scanning parameters 

The scanning session was completed in a 3T GE MR750 Scanner. The scan started 

with a localizer and a high-resolution T1-weighted structural scan (162 1 mm slices, TR = 

8.16 ms, TE = 3.18 ms). These were followed by six runs of functional scans using a 

whole brain, gradient-echo, spiral-in sequence (TR = 2 s, TE = 30 ms, FOV = 240 mm, 

Matrix Size = 64x64, Flip Angle = 80). Slices were acquired in an interleaved fashion (36 

x 3.8 mm slices, slice gap of 0.076 mm). Foam padding was put around the participants’ 

heads inside the head coil to ensure minimal head movement. The experimental task 

was projected into the scanner and viewed by the participants from a mirror placed 

above the head coil. Stimuli were presented in white font on a black background using 

Psychtoolbox software (Brainard, 1997). Responses were made on two 4-button MR-

compatible response boxes held in each hand. An extra 8 seconds of fixation (4 TRs) 

were included at the beginning of each run that were dropped from analysis.  

5.2.5 Preprocessing and Analysis 

Ratings responses were analyzed for each condition using linear mixed effects 

models (LMEMs) and Pearson correlations. Results were corrected for multiple 

hypothesis testing used Holm’s method, and confidence intervals for LMEMs were 

calculated using 1000 bootstraps. Functional fMRI data were preprocessed in SPM8 

(Wellcome Department of Cognitive Neurology, London, UK) implemented in 

MATLAB (Mathworks, Natick, MA). Images were realigned, segmented using the SPM 
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add-on VBM8 (Structural Brain Mapping Group, Jena, Germany), co-registered, re-sliced 

and normalized to the MNI template (2 x 2 x 2 mm), and smoothed with a 6-mm full-

width at half maximum isotropic Gaussian kernel. 

Preprocessed neuroimaging data were analyzed using a spatiotemporal partial 

least squares (PLS) analysis toolbox (Baycrest, University of Toronto) implemented in 

MATLAB. PLS is a multivariate approach that extracts whole brain activity correlated 

with task (Krishnan, Williams, McIntosh, & Abdi, 2011). PLS allows for the simultaneous 

analysis of multiple conditions across all voxels at once, to assess both patterns of 

dissociation and convergence. We were particularly interested in mean-centered PLS 

analyses, which are entirely data-driven. The analysis returns a number of orthogonal 

components (Latent Variables, LVs) that explain correlations between the brain data and 

the experimental design, with each subsequent LV explaining less of the variance seen in 

the data. For each LV, conditions receive a “brain score,” which is a whole brain 

composite activity value, that is used to compare conditions based upon overlapping or 

non-overlapping confidence intervals determined from a bootstrap analysis. These brain 

scores can be used to indicate the level with which each condition correlates with the 

brain regions identified by the LV. We ran two mean-centered PLS analyses, one that 

included only the times during CFT during Session 2, and one that included only 

activity during memory recollection, including activity from Session 2 and Session 3. For 

ease of comparison, participants were binned into a low anxious and a high anxious 
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group based on their STAI score (participants with a score of 40 or higher were coded as 

high anxious). For all participants, neural activity from the 12 seconds (i.e., 6 TRs) 

following the simulation instruction screen was captured from each trial and binned into 

appropriate conditions. Activity during these periods was normalized relative to the 

first TR of the trial. The significance of each LV was determined by permutation testing 

using 500 permutations, and its reliability was determined by 100 iterations of bootstrap 

resampling. Clusters larger than 40 mm3 (~10 voxels) comprising voxels with a 

bootstrapped ratio (BSR, determined by ratio of voxel salience to standard error) greater 

than 3.2 (approximately p < .0014) are reported. Since PLS analyses occur in a single step, 

no multiple comparisons correction is needed. Reported clusters are extracted from the 

TR that displayed the maximal separation between conditions. Chosen TRs are 

displayed as a black box around each LV’s Temporal Brain score plot (see Figures 22B, 

23B, 24B).  

5.3 Results 

5.3.1 Behavioral Analysis 

Anxiety score (STAI) and depression score (CES-D) were highly correlated across 

participants, r = 0.745, t(38) = 6.88, p < .001, 95% CI [0.564, 0.857]. Since STAI scores were 

more evenly distributed across our participant pool, we decided to use this as the main 

individual difference measure in our linear mixed effects models (LMEMs). Anxiety also 

correlated significantly with initial valence and arousal, where people with higher 
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anxiety reported less negative memories, r = 0.160, t(1752) = 6.80, p < .001, 95% CI [0.114, 

0.206], and more arousing memories, r = 0.129, t(1759) = 5.44, p < .001, 95% CI [0.082, 

0.174]. Thus, these measures were used as covariates in the main LMEMs. 

