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Abstract

This thesis explores an instinctive and crucial aspect of mental simulation in human
cognition, specifically counterfactual thinking, which involves mentally simulating
alternative outcomes of past events (e.g., "things would have been better for me if...").
Counterfactual thinking plays a role in learning, decision-making, and emotions.

Five original research studies explored different aspects of counterfactual thinking,
including its internal characteristics, and differences from other forms of reasoning
such as prefactual and causal thinking. The development of counterfactual reasoning
(St. 1-2), as well as its variation based on context (St. 3) and task type/event (St. 3-4-
5), has been investigated.

In particular, this thesis has three main aims. The first is to determine the age at which
children can generate valid counterfactual thinking (CFT) similar to adults. The
second is to analyze the cognitive mechanisms involved in producing CFT. The third
aim is to identify distinctive characteristics of CFT in contrast to other forms of
thinking, such as prefactual (e.g., “Things in the future might turn out differently if
only...”) and causal thinking (e.g., “Things turned out this way because...”). Particular
attention was paid to examining the content of the generated counterfactuals.

The studies used various experimental paradigms: participants completed tasks or
reflected on daily events before generating counterfactual thoughts. Moreover,
participants completed questionnaires about their performance or a personal situation
they were experiencing, thoughts, moods, behaviors, intentions, and personal
characteristics.

The results of Studies 1 and 2 showed that the majority of children aged 8-13 generate

valid counterfactuals, but with different antecedents than adults and despite not
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achieving the adults level ability. Furthermore, Study 1 saw a temporal asymmetry
between counterfactual and prefactual thinking in childhood. Studies 3 and 4 focused
on the fact that in daily life the content of counterfactual thinking was found to be
shaped by the question proposed, and it differed from causal thinking. Study 5
examined counterfactual, prefactual, and causal thinking using a different
methodology and provided further evidence about the differences between
counterfactual and causal thinking.

Overall, the studies revealed that counterfactual thinking is an autonomous form of
thinking in which specific characteristics are in contrast with other types of thought.
This thesis makes a contribution to the field of counterfactual thinking in
developmental age. Although this is not the primary focus of the research, the results

could be applied in clinical and communication fields.
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INTRODUCTION

In everyday life, we construct alternatives to past events by mentally simulating different
outcomes. We think that "things would have turned out differently if only...” we had been
more careful, more prepared, and why not, even luckier. We spontaneously think contrary-to-
past-facts, especially after a negative outcome. Counterfactual reasoning involves mentally
representing how the world would have been now if things had been different. Counterfactual
thinking plays an important role in the ability to evaluate, planning and emotions
management.

This PhD project aims to study counterfactual thinking from developmental age to adulthood
as an autonomous form of thinking. Through studies administered with online applications or
in-person physical questionnaires, we analyze the cognitive mechanisms underlying the
production of counterfactual thoughts. We also identify features in contrast to other forms of
mental simulation such as prefactual thinking (future hypothetical thoughts: "Things in the
future might turn out differently if only...") and causal thinking ("Things turned out this way
because...").

Chapter 1 sets out a general introduction to the study of counterfactual thinking.
Counterfactual thinking is presented along with its characteristics, and functions, as well as a
comparison with other types of mental simulations.

Chapter 2 gives a description of aims, experimental paradigms, and the coding scheme of the
open thoughts produced by participants in the experiments. The coding categories
traditionally used (i.e., controllable vs. uncontrollable; internal vs. external) are difficult to
apply for coding thoughts about everyday life and insufficient to capture the complexity of
the types of thoughts. Therefore, a coding scheme based on the content of the thought, with

characteristics of generality and flexibility for coding counterfactuals is proposed.



Chapter 3 presents two experiments investigating counterfactual thinking in childhood. The
first experiment will also compare counterfactual with prefactual thinking of adults and
children.

Chapter 4 illustrates two experiments investigating counterfactual thinking in daily life. In the
first experiment involves the period during the first lockdown for Covid-19. The second
experiment examines the content of counterfactual thoughts about insomnia, differences from
the content of causal thoughts and the frequency of counterfactual thoughts at bedtime.
Chapter 5 compares three forms of mental simulation: counterfactual, prefactual and causal
thinking using a laboratory task regarding everyday experiences.

The last chapter discusses the originality of these results, limitations, possible fields of

application and future studies.



CHAPTER 1

COUNTERFACTUAL THINKING: THEORETICAL BACKGROUND

1.1 Definition and overview: what would have happened if only...

1.1.1 Definition
If only I had not decided to delve into this topic, I would not have had to define what

counterfactual thinking is. To explain, I begin by producing a counterfactual. That is, I
simulate an alternative antecedent outcome -If only I had not decided to delve into this topic.
And I compare that to what actually happened - The topic of my doctoral dissertation is
counterfactual thinking and so I must explain it.

Counterfactual thinking is a mental simulation that constructs alternatives to past events.
Starting from reality, we create alternative worlds that could have easily occurred. We
produce these kinds of mental possibilities often spontaneously in daily life when thinking
about personal or general events.

For example, everyone has missed a bus and thinks "If I had left the house two minutes
earlier, I would not have missed the bus." In this case, it is a thought about "what might have
been," which modifies an antecedent (e.g., "If I had left home two minutes earlier," I, in fact,
did not leave home in time) by nullifying, at the level of mental simulation, the outcome (e.g.,
"I would not have missed the bus.") but really I actually did.

In some studies, the term counterfactual thinking includes semifactual thoughts, i.e.,
cases in which a change in the antecedent does not change the factual outcome (Goodman,
1983) (e.g., "If I had left the house two minutes earlier, I would still have missed the bus,").
The ability to simulate what could have happened involves the ability to simultaneously hold
in mind both a representation of what happened and a second representation of what could

have happened but did not (e.g., Byrne, 2007)



1.1.2 Characteristics of counterfactuals

The ability to entertain multiple and parallel mental models that correspond to
possible alternatives of reality is at the heart of the “Mental model theory” (Johnson-Laird, P.
N. 1981). This theory suggests that counterfactual thinking helps to verify alternatives, and
thus possible mental models, against what occurred.