 A LMEM was run separately on valence difference score, arousal difference 

score, detail difference score, and source memory accuracy. Each model included 

simulation condition and anxiety score as regressors, and subject and the intercept as 

fixed variables. In the model for valence difference score, after accounting for the 

memory’s initial valence rating, there was a main effect of anxiety level, such that people 

with higher levels of anxiety showed less of an increase in valence across the  

 

Figure 20: Relationship between anxiety level and change in valence across the 

experiment. Valence difference score has been calculated by subtracting the valence 

rating of a memory on Session 1 from the valence rating at Session 3. The plotted 

points in this graph have also been corrected for initial valence score and averaged 
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per condition for each participant. The shaded region denotes standard error around 

the fitted line. 

experiment, b = -0.015, SE = 0.007, t(74.97) = -2.31, p = .024, 95% CI [-0.028 -0.003], (Figure 

2). There was also a trending interaction between anxiety level and condition, such that 

people with higher anxiety felt more positively about memories that were manipulated 

with upward CFT than memories that were simply remembered, b = 0.011, SE = 0.006, 

t(1712) = 1.830, p = .068, 95% CI [-0.001, 0.022], (Figure 20). This trend is particularly true 

for individuals with higher levels of anxiety (STAI > 39).  

 The LMEMs looking at arousal difference score, detail difference score, and 

source accuracy resulted in no significant results. However, because we have reason to 

believe depression might affect detail and thus, accuracy more than anxiety affects these 

measures (Morgan, 2010; Wessel et al., 2001), we also ran these analyses using 

depression instead of anxiety. The detail analysis using depression was not a better fit 

for the data than the anxiety model (BIC = 6140.9 for anxiety, BIC = 6141.0 for 

depression), so we did not use this model.  However, the source accuracy model with 

depression was a better fit for the data (BIC = 2214.9) than the model with anxiety (BIC = 

2216.0) and was thus included. In this new analysis, depression score did significantly 

interact with condition to affect source memory accuracy, such that people with higher 

depression levels were less accurate when creating upward CFT, b = -0.048, SE = 0.018, z 

= -2.706, p = .007, 95% CI [-0.083, -0.013], and downward CFT, b = -0.048, SE = 0.018, z = -

2.580, p = .010, 95% CI [-0.080, -0.011], compared to remembering the item (Figure 21).  
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Figure 21: Source accuracy across depression level, separated by condition. 

Plotted values show averages per participant. The shaded region denotes standard 

errors around the fitted line. The vertical line across all three graphs shows the level 

of performing at chance, 33%. 

5.3.2 Recall-only PLS analysis 

To compare activity during memory recall across the two sessions, a mean-

centered PLS analysis was run including the Session 2 recall time as well as the Session 3 

recall time, but the latter was separated into conditions based on the memory’s Session 2 

manipulation. This led to 4 conditions: remember (Session 2 recall), rem_better (recall 

during Session 3 of memories previously reactivated as upward counterfactual 

thoughts), rem_worse (recall during Session 3 of memories previously reactivated as 

downward counterfactual thoughts), and rem_neither (recall of memories during Session 

3 that were simply reactivated previously). This analysis revealed two significant LVs. 

The first (LV1; p < .001) accounted for 72.74% of the crossblock co-variance and 
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separated Session 2 recall from Session 3 recall (Figure 22A). Session 2 recall was 

associated with activity in left angular and middle temporal gyri with extensions over 

bilateral hippocampi, right inferior parietal lobe, right postcentral gyrus, and left 

precentral gyrus. Some regions associated with Session 3 recall included bilateral 

inferior frontal gyri, bilateral lateral parietal lobe, left superior parietal lobule, left 

inferior occipital gyrus, right insula, and bilateral thalamus (Table 3). It is important to 

note that some of the clusters in this region fall in the range of thousands of voxels in 

size, suggesting general widespread activity during recollection (Figure 22C). 