Both adults (Kahneman & Miller, 1986; Roese, 1997) and children (Guajardo et al.,
2016) in daily life create counterfactuals more frequently in negative situations. People tend
to imagine alternatives to reality in which things would have turned out better (upward
counterfactuals), or alternatives in which events would have led to a worse outcome
(downward counterfactuals) (e.g.,(Markman et al., 1995; Medvec et al., 1995). Upward
counterfactuals are produced more frequently (Markman et al., 1995; Petrocelli et al., 2012;
Roese & Olson, 1997) and more vividly (De Brigard et al., 2013) in tasks for which
participants can decide what type of counterfactual to produce (upward or downward).
Imagining a better alternative of a current situation (upward counterfactual thinking) may
elicit emotions of regret or disappointment (e.g., Kahneman & Miller, 1986). Counterfactuals
modulate emotional experiences. These emotions generated by comparing “what is” and
“what could have been” are called counterfactual emotions (See paragraph 1.7). Upward
counterfactuals elicit negative counterfactual emotions to which a preparatory function has
been attributed (e.g., Markman & McMullen, 2003; Mellers et al., 1997; Roese, 1994).
Downward counterfactual thinking, which compares reality with a more negative fictional
reality, can generate an experience of relief or satisfaction (e.g., Kahneman & Miller 1986;
Coricelli & Rustichini, 2010). Downward counterfactuals elicit positive emotions that have
been attributed primarily to an affective function (e.g., Markman et al., 1993; Roese, 1994).
Upward counterfactuals tend to be spontaneously generated more frequently and are often
additive, while downward counterfactuals are usually subtractive (Roese & Olson, 1993).

People spontaneously produce more thoughts by adding a behaviour or event to the situation,



rather than by eliminating something (Roese & Olson, 1993). Subtractive counterfactual
thoughts occur more frequently in situations where people unexpectedly achieve a goal
(Roese & Olson, 1993; Sanna & Turley, 1996).

When counterfactual thoughts are produced, we tend to modify categories of events
which, due to their characteristics (i.e., how we represent them to ourselves) make it easier to
imagine that the events would take place differently based on how they happened (Kahneman
& Miller, 1982). The exceptional nature of an event is one of the mutability factors
highlighted in the literature and it is a central point of the “Norm theory” (Kahneman &
Tversky; 1982). Accordingly, an exceptional event is an event that elicits counterfactual
thoughts that recapitulate past patterns that did not occur. Counterfactual thoughts focus more
on an alternative in which an unusual action is substituted for the regularly occurring one
(Gavanski & Wells; 1989; Kahneman & Tversky, 1982; Miller & McFarland, 1986; Roese &
Hur, 1997). An action leads to a change in the status quo and is thus a deviation from the
norm reflecting the normality-exceptionality opposition (Kahneman & Miller, 1986). Miller
and Gunasegaram (1990) showed that in a sequence of events, there is a tendency to hold the
action or actions that occurred last most responsible for the last outcome. In line with these
studies, Byrne et al. (2000) verified that the first event in a sequence of events tends to be
perceived as relatively unchanging, as a kind of initiator of the mental model of the situation.

To summarize, it is mentally easier to undo exceptions than routine events. As well it

is easier to undo actions and change the last event that occurred in a chain of events.

1.1.3 Actors and readers

Counterfactual thoughts might have different characteristics if the role of the person
producing the thought is an actor or reader (Kahneman and Tversky, 1982). The mentally
simulating the past alternatives can be produced by imagining the personal experiences or

episodes that happened to other people. Differences have been verified both at the



behavioural level (Girotto et al. 2007) and at the level of neural activation (De Brigard et
al.2015). At the behavioural level, personally performing a task is not the same as reading a
scenario of someone performing the same task, because attention is focused on different
aspects of the scene and different information is available to actors and readers (Kahneman
and Tversky, 1982; Girotto et al, 2007). Girotto and colleagues (2007) showed that
individuals' roles shape counterfactual thoughts. According to the authors, actors and readers
act differently because they have access to different information about the problem-solving
stage. In fact, this difference diminishes when information about problem resolution is similar
for actors and readers. Readers mentally undo the negative outcome of a story by undoing the
protagonist's choice of dealing with a particular problem, rather than his failed attempt to
solve it. Conversely, actors who experience the same negative outcome because of a choice
decide to mentally modify the characteristics of the problem. Unlike readers, actors alter
normal events in the direction of exceptionality. They break more frequently the rules of a
game, preferring major alterations in which they introduce elements not presented in the
actual experience over minor alterations in which they merely modify some elements of their
experience. They construct more counterfactuals of inaction. Actors alter more often
elements that are not under their control (uncontrollable, e.g., luck) rather than elements that

they can control and modify (controllable, e.g., attention).

1.1.4 Functional theory of counterfactual thinking

"Functional theory" hypothesizes a preparatory function of counterfactuals, arguing
that they contain insights into how an alternative past action could have led to pursue a goal
and that they feed into later action that facilitates to pursue a goal (Epstude & Roese, 2008;
Roese & Epstude, 2017). Several studies confirm the link between counterfactual thoughts
and behavioural intentions (Epstude and Roese 2008; Roese 1994; Smallman and McCulloch,

2012, Smalmann 2013). Functional theory argues that counterfactuals can influence action



and behaviours in two ways: a content-neutral pathway and a content-specific pathway. A
content-neutral pathway uses more general information or motivations action by processing
the information in general, e.g., leading people to try harder and enact a behaviour.
Using a content-specific pathway, specific intentions are transformed into behaviours, e.g., if
I had studied more, I would have passed the exam. Therefore, to be useful, content-specific
thoughts must be transformed into intentions and then into behaviours. This is only possible
if the thoughts produced are controllable thoughts.

Classical studies that involve participants reading a scenario and then answering a
closed or open-ended counterfactual question about what happened to the protagonist (e.g.,
Mandel & Lehman, 1996; Roese, 1997) show that participants mutate more controllable
events. In contrast, laboratory experiments that involve the participant performing a first-
person task and then completing a counterfactual question (e.g., Ferrante 2013) show that
people produce more uncontrollable counterfactual thoughts. Although in these studies with
laboratory tasks the percentage of controllable thoughts varies greatly as the tasks vary. This
is consistent pattern, when producing counterfactuals, participants produce fewer controllable
thoughts than thoughts about “what will be” (prefactuals: see section 2.1). The findings of
Girotto et al. (2007), Ferrante et al. (2013) and Mercier et al. (2017) on the difference in
controllability between actor-reader counterfactuals and counterfactual-prefactuals show that
functional theory might limit the utility of counterfactual thoughts. These results do not make
it plausible to argue the priority of the content-specific pathway or to say that counterfactuals
are "goal pursuit”. Therefore, excluding dysfunctional conditions, counterfactuals could be
generically preparatory, useful for the future. Although on certain occasions counterfactuals
may have the beneficial effects theorized by the preparatory hypothesis, these do not appear
to be constant in results. Various authors argue that the Functionalist Theory, in its current

formulation, does not seem to clarify sufficiently which factors should promote these benefits



(Petrocelli, Rubin, Stevens, 2016; Petrocelli et al., 2013; Bogani et al. 2022). One possibility
is that the main function of mental simulation of counterfactual thinking is "sensemaking":
making sense of past actions and decisions. This would justify the production of
uncontrollable changes if participants felt they were sufficient to achieve a different outcome.
The events on which to focus the counterfactual thinking would be chosen through a
subjective assessment of their mutability and their impact on the counterfactual outcome and

not based on their controllability (Bogani et al. 2022)

1.1.5 Episodical and semantical counterfactual thinking

De Brigard et al. (2015) define episodical counterfactual thinking as “imagining or
simulating alternative versions or outcomes of past personal episodes that could have
happened but did not occur”. The episodic counterfactual thinking is episodic in nature,
retrospective and perceived on a continuum from possible to impossible. De Brigard &
Giovanello (2012) verified lower intensity of emotions when people produce episodic
counterfactual thinking compared to episodic future thinking and episodic memory. There is,
although, an exception of ruminative thoughts that are experienced more intensely. Episodic
counterfactual thinking is a psychological process different from episodic memory, episodic
future thinking, and semantic counterfactual thinking (De Brigard and Parikh 2019). When
semantic counterfactual thinking is produced, semantic information contributes to the
construction of counterfactual thinking (Irish & Piguet, 2013). De Brigard et al. (2015)
compared brain activity during counterfactual simulations involving self, others, and objects
and verified greater involvement of the brain's default network during counterfactual
simulations of self and others than object-based simulations. During counterfactual
simulations of others, regions associated with autobiographical memory are recruited based
on perceived similarity and familiarity with simulated individuals.

Neural activation (De Brigard et al, 2015) and age of acquisition (Parikh et al., 2018)

10



are different for episodic and semantic counterfactual thinking. Episodic counterfactual
thinking involves mental time travel and involves the default network more than semantic
counterfactual thoughts (Parikh et al., 2018). The ability to produce real-world counterfactual
thoughts (like episodic counterfactual thinking) does not develop until age 7, whereas the
ability to produce general knowledge counterfactual thoughts (like semantic counterfactual

thinking) develops earlier (Parikh et al., 2018).

1.1.6 Perceived similarity between the actual and the imagined worlds

Episodic counterfactual thinking could be influenced by the plausibility of the
counterfactual antecedent (see De Brigard & Parikh, 2019, for a discussion of modality and
counterfactual thinking). Plausibility refers to how much people think the counterfactual
possibility can actually occur. People consider the counterfactual to be less plausible the more
they believe that the imagined hypothetical world is different from the real world (De Brigard
et al., 2021). Through semantic and pragmatic manipulation of the mental representation of
potential outcomes, our knowledge influences the plausibility of a counterfactual (for a
review Byrne, 2016).

Many lines of counterfactual research, such as those on simulation heuristics,
expectation violation, and counterfactual constraints, support the importance of the
perception of the simulated antecedent. Without a convincing alternative antecedent,
influential counterfactual thinking cannot take place. Indeed, counterfactual thoughts usually
avoid mutating "implausible" and ‘“stable” antecedents for which it is difficult to imagine
alternatives. Seelau, Seelau, Wells and Windschitl (1995) showed that antecedents for which
alternatives are implausible (e.g., “If only the laws of gravity were different...”) are generally
not changed in counterfactual thoughts. According to simulation heuristics (Kahneman &
Tversky, 1982), it is easier to imagine conditions of salient alternative antecedents than to

imagine changing ordinary events in the absence of high-probability alternatives.
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Consequently, the effects of counterfactual thoughts are determined by their ease of
possibility imagination (see also Kahneman & Miller, 1986).

Petrocelli et al. (2011) suggest the construct of “counterfactual potency.” They
propose that the potency and impact of counterfactual reasoning is the combination of 1. The
likelihood of the antecedent condition of counterfactual reasoning (if likelihood) and 2. the
perception of the conditioned likelihood of the outcome of counterfactual reasoning given the
antecedent (then likelihood). "Counterfactual potency", determined by the multiplication of
its if likelihood and then likelihood, 1s a good predictor of the extent to which counterfactual
reasoning influences judgments of regret, causality, and -culpability. An influential
counterfactual thought does not occur unless a plausible alternative antecedent is available.
The if likelihood has an impact only if the change in the antecedent, however reasonable or

probable, leads to a different outcome.