The second LV (LV2; p < .034) accounted for 11.27% of the remaining cross-block 

co-variance (Figure 23A). This second LV indicates that for people with higher levels of 

anxiety, memories that were reactivated with an upward counterfactual thought 

engaged a different pattern of neural activity relative to those reactivated with a 

downward counterfactual thought. For participants with lower anxiety, the pattern of 

activity associated with memories reactivated during downward CFT resembled but 

was still significantly different from memories reactivated during downward CFT for 

participants with higher anxiety. No significant clusters supporting upward CFT over 

downward CFT survived cluster thresholding. However, downward CFT was 

associated with a wide range of regions (Table 4), including bilateral putamen, bilateral 

precuneus, bilateral lateral prefrontal areas, left cingulate gyrus, and bilateral occipital 

areas (Figure 23C). 
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Table 3: Activity from LV1. Hemi. = hemisphere, BA = Brodmann’s Area, 

coordinates are in MNI space, Cluster size is in voxels, BSR = bootstrap ratio, L = left, 

R = right. 

Region Hemi. BA x y z Cluster size BSR 

Session 3 recall > Session 2 recall 

Inferior Frontal Gyrus 
L 9 -44 0 24 397 9.75 

R 9 46 4 26 201 5.70 

Superior Parietal Lobule L 7 -28 -64 44 2447 8.41 

Postcentral Gyrus R 3 46 -20 46 2615 8.33 

Inferior Temporal Gyrus R 37 42 -68 -10 1268 7.71 

Cingulate Gyrus L 24 -10 0 50 670 7.10 

Inferior Occipital Gyrus L 18 -38 -86 -10 1273 6.77 

Midbrain L  -- 0 -28 -8 157 6.14 

Thalamus 
R -- 8 -14 2 99 5.02 

L -- -10 -20 2 18 3.62 

Insula R 13 34 18 4 74 4.93 

Precuneus R 7 28 -66 28 36 4.07 

Session 2 recall > Session 3 recall 

Angular Gyrus L 39 -46 -70 24 65967 -14.07 

Subcallosal Gyrus R 25 2 4 -12 167 -5.98 

Cerebellum R -- 8 -54 -46 89 -4.81 

Inferior Parietal Lobule R 40 
44 -50 54 79 -4.70 

60 -36 44 32 -3.70 

Postcentral Gyrus R 2 58 -24 32 86 -4.12 

Precentral Gyrus L 
4 -16 -26 60 59 -3.73 

6 -46 -14 30 46 -3.71 
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Table 4: Activity from LV2. No significant clusters for Rem_Better > 

Rem_Worse after voxel thresholding. Hemi. = hemisphere, BA = Brodmann’s Area, 

coordinates are in MNI space, Cluster size is in voxels, BSR = bootstrap ratio, L = left, 

R = right. 

Region Hemi. BA x y z Cluster size BSR 

Rem_Worse > Rem_Better 

Cingulate Gyrus L 
24 -10 2 48 2788 -8.12 

31 -16 -24 36 64 -4.56 

Putamen 
R --  32 -2 14 1513 -6.68 

L -- -32 -20 -2 12 -3.63 

Precuneus 

L 7 -28 -54 50 3012 -6.54 

R 7 
18 -60 56 65 -4.26 

8 -60 48 111 -3.99 

Middle Frontal Gyrus 
L 11 -28 42 -16 1999 -6.29 

R 6 22 -18 58 40 -3.94 

Middle Occipital Gyrus L 19 -50 -82 12 1495 -6.23 

Inferior Frontal Gyrus 

L 9 -46 2 26 1133 -6.21 

R 
44 62 16 16 84 -4.85 

47 52 38 -10 24 -3.99 

Superior Frontal Gyrus R 10 22 46 -2 2213 -5.97 

Inferior Occipital 

Gyrus 
R 19 38 -78 -10 585 -5.71 

Precentral Gyrus R 

4 32 -16 48 2566 -5.71 

6 44 -16 30 49 -4.17 

4 48 -18 46 10 -3.40 

Cerebellum 
R -- 

28 -56 -24 418 -5.42 

8 -68 -28 158 -5.03 

L -- -14 -62 -34 26 -3.56 

Paracentral Lobule R 6 8 -32 52 63 -4.67 

Superior Temporal 

Gyrus 

R 38 50 14 -20 24 -4.39 

L 22 -54 -46 8 17 -3.79 

R 39 46 -52 14 19 -3.58 
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Postcentral Gyrus 

R 43 52 -12 14 147 -4.35 

L 3 
-22 -34 66 29 -3.98 

-22 -36 50 14 -3.72 

Midbrain 
L -- -16 -22 -8 117 -4.18 

R -- 2 -26 -8 44 -3.97 

Caudate L -- -8 16 0 111 -3.92 

Thalamus R -- 16 -20 6 156 -3.82 

Anterior Cingulate L 32 
-16 36 20 24 -3.77 

-14 20 26 15 -3.64 

Pons L -- -8 -26 -36 27 -3.76 

Cuneus R 18 8 -74 16 44 -3.76 

Medial Frontal Gyrus R 25 12 8 -16 10 -3.72 

Posterior Cingulate R 23 8 -40 20 24 -3.61 

Insula R 13 52 -38 20 11 -3.40 

 

5.3.3 CFT-only PLS Analysis 

To investigate neural differences during upward versus downward CFT 

creation, a mean-centered PLS analysis with only the CFT conditions was conducted. 