1.1.7 Counterfactual emotions

Repeated counterfactual reasoning can decrease perceived plausibility (Stanley et al.,
2017) can lead to excessive rumination and worry (Brinker & Dozois, 2009; Nolen-
Hoeksema, 2000) that results in negative feelings of regret. In some cases, counterfactual
thinking amplifies negative emotions such as regret, guilt, and shame; in others, it elicits
positive emotions such as relief and satisfaction (e.g., Kahneman & Miller 1986). A better
alternative picture of the current situation (upward counterfactual thinking) might elicit regret
or disappointment.

Downward counterfactual thinking, which compares reality with a more negative
fictitious reality, generates an experience of relief (Connolly & Zeelenberg, 2002; Guttentag
& Ferrell, 2004). These second-order emotions differ from more basic emotions such as
happiness, sadness, anger, or fear (Van Duijvenvoorde et al.; 2014) and are termed

counterfactual emotions.
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Emotions based on counterfactual reasoning are important in daily life to: motivate a choice
in behavior (Zeelenberg & Pieters, 2007), help make better decisions for the future (Connolly
& Hardman, 2009; Roese, 1997; Zeelenberg, 1999; McCormack et al. al., 2020), avoid bad
choices (Camille et al., 2004), and learn and plan (Petrocelli & Harris, 2011; Sherman &
McConnell, 1995). The most studied counterfactual emotions are regret and relief
(Kahneman & Miller, 1986; Roese & Olson, 1995). Regret can be experienced personally
(Weisberg & Beck, 2010) or understood in other people (Zeelenberg & Pieters, 2007) and
experienced before (anticipated/perspective regret) and after (retrospective regret) decision
making. Anticipating or recognizing counterfactual emotions as personal or belonging to
other people requires the development of counterfactual thinking (Roese, 2005).

Children around six years of age are already able to keep in mind real and fictitious
models by exchanging them (Rafetseder and Perner, 2012), but they are unable or unlikely to
use these skills when having to make emotional or social judgments (Payir and Guttentag,
2019) or when the task involves language and/or requires executive functions (Guajardo et al.,
2009). When children first develop regret and relief, it is still an open question. The results of
studies regarding the age of retrospective regret acquisition vary. Some authors suggest the
age is approximately 5-6 years (Weisberg & Beck, 2010, 2012; Burns, Riggs, & Beck, 2012;
O'Connor et al., 2012; Van Duijvenvoorde et al., 2014). Others have indicated this
counterfactual emotion only from age 7 (Guttentag & Ferrell 2004). Still others say it is from
age 9 (Beck & Crilly, 2009; Ferrell et al., 2009; O’Connor et al., 2012; Rafetseder & Perner,

2012). Different results may depend on the methodologies used in the studies.

1.2 A comparison between counterfactual thinking and other mental simulation

1.2.1 Prefactual thinking: what will happen if only...

Thoughts about future can take many forms, from goal planning to intentions, from

fantasies to magical thinking. Prefactual thinking is defined as a conditioned proposition (if-
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then) that links possible action-outcome (Epstude et al., 2016). Prefactual thinking is a mental
simulation of what might happen in the future. Prefactuals are distinguished between
expectations and fantasies regarding the future (by concreteness and realism).

Prefactuals and counterfactuals share a similar neurocognitive substrate but differ on
the age of acquisition and on characteristics. The "central network" that connects the
hippocampus, parahippocampal gyrus, medioprefrontal cortex, posterior cingulate,
retrosplenial cortex, and lateral temporal cortex appears to be essential for a variety of mental
simulations (De Brigard et al., 2013; Schacter, 2007; Waytz, et al, 2015).

Counterfactual thinking requires keeping in mind both what actually happens and that
which is "contrary to fact". When producing future hypothetical thinking only a mental
representation of "what will be" is required (e.g., Beck et al., 2006; Rafetseder & Perner,
2010). Previous studies have showed that hypothetical future thoughts appear to be easier for
children than counterfactual thoughts (Beck et al., 2006; Perner et al., 2004; Rafetseder et al.,
2010; Riggs et al., 1998; Robinson & Beck, 2000). As well as a temporal asymmetry of
emotions, distance, and perceived value between counterfactual and prefactual thinking was
found. Future experiences are evaluated more positively than past experiences at age 9-10
years (Burns et al., 2019).

The differences between counterfactual and prefactual thinking are also evident in the
adult literature. Several studies (Ferrante et al., 2013; Hammell & Chan, 2016; Mercier et al.,
2017) have verified a higher proportion of thoughts with controllable changes when thinking
about how the next attempt at a task will be better than when thinking about how a previous
performance could have been better (see section 1.1.4). Prefactuals seem more functional
than counterfactual thoughts: more controllable changes tend to be produced. Prefactuals can
help find the optimal path to achieve one's goals (Epstude et al., 2016).

Becon et al. (2020) verified a positive association with extroversion and the tendency to
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produce prefactual thoughts. There appears to be a complex link between neuroticism and
counterfactual and agreeableness. As well a higher rate of counterfactual was found by the

same authors.

1.2.2 Causal thinking: it happened because...

When we find ourselves in an unexpected or negative situation, it is common to
reflect on why the event happened. By answering the question, we produce causal attributions
that explain spontaneous beliefs about the causes of events and why the events and
behaviours occur.

An individual's explanation of what led to a specific outcome or behaviours is known as
causal attribution. An adaptive attribution style is the propensity to attribute negative events
in an external, unstable, and specific way, while attributing positive events in an internal,
stable, and global way. Contrarily, a maladaptive attribution style is the propensity to
attribute positive events with external, unstable, and specific attributions, while relating
negative events with internal, stable, and global explanations. (Rigby & Huebner, 2004). The
literature on causal attribution includes many complementary theories that address aspects of
the attribution process (for a review Tobin, 2012).

The relationship between causation and counterfactuals has attracted particular attention
(e.g., Spellman & Mandel, 1999). Philosophical investigations have shown that a causal link
seems to implicitly invoke a contrast between reality and a counterfactual alternative (e.g.,
Hume et al., 2015). Counterfactual and causal thinking are linked, but their contents often
diverge. Unlike counterfactuals, which study how to prevent an outcome by eliminating
enabling causes, Byrne (2005) states that causal explanations often point to strong causes that

covary with the outcome.
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CHAPTER 2

THOUGHT CODING: FROM LOCUS AND CONTROLLABILITY TO
CONTENT

2.1 Aims of the studies

The main aim of this Ph.D. project is to investigate counterfactual thinking as an autonomous
form of thinking from the developmental age to adulthood through five studies. Although
numerous studies have examined various aspects of counterfactual thinking, some questions
remain unanswered.

The first open question concerns the age of acquisition of counterfactual thinking. The
development of counterfactual reasoning in children has been studied (e.g., Harris et al., 1996;
Beck et al., 2006; Rafetseder & Perner, 2014) but it is unclear if children can generate
counterfactual thoughts about their personal experiences to the same extent as adults.
Moreover, no study has examined the generation of counterfactual thoughts about children's
personal experiences specifically. The aim of Studies 1 and 2 was to examine counterfactual
thinking in childhood.

The second open question examined in this thesis regards the cognitive mechanisms of
counterfactual thinking. The literature has shown that different methodologies and contexts
elicit different proportions of controllable thoughts (e.g., Epstude e Roese 2017; Ferrante et
al., 2013). No studies have explored the specific content of counterfactuals in current
everyday situations. Studies 3 and 4 aimed to analyze counterfactuals in more current
situations encountered in daily life, focusing more deeply on the content of counterfactual
thoughts and not just on their controllability.

Furthermore, we aimed to study counterfactuals in contrast with other types of mental

simulation. While previous studies have shown temporal asymmetry between counterfactual
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and prefactual thinking in adults (e.g., Ferrante et al., 2013; Mercier et al., 2017), no studies
have been done with children. Additionally, previous studies found that counterfactual
thinking has some similarities, but differs from causal explanations (Mandel; 2003, 2011).
Nevertheless, no studies to date have examined the have examined the content of
counterfactual and causal thoughts reasoning on the same event. Study 1 investigated the
temporal asymmetry in childhood between counterfactual and prefactual thinking and Study
4 compared the content of counterfactual and causal thinking about current daily negative
situations (insomnia).
Finally, we aimed to investigate counterfactuals in a laboratory task based on daily
experience and comparing in the same study counterfactuals with prefactual and causal
thinking.
2.2 Experimental paradigm

Several experimental paradigms have been used in counterfactual thinking
experiments. Classic scenario-based paradigms involve participants reading a scenario
followed by a multiple-choice or open-ended counterfactual question. Paradigms in which
participants are actors involve filling out autobiographical diaries (e.g., De Brigard et al, 2017)
or performing in laboratory experiments (e.g., crossword puzzles, looking for even numbers
in a table, etc.) followed by a counterfactual question (e.g., Ferrante et al, 2013). The various
experimental paradigms, the different role of the participant (actor vs. reader), and the distinct
difficulties of the tasks performed led to mixed results regarding age of acquisition of
counterfactual thoughts, characteristics of the produced counterfactuals and controllability.

Ferrante et al.'s (2013) experimental paradigm was adapted to the experiments for this
thesis. It involves a situation, in which participants are asked to perform a task and then
complete a sentence (e.g., complete the sentence “things would have been better for me if...”)

with the causal antecedent of their choice. In all the studies reported in the present thesis,
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after performing a task or reflecting on a situation that actually happened, participants
produced episodic counterfactual thoughts about their experience or other mental simulations
(prefactual or causal thoughts) regarding the same experience. Participants completed a
sentence with a counterfactual, causal, or prefactual thought based on the condition to which
they were randomly assigned. They could freely choose what to focus of their thoughts.

In experiments with children, we used this experimental paradigm because there are
no studies in the developmental literature that examine the content of children's
counterfactual thoughts about their experiences. In general, there are few studies in which a
counterfactual question is proposed after performing a task (e.g., studies on counterfactual
emotions, such as Beck and Riggs 2014), few in which children are left free to decide which
antecedent to modify (Guajardo, McNally, & Wright; 2016), and few in which they perform
in an experimental paradigm as adults do (Rafetseder, Schwitalla, & Perner; 2013).

In daily experiments in which participants produced thoughts about Covid-19
(experiment 1) and their insomnia (experiment 2) we adapted the same paradigm. Participants,
instead of solving a task, were asked to think about a specific situation (Covid-19 or insomnia)
and then produce a counterfactual or causal thought.

We concluded this thesis by investigating the counterfactual thoughts produced on a
laboratory task about a likely everyday experience (identifying aromas) than on the classical
reasoning or computational tasks that are usually used in laboratory experiments.

In all experiments, participants also filled out questionnaires with items related to their own
performance (laboratory experiments) or the situation they were experiencing (Covid-19 or

insomnia experiments), thoughts, moods, behaviours, intentions, and personal characteristics.

2.2 Coding

Our main aim is to compare the content of thinking between children and adults and

to compare counterfactual thinking with other forms of mental simulation in different
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contexts. We first coded each open-ended response by identifying valid counterfactual,
prefactual, or causal thoughts, and differentiating them from invalid thoughts.