This analysis revealed one significant latent variable (LV3; p < .052) accounting for 

67.42% of the crossblock co-variance. LV3 separates downward from upward 

counterfactuals and suggests that the pattern of activation is driven by participants with 

higher rather than lower levels of anxiety (Figure 24A). Additionally, LV3 indicated that 

upward CFT correlated with activity in the right medial frontal gyrus and the right 

middle temporal gyrus. By contrast, downward CFT correlated with activity in regions 

including left lateral temporal gyri, right supramarginal gyrus; bilateral superior, 
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middle, and inferior frontal gyri; bilateral middle temporal gyrus; right medial frontal 

gyrus; left cuneus; and left inferior parietal gyrus (Table 5; Figure 24C).  

 

 

 

 

 

 

Figure 22: Activity from LV1. A) Brain scores separating first recall from 

second recall. Error bars represent confidence intervals from bootstrapping. B) 

Temporal brain scores across time (measured in TRs). The black box denotes the TR 

of largest separation between conditions. C) Brain activity from TR 5. Warm colors 

denote first recall; cool colors are for second recollection. Brain images are 

thresholded at BSR 3.23. 
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Figure 23: Activity from LV2. A) Brain scores separating memories that were 

manipulated with upward vs. downward CFT. Error bars represent confidence 

intervals from bootstrapping. B) Temporal brain scores across time (measured in 

TRs). The black box denotes the TR of largest separation between conditions. C) 

Brain activity from TR 4. Cool colors correlate with activity from memories with 

downward CFT (Rem_Worse). Brain images are thresholded at BSR 3.23. 
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Figure 24: Activity from LV3. A) Plot of brain scores for each condition. Error 

bars represent confidence intervals from bootstrapping. B) Warm colors correspond 

with upward (better) CFT, cool colors correspond with downward (worse) CFT. Both 

activity pattern colors range from BSR thresholds 3.23 to 5. 
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Table 5: PLS LV3 results. The table displays regions that significantly 

contributed to LV3, TR 6. Hemi. = hemisphere, BA = Brodmann’s Area, coordinates are 

in MNI space, BSR = bootstrap ratio, L = left, R = right. 

Region Hemi. BA x y z Cluster size BSR 

Better > Worse 

Medial Frontal Gyrus R 10 2 62 -2 12 4.36 

Worse > Better 

Supramarginal Gyrus L 40 -60 -58 34 76 -5.46 

Cuneus R 19 8 -92 30 21 -4.88 

Superior Frontal 

Gyrus 

R 9 6 52 38 121 -4.79 

L 
10 -18 56 24 55 -4.18 

8 -10 30 54 10 -3.53 

R 8 22 34 50 11 -3.38 

Inferior Frontal Gyrus 
R 45 58 26 14 14 -4.58 

L 47 -48 24 -2 68 -3.82 

Inferior Parietal 

Lobule 
L 

40 -64 -38 40 10 -4.40 

40 -56 -48 48 13 -4.20 

Middle Occipital 

Gyrus 
R 19 38 -94 6 19 -4.26 

Angular Gyrus L 39 -48 -78 32 11 -3.88 

Cerebellum L -- -24 -84 -36 12 -3.77 

Middle Temporal 

Gyrus 
L 39 -46 -66 30 22 -3.74 

 

5.4 Discussion 

Altering memories using emotional memory modification may allow for robust 

changes to negative stimuli in a therapeutic context. As a first pass, in this study, we 

compared anxious and non-anxious individuals’ emotional responses to negative 

episodic autobiographical memories before and after either attentively remembering 

them or reactivating them in either a downward or an upward counterfactual thought. 
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Additionally, we explored differences in neural activation for such memories before and 

after reactivation.  

As expected, creating a counterfactual during memory reactivation helped 

ameliorate negative feelings post-manipulation. To our surprise, however, 

counterfactual thinking only outperformed simply recalling the memory for participants 

with high levels of trait anxiety. We had hypothesized differing results based on 

participants’ anxiety and depression score, but we expected the combination of 

reactivation and counterfactual thinking to be generally effective over remembering the 

memory. Instead, our results suggest that creating an upward counterfactual after 

memory reactivation may especially result in a more positive valence difference score 

for people with higher anxiety. This result is surprising for two reasons. First, it does not 

agree with previous work examining how CFT alters associated memories. De Brigard et 

al. (2018) showed the opposite effect: CFT actually prevented the affect fading seen from 

simply remembering a memory. However, our paradigm is slightly modified from this 

prior study, as it includes a memory reactivation component prior to counterfactual 

creation, whereas the prior study attempted to induce both the reactivation and 

manipulation components of memory modification with counterfactual thinking 

directly. Our extra reactivation may have allowed the counterfactual simulation to act 

more like a manipulation on the memory.  
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This benefit of upward CFT is the second unexpected finding, though, as upward 

counterfactual thoughts are typically the main contributors to maladaptive rumination. 

Creating upward counterfactual thoughts loads onto other thought processes of post-

event processing and maladaptive rumination (Rachman et al., 2000), and a high level 

of regret, a feeling largely induced by comparing upward counterfactual thoughts to 

reality, is associated with anhedonic depression and anxious arousal (Roese et al., 2011). 

However, our results suggest that participants are reflecting on the counterfactual event, 

as opposed to comparing it to reality, whereas natural rumination involves more 

evaluating or comparing (Markman & McMullen, 2003; Markman, McMullen, & Elizaga, 

2008). By asking the participant to imagine a better version of the event for twelve 

seconds, we may be asking them to immerse in a positive story, which makes them feel 

more positively. Because the CFT is being used as a manipulation, these positive 

emotions are being incorporated into the original memory, therefore creating a positive 

valence boost. This positive boost might also be a result of participants creating 

counterfactual thoughts about the situation rather than about themselves, because this 

study explicitly asks participants how they think the event could have gone better. 

Situational, controllable alternative scenarios may help the participant prepare for such a 

future scenario, which may in turn boost affect in the moment.  

This positive boost from upward counterfactuals might explain why clinical 

psychologists have found success in treatment for a variety of disorders with a task 
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much like CFT. Called imagery rescripting, this procedure involves having clients 

modify content of existing aversive memories to more positive images (Holmes, Arntz, 

& Smucker, 2007). After this brief intervention, clinicians saw improved primary and 

secondary treatment outcome measures for social anxiety disorder, posttraumatic stress 

disorder, and major depression (Morina et al., 2017). Furthermore, some therapists 

claimed that this technique was less stressful for the client than completing traditional 

exposure therapy, as it required a shorter number of sessions to take effect and did not 

require clients to handle the aversive memory directly (Arntz, Tiesema, & Kindt, 2007). 

Thus, there is great motivation to conduct more controlled studies on the clinical 

applications of upward CFT as memory modification.  

Interestingly, we do not see a worsening of affect from the downward 

counterfactual thoughts, suggesting that these simulations are not being reflected upon 

or incorporated in the same manner. The difference between the effects of upward 

versus downward counterfactuals might be explained by the differential neural activity 

seen during counterfactual simulation, especially for people with high anxiety (Table 5, 

Figure 24). Though only one area was significantly active for upward > downward 

counterfactuals, the ventromedial prefrontal cortex (vmPFC) has been implicated in 

integrating affect and context during CFT (Barbey, Krueger, & Grafman, 2009; Van 

Hoeck et al., 2015) and has also been shown to be active during positive over negative 

future simulation (D’Argembeau, Xue, Lu, Van der Linden, & Bechara, 2008). The 
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vmPFC has also been implicated generally in processing self-referential processing 

during autobiographical memory (Cabeza & St Jacques, 2007; Svoboda, McKinnon, & 

Levine, 2006), mentalizing long-term self vs. other preferences and norms (Van 

Overwalle, 2009), and updating reward-value associations and incorporating CFT into 

memory processes (Van Hoeck et al., 2015). In conjunction, these findings suggest that 

upward counterfactual thoughts may be more pertinent to the self, better processed for 

future plans, and incorporated more strongly into memory representations than 

downward counterfactuals, which may help to explain why they are more effective at 

reducing negative affect. On the other hand, downward counterfactual thoughts were 

associated with more activity in dorsomedial PFC, lateral fronto-parietal regions, and 

right cuneus, which are regions that tend to be implicated in semantic knowledge, 

cognitive control, and vividness (Van Hoeck et al., 2013, 2015), which may have less 

interaction with emotional systems active during memory reactivation. Furthermore, we 

see these representations are stronger in people with higher levels of anxiety, suggesting 

the associations and incorporation may be stronger for them. 