Invalid thoughts are empty responses, comments (e.g., the match would have gone better if
only... good but bad) and restatement (e.g., the match would have gone better if only the
game had gone better). A thought is defined as valid if it modifies an antecedent of the
outcome which should be sufficient to modify the outcome. We coded the wvalid
counterfactual, prefactual and causal thoughts produced by the participants in our
experiments using a specific coding scheme, starting from coding schemes already present in
the literature.

Weiner (1986) used three dimensions with the aim of categorizing causal attributes:
locus of control, stability, and controllability. Locus is internal when it can be traced to the
person who enacted a certain behaviour. It is external when it can be traced to the situation.
The stability dimension identifies whether the causes change over time. For example, ability
is an internal and stable cause. Controllability distinguishes between factors that can be
influenced and those that cannot be influenced, such as luck (uncontrollable) and personal
behaviour (controllable).

Regarding the counterfactual's content, research has revealed that participants tend to
concentrate on a smaller range of possible features (e.g., changes in the law of physics are
very rare), imagining nearly the same types of counterfactuals, even though they can virtually
change an infinite number of antecedents that would undo the outcome (from their own
actions to the laws of the universe) (see Byrne, 2005, 2016).

Counterfactual and prefactual thoughts are classically coded for controllability (Ferrante et al,
2013; Roese and Epstude, 2017) and locus (Roese and Epstude, 2017). Given the example
above of “how the game would have gone better” completing the sentence by saying ...if only

I had been concentrated means focusing on controllable and internal modification. By
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completing a sentence by saying ...if only I were less anxious means focusing on
uncontrollable and internal modification. Completing the same sentence by saying ...if only I
had been luckier! means focusing on uncontrollable external modifications.

In studies in which participants generated counterfactuals about daily life, it was not
always possible to determine whether the thoughts produced were controllable or
uncontrollable. For example, if a participant says, "I would have fallen asleep earlier if only I
had stopped thinking about tomorrow," does that mean that he or she can actually implement
this behaviour the next night? We cannot always infer controllability by qualitatively
analysing the content of the thought. For this reason, we use similar but different macro-
categories by dwelling on the content. These macro categories could fit better with the
content of episodical counterfactuals in daily life experiments without being required to
evaluate the controllability. Nevertheless, in studies with laboratory task, we could combine
controllability and locus using the same three macro categories: Behaviour is a controllable
thought with an internal locus, the macro-category Situation is an incontrollable thought with
an external locus and the macro-category State is an incontrollable thought with an internal
locus.

Coding was done by multiple independent judges, and instances of disagreement were
discussed. Two or three independent judges coded the responses from each study.
Disagreements in each study were resolved with further discussion and input from another
judge. Statistical analyses were performed using the Jamovi statistical program.

The procedure for all studies was approved by the ethics committee of the University
of Trieste (report number 104 and 116). The collected data were processed in compliance
with privacy regulations and in accordance with European Union Regulation 679/2016. At
the end of the experiment, participants were briefed on the purpose, hypotheses, and method

of the research (debriefing).
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CHAPTER 3

“THE GAME WOULD HAVE BEEN BETTER FOR ME IF...”: CHILDREN’S
COUNTERFACTUAL THINKING ABOUT THEIR OWN PERFORMANCE
IN A GAME.

The material in this chapter has been adapted from the following paper:

Straga, M., Faiella, A., Santini, 1., & Ferrante, D. (2022). “The game would have been better

for me if...”: children’s counterfactual thinking about their own performance in a game.

Thinking & Reasoning, 1-35.

The mental simulation of past and future scenarios allows individuals to understand
the past, make predictions about the future, plan and regulate their behaviour. A great deal of
research has focused on how people imagine alternatives to past events (i.e., counterfactual
thinking, for a review, Byrne, 2016). The ability to simulate what might have been involves
the capacity to hold in mind both a representation of what is true, and a second representation
of what might have been, but did not happen (e.g., Byrne, 2005).

Moreover, individuals need to understand that a past event is causally linked to the observed
outcome and that a change in the past event would have led to a different outcome. The
development of counterfactual reasoning in children has been thoroughly investigated, but at
what point in their development are children able to reason counterfactually in an adult- like
manner is still subject to debate. Whereas some studies found evidence of such a capacity in
3—4-year-old children (Harris et al., 1996; Riggs et al., 1998), more recent studies suggest
that the tasks previously used did not involve the capacity to hold in mind multiple
possibilities (Beck et al., 2006), and could reflect a more basic ability to reason about
conditionals (Rafetseder et al., 2010; Rafetseder et al., 2013; Rafetseder & Perner, 2010; for a
review, Rafetseder & Perner, 2014). Using different tasks, the emergence of adult-like
counterfactual reasoning has been observed at a later age. Beck et al. (2006) showed that six-

year-old children, but not younger children, are able to acknowledge two possible scenarios
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when required to think about a single causal event that could bring about both the actual and
the counterfactual outcomes. Other studies showed that even 5—6-year-old children found it
difficult to provide the correct answer to a counterfactual question which required them to
imagine an alternative world in which the antecedent is true and only its causal consequences
are modified accordingly, whereas all the rest remains the same (i.e., to consider the nearest
possible world constraint; Rafetseder et al., 2010). Moreover, Rafetseder and Perner (2014;
see also Rafetseder et al., 2010; Rafetseder, et al., 2013; Rafetseder & Perner, 2010) claim
that previous evidence indicated the use of basic conditional reasoning and domain-specific
knowledge (i.e., general knowledge of causal regularities), that suffice to pass the test, but
were not indicative of fully-fledged counterfactual reasoning. According to these authors,
mature reasoning with counterfactuals (Rafetseder et al., 2021) can be observed in early
adolescence (i.e., 12 years; Rafetseder et al., 2013) and evidence of such reasoning can be
found in a minority of 6-year-olds (Rafetseder & Perner, 2014). Nevertheless, employing less
cognitively demanding scenarios, other studies showed that children were able to reason
counterfactually in a task in which the application of basic conditional reasoning with
counterfactuals would have led to incorrect answers at 6-7years of age (McCormack et al.,
2018; Nyhout et al., 2019) or even before if the causal structure is clear and involved the
physical domain as opposed to human behaviour (Nyhout & Ganea, 2019a). However, Beck
and Rafetseder (2019) questioned this conclusion claiming that in the task employed by
Nyhout and Ganea (2019a) updating the actual outcome is sufficient to provide a correct
answer (thus involving basic reasoning with counterfactuals), whereas the former tasks
(McCormack et al., 2018; Nyhout et al., 2019) require a simulation of a new version of the
world which is entirely in the past.