We expected different patterns of neural activation during pre- and post-

recollection to demonstrate effective memory modification. Though the data did not 

naturally separate along this division, we did see some evidence for a difference in 

memories after manipulation. Recollection of a memory the second time around 

correlated with higher activity levels in more lateral regions of the default network than 
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recollection the first time (Figure 5A). The first recall generally included more 

sensorimotor activity, medial, and occipital activity, while second recall included more 

lateral activity (Table 3). The former resembled typical mental simulation areas, whereas 

the latter included regions often associated with cognitive control (Van Hoeck et al., 

2015). However, the significant clusters contain large numbers of neighboring voxels 

(Figure 22C), making it difficult to interpret whether many areas with seeming activity 

are truly contributing to the separation of these conditions. 

More interestingly, we found a difference during post-task recollection between 

memories that were manipulated using upward versus downward counterfactual 

thoughts, particularly in individuals with higher levels of anxiety. The participant 

completed the same task during this time, which was simply to recall the memory again. 

Thus, the difference in neural activity can only be explained by changes that occurred 

prior to recall, suggesting that the CFT manipulation affected the make-up of the 

memory. Though no significant regions remained for memories manipulated using 

upward counterfactual thinking (Table 4), memories with downward counterfactual 

manipulation showed stronger activity in regions across the default mode network, 

including areas such as anterior and posterior cingulate gyrus, precuneus, and 

orbitofrontal cortex (Figure 23C).  

We also found differences in pre- and post-manipulation ratings for 

autobiographical memories as a function of anxiety and depression level. Specifically, 
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participants with higher anxiety level did not report as much of a decrease in valence 

across the experiment as did participants with lower trait anxiety. In fact, many higher 

anxiety participants had negative valence difference scores, suggesting their reaction to 

the memories became more negative across the experiment, especially for the memories 

that were simply remembered and not manipulated with CFT. This result is consistent 

with findings suggesting that people with high trait anxiety do not display affective 

fading for autobiographical memories (Walker, Yancu, & Skowronski, 2014) and that 

rehearsal of the memory is what may prevent affective fading in people with higher 

levels of depressives symptomology (Marsh, Hammond, & Crawford, 2019). Generally, 

it seems as though affect fading is moderated by changes in memory vividness 

(Lindeman, Zengel, & Skowronski, 2017). However, memory vividness alone does not 

seem to explain the differences we see across anxiety, as reported detail of the memory 

is not significantly correlated with anxiety level.  

We hypothesized that we would see neural differences between high and low 

anxious participants during memory recollection. While our initial, data-driven analysis 

did not separate low and high anxiety groups entirely, we did see some instances where 

anxiety level seemed to amplify the results seen in our findings, as mentioned above. In 

order to better elucidate the effects of anxiety on memory modification, future analyses 

such as a parametric modulation with anxiety as well as a representation similarity 

analyses for pre- and post-experiment recall should be conducted. By including anxiety 
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as a moderator in these analyses, we can better understand whether anxiety is 

specifically affecting the efficacy of this intervention.  

Lastly, we also noticed general differences between participants who self-

reported higher versus lower pathological symptomology. Participants who scored 

higher on anxiety (and depression) reported memories that were generally more 

positive and more arousing than those with lower anxiety scores. This finding seems to 

contradict previous work, which suggests a bias towards negative memories during 

retrieval for people higher in trait anxiety (Burke & Mathews, 1992; Richards & 

Whittaker, 1990). However, these studies often assess retrieval biases by giving 

participants a cue word. It is possible that participants with higher anxiety are able to 

produce more negative memories than people with lower levels of anxiety, but when all 

are forced to select negative memories, people with higher anxiety are unable or 

unwilling to access the most negative of their memories. However, this group still rates 

these memories as more arousing, suggesting it may instead be a matter of attributing 

negative affect to intensity instead of valence.  

Creating upward counterfactual thoughts to reduce the negativity felt toward a 

memory can be a powerful therapeutic tool. With further study of the mechanisms 

behind counterfactual modification, techniques such as imagery rescripting can be fine-

tuned to provide the quickest, most effective change for clients dealing with aversive 

memories. In the future, research needs to be extended to clinical populations, as there 
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are few controlled studies examining the effectiveness of memory modification in 

applied contexts. Furthermore, by investigating which brain regions are associated with 

positive changes, therapies involving transcranial or deep brain stimulation can be 

developed to help participants that may struggle to imagine alternative scenarios 

themselves.  
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6. Conclusion: General Discussion and Future 
Directions 

This dissertation set out to evaluate the efficacy and utility of counterfactual 

thinking (CFT) as an intentional emotion regulation technique. Previous CFT theorists 

have suggested that in certain situations, CFT can be used naturalistically to aid with 

mood repair (Roese & Epstude, 2017; Sanna, 2000). However, these theories are largely 

based on observational or consequential findings in studies on counterfactual usage 

during decision making or future planning. These studies also focus largely on the 

immediate emotions associated with CFT but do not examine the long-term emotional 

effects of CFT usage. Thus, the work in this dissertation aims to quantify how effective 

CFT truly is and whether people can be trained to use it in an intentional manner.  

6.1 Chapter Summaries 

The introductory chapter, Chapter 1, lays the foundation for why counterfactual 

thinking may be effective at downregulating negative emotions. A process model of CFT 

is proposed, and this model is integrated into the existing process model of emotion 

regulation in an attempt to merge the two fields for the first time. CFT serves as a 

response focused emotion regulation technique, as it occurs in response to a stimulus. 

However, because it reactivates memory content, CFT also allows for new antecedent-

focused processing that may not have occurred prior to the presentation of the original 

stimulus. By allowing for situation modification, cognitive processing, and new 

response behavior, CFT brings individuals through the emotion regulation cycle once 
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again, giving them new opportunities to bring about the desired outcome behaviors. In 

this manner, CFT presents itself as a dynamic, modular tool to use during emotional 

distress.  

Chapter 2 puts CFT to the test in a comparison against an established cognitive 

reappraisal technique, temporal distancing. In a typical emotion regulation paradigm, 

participants are asked to manipulate negative, regretful memories by creating 

downward counterfactual thoughts (or worse alternatives of reality), using temporal 

distancing (or imagining how they would feel about those memories 10 years from 

now), or simply recollecting what happened in the memory. We found that CFT did in 

fact reduce reported negativity towards the memory, arousal in response to the memory, 

and regret associated with the memory day after manipulation, but not to differing 

levels than the passive remember control or the active reappraisal control.  However, 

CFT and temporal distancing were more effective at reducing arousal in participants 

that reported higher levels of trait anxiety symptomology, and CFT was especially more 

effective for people with higher anxiety at reducing regret associated with a memory. 

Perhaps CFT is selectively useful for people with higher levels of anxiety.  

To understand why this might be the case, the research in Chapter 3 examines 

the differences in counterfactual and memory simulation across levels of anxiety 

symptomology. Perhaps people with higher anxiety are creating fundamentally 

different counterfactual thoughts, which is why they benefit from the technique more 
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than their lower anxious counterparts. We found that, indeed, participants with higher 

levels of anxiety reported that their memories and simulations included less specific 

details than people with lower anxiety, and they thought of their counterfactual 

simulations from a third person point of view more often. People with higher levels of 

anxiety specifically had more trouble imagining better alternatives to their memories 

than people with lower anxiety. Better alternatives were considered less likely to occur, 

they were generally remembered with less confidence, and people with higher levels of 

anxiety had more trouble imagining how they would have felt in those better situations.  

The number of differences in specific detail between counterfactuals created by 

participants low and high in anxiety suggests there are fundamental reactivation 

differences between these groups. This concept led us to think about another possible 

usage for CFT: memory modification. Recent work in this area suggests that when 

memories are reactivated with some amount of prediction error, they can be 

manipulated and re-consolidated with new information (Agren, 2014; Exton-

McGuinness et al., 2015; Gershman et al., 2017). Because CFT causes an imperfect 

recollection in people with high levels of anxiety, we thought that it might be a perfect 

candidate to cause emotional change during memory modification. 

However, little to no work has been done on emotional memory modification, 

especially with emotion regulation techniques and episodic, autobiographical memories. 