In order to assess children’s ability to engage in counterfactual reasoning, various

tasks were used typically involving scenario-based paradigms (see Beck, 2020 for a review).
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After being presented with a series of events (usually acted out with puppets or portrayed
with images), counterfactual conditional tasks require participants to imagine how the world
would be in the present if an antecedent was false (“‘consequent task™; Beck et al., 2009;
German & Nichols, 2003; Guajardo & Turley-Ames, 2004; Harris et al., 1996; Perner et al.,
2004; Riggs et al., 1998) or to imagine how the outcome would have been different,
generating different antecedents (“antecedent tasks”, e.g. Harris et al., 1996; Guajardo &
Turley-Ames, 2004). Guajardo and Turley-Ames (2004) showed that the performance on
consequent and ante- cedent tasks are highly correlated and can be passed by young children.
Open counterfactual tasks in which children are asked to answer an open question like “what
else could have happened”, are generally more difficult and they are successfully solved at a
later age (Beck et al., 2006). Other studies used counterfactual syllogisms in which
participants were presented with premises that they knew to be false (e.g., “all cats bark”) and
they were asked to derive the valid conclusion (e.g., Beck et al., 2009; Dias & Harris, 1988;
Leevers & Harris, 2000). Recently, Guajardo et al. (2016) assessed the spontaneous
generation of counterfactuals in 8 to 11year old children while retelling a previously heard
story. Authors tested whether outcome valence and outcome expectancy affected the
counterfactuals that children generated, as previously found in adults. They found evidence of
spontaneous counterfactual thinking in middle childhood and, consistent with data on adults,
a greater tendency to engage in counterfactual thinking when the outcome was unfavourable
for the protagonist of the story rather than favourable. All the above-mentioned
developmental studies share a common feature: children reflected on events that were
experienced by a third party and not by themselves.

Although scenario-based paradigms have been widely employed in counterfactual
thinking research on adults, some studies have shown that the content of such thoughts can be

very different when participants reflect on their actual failure instead of reading about the
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failure experienced by the protagonist of a story (Ferrante et al., 2013, Study 2; Girotto et al.,
2007; Pighin et al., 2011). In particular, these studies showed that while readers of a story
undid, in their counterfactual thoughts, a controllable event (i.e., a choice) which prevented
the protagonist from having a good outcome regarding the task, actors who actually
experienced the same failure focused on other events. This distinction does not depend on
motivational factors (the effect occurred even when actors did not make blameworthy choices
or another person made choices for them; Girotto et al., 2007), but likely derives from the
differing availability of information with regard to the problem-solving phase. The personal
experience of the actors may lead to a mental representation of the situation which is far more
complex than the representation built on the small amount of information presented in the
story, and the number of alternative antecedents that actors are able to come up with are
many more than those available in the scenario-based paradigms which are usually limited to
the events described. As far as we are aware, there has yet to be a study which investigates
directly the generation of counterfactual thoughts about children’s personal experiences and
given the actor-readers effect and the greater complexity that individuals face when reflecting
on their own experience, the question whether children are able to generate counterfactual
thoughts about their personal experience to a similar extent than adults is still open. Some
insights on children’s ability to reflect counterfactually about their personal experiences come
from regret studies, in which the capacity to experience regret is inferred by comparing
happiness ratings when children know vs. do not know that the option which they did not
take would have resulted in a better outcome. If children report being sadder after knowing
that they would have obtained a better outcome if they had chosen differently, they are
assumed to be experiencing regret. Research found evidence of the emergence of such a
feeling around 6-years of age (Weisberg & Beck, 2010; 2012), or even later (around 9years

of age, Rafetseder & Perner, 2012). Nevertheless, it is still under debate whether such studies
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actually measure regret (e.g., McCormack et al., 2016; O’Connor et al., 2014; Rafetseder &
Perner, 2012; see also, Rafetseder & Perner, 2014). Moreover, and more importantly for our
aims, none of these studies have directly assessed the content of counterfactual thoughts of
children who felt such emotion.

Given the lack of studies in which children are asked to reflect on their personal
experience and the few attempts aimed at identifying possible differences with respect to
adults’ counterfactual thinking (see, Guajardo et al. 2016; Payir & Guttentag, 2019), the main
goal of the present paper is to test not only whether children in middle and late childhood are
able to generate counterfactual thoughts about an event which happened to them, but also
whether the content of such thoughts is similar or different in comparison with adults.