Thus, Chapter 4 serves as a proof of concept for emotional memory modification. Using 
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picture memories and a different cognitive reappraisal technique, spatial distancing, we 

explored whether emotion regulation techniques in a memory modification paradigm 

could effectively alter the emotional response to a memory in a lasting manner. We 

found, that compared to control groups that completed only parts of the memory 

modification paradigm, the experimental group showed significantly greater decreases 

in arousal by the end of the experiment compared to the control groups. We also found 

that participants who used reappraisal techniques less often in their daily lives were 

more likely to benefit from this manipulation, suggesting again that perhaps these 

techniques are best for people who need the training the most. 

With our proof of concept providing positive results, Chapter 5 used a similar 

paradigm to examine whether emotional memory modification would also work with 

CFT. We found that, again, for people with higher levels of anxiety, there did seem to be 

an increased reduction of negative emotion when they manipulated memories using 

upward CFT, or creating better versions of the event. This finding is consistent with 

what we saw in Chapter 3, as upward counterfactual thoughts were the most difficult to 

imagine for people with higher levels of anxiety, suggesting that they may have created 

the most prediction error. However, it is interesting that the most effective at 

downregulating negative emotion in this context was creating better CFT and not a 

worse CFT, as the former is commonly associated with regretful feelings whereas 

creating a worse version is more commonly associated with relief and contentment. 
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Perhaps the in the moment good feelings from the better CFT carried into the concept of 

the original memory during memory modification.  

We also used an exploratory, data-driven analysis to compare pre- and post-CFT 

manipulation neural activity. We found that, in people with greater than average 

anxiety symptomology, parts of the default mode network were differentially activated 

for memories that were manipulated with better versus worse counterfactual thoughts, 

suggesting that there might be some fundamentally different process occurring in the 

brain during counterfactual thinking that permeates into the memory engram in a 

manner that is distinguishable at a later point. Though this finding needs to be studied 

in more depth, it suggests that memory modification may in fact be the mechanism 

driving the changes we see.  

Overall, this set of studies suggests that CFT can be used as an intentional 

emotion regulation technique, especially for people who tend to feel more anxious. 

Specifically, it seems as though anxious participants might be able use CFT to concepts 

of a memory because they do not have as strong of a memory concept to begin with. By 

harnessing this mechanism further, we may be able to provide specific populations with 

targeted interventions to help them downregulate negative memories.    

6.2 Future Directions 

This dissertation serves as the tip of the iceberg for emotional counterfactual 

thinking. The studies outlined above focus solely on the creation and processing stages 
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of counterfactual thinking, and within those, we only manipulate counterfactual 

creation. Thus, many future studies can be conducted to understand the full power of 

counterfactual emotion regulation.  

A first step would be to assess counterfactual response behavior as a 

consequence of emotional CFT. Specifically, after using CFT in either a pure regulatory 

or in a memory modification context, can we also observe increases in future planning 

and preparedness? One way to study this would be to present participants with a 

stressful scenario, e.g. ask them to give a public speech. Once they have completed the 

task, participants can be asked to create certain types of counterfactual thoughts, or to 

use a different technique, to regulate their feelings about the experience. At a later, date 

participants will be asked to perform a similar task once again. Will we see differences in 

preparedness in participants that have created counterfactual thoughts over the others? 

This sort of study can begin to uncover the added benefits of using CFT as an emotion 

regulation technique.  

We also could examine other paths down the counterfactual model. For example, 

we manipulate counterfactual valence, i.e. is it worse or better than the original event, 

but not whether participants are creating additive or subtractive counterfactual 

thoughts. This manipulation may allow participants to regulate in a manner that 

prepares them for either analytical or creative tasks, which could prove especially useful 

in an academic setting.  
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Lastly, this work could be better tested in clinical populations. Most of the work 

in this dissertation is conducted with samples screened for clinical diagnoses. In future 

studies, people should examine whether participants with debilitating levels of anxiety, 

or other disorders implicated in emotion dysregulation, react similarly to the high 

anxiety subclinical participants in this study. CFT must be heavily tested to determine 

the full range of its efficacy. 

Increasing the diversity of our sample may also alter the types of counterfactual 

thoughts used during emotion regulation. There is some work showing that individuals 

with higher levels of depression or more intense emotions benefit more in the short-term 

from distraction or avoidant techniques as opposed to cognitive or acceptance 

techniques (Aldao et al., 2010; Joormann et al., 2007). Thus, we may want to ask 

participants with more significant mood disorders to focus on reflecting on the 

alternative event instead of evaluating how the new event compares to reality, as the 

former is more of an avoidance technique than the latter.   

The field of emotion regulating counterfactual thought is one of open discovery. I 

hope that others will take this research and use it to benefit the lives of those who 

struggle to regulate negative memories on their own.    
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