Following literature on counterfactual thinking in adults that mainly focuses on how
people imagine a better past (i.e. upward counterfactual) and showed that such
counterfactuals were more frequently generated with respect to imagining a worse past (i.e.
downward counterfactual; e.g. Petrocelli et al., 2012; Rim & Summerville 2014), we applied
the same paradigm used with adults (e.g. Ferrante et al., 2013) in two studies in which after
engaging in a task, participants were asked to complete a counterfactual sentence filling it in
with an antecedent (i.e. complete the sentence “things would have been better for me if ... ).
In such a paradigm in which participants reflect on a personally experienced event, much
richer information may be available (not only the information explicated in the scenario; see
Girotto et al., 2007) and, as a consequence, participants may come up with a much broader
range of possible antecedents compared to the tasks previously used with children in which
they were limited to what is explicitly mentioned in the scenario or set up by the
experimenter. This aspect, along with the experimental instructions, could make the
generation of counterfactuals more difficult. Language skills which play a significant role in

the ability to reason counterfactually (Beck et al., 2009), may be even more involved than in
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previous studies, and young children may have difficulty expressing their thoughts. For these
reasons, we decided to use an older sample with respect to previous studies, recruiting
children from middle to late childhood (on average 10 years of age), who should be able to
pass standard tasks, while they may not fully possess the ability to con- struct complex
counterfactual simulations (see, Rafetseder & Perner, 2014). We thus expected that the
majority of children would be able to come up with a counterfactual thought but given the
above-mentioned considerations and under these conditions, such an ability may not have
been fully developed and possessed by all the participants. As regards the content,
counterfactual literature based on adults showed that even if participants could virtually
change an infinite number of antecedents that would undo the outcome (from their own
actions to the laws of the universe), they tend to focus on a narrower range of possible
features (e.g., changes in the laws of physics are very uncommon) when imagining almost the
same types of counterfactuals (see Byrne, 2005, 2016). Developmental literature, however,
mainly focuses on the emergence of counterfactual thinking and only a few studies
investigate the presence of such fault lines in children, and most of these do so indirectly
(Guttentag & Ferrell 2004; Meehan & Byrne, 2005; Nyhout & Ganea, 2020; Payir &
Guttentag, 2016, 2019), finding that some biases may emerge late in childhood. The question
as to whether children of our age range would focus on the same content as adults is thus still
open.

Further examining the content of adult thinking, recent studies found a temporal
asymmetry comparing counterfactual and prefactual thoughts. Thinking about how a previous
performance could have been better resulted in less controllable modifications than thinking
about how it will be better in the next attempt (Ferrante et al., 2013; Hammell & Chan, 2016;
Mercier et al., 2017). These results are inconsistent with evidence collected via scenario-

based paradigms in which participants tended to modify controllable features of the situation
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in their counterfactual thoughts (e.g., Girotto et al., 1991) and with the general assumption
that counterfactual and prefactual thoughts should share the same function and thus the same
content (Epstude et al., 2016; see also Epstude & Roese, 2008). Therefore, with the aim of
comparing the content of thoughts between children and adults, in Study 1 we also compared
counterfactual thinking with prefactual thinking.

Recent studies focusing on the development of temporal asymmetries found evidence
of temporal emotion asymmetry (i.e. greater affect when thinking about the future than when
thinking about the past) and of temporal distance asymmetry (i.e. future events feel closer
than equidistant past events) in children aged 6-7 years, whereas evidence of temporal value
asymmetry (i.e. future experiences are more valued than past experiences) was found at a
later age, from age 9 to 10 years (Burns et al., 2019). Therefore, even if children were able to
reason counterfactually and prefactually, they might not focus on the same content as adults.
Therefore, also the question as to whether children aged 8-12years would show (as adults do)
the previously- mentioned temporal asymmetry with regard to thought content is open.

Moreover, comparing counterfactual and prefactual thinking, an asymmetry in the
ability to generate such thoughts may arise. Developmental literature suggests that future
hypothetical thoughts are easier for children than counterfactual thoughts (Beck et al., 2006;
Perner et al., 2004; Rafetseder et al., 2010; Riggs et al., 1998; Robinson & Beck, 2000).
Counterfactual thinking requires that two mental representations are active at the same time
(the real one and the alternative one, contrary to facts), whereas in future hypothetical
thinking there is no need to negate or con- sider what it is known to be true and only one
mental representation is sufficient (e.g., Beck et al., 2006; Rafetseder & Perner, 2010).
Nevertheless, in the previously mentioned studies with adults (Ferrante et al., 2013, Mercier
et al.,, 2017), prefactual thoughts are explicitly linked to reality: participants were asked to

think about how things will be better in the future with respect to what actually happened a
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few minutes prior. In such a task, the hypothetical future scenario must be different from the
actual one, so two representations may need to be simultaneously active (the real and the
alternative future). Thus, prefactual thinking in such a task may not be easier than
counterfactual thinking, given that only the temporal prospective changes.

To summarize, we expected that the majority of the children would be able to
generate counterfactual thoughts about their own experience, but not reaching the adult level.
We also expected that prefactual thinking in our task may not be easier than counterfactual
thinking. Finally, it is still open as to whether children are constrained by fault lines in their
thoughts as adults are and if so, whether such fault lines are similar or different in comparison

to adults.
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3.1 Study 1
In Study 1 we compared counterfactual and prefactual thinking of children and adults

when reflecting on their own performance. In particular, we investigated whether children
were able to generate counterfactual and prefactual thoughts and whether, in doing so, they
focused on the same content as adults, showing the previously mentioned temporal
asymmetry in the content (Ferrante et al., 2013; Mercier et al., 2017).

The data from Study 1 were collected as part of a larger longitudinal project that
aimed to investigate how cognitive and social skills could be affected by structured physical
activities. Given that measures of working memory capacity and selective attention capacity
were collected for the project, a secondary aim was to assess whether individual differences
in working memory and selective attention are related to the capacity to generate
counterfactuals and prefactuals about personal experiences. There is evidence that specific
cognitive abilities are needed to engage in counter- factual thinking. In particular, studies
focused on executive functions that can affect the emergence of counterfactual thinking.
There is compelling evidence that inhibitory control plays a role in this process (e.g., Beck et
al., 2009; 2011) as well as cognitive flexibility (Burns et al., 2012), whereas evidence
regarding working memory is not conclusive (e.g., Drayton et al., 2011; Guajardo et al., 2009,
found an effect; Beck et al., 2009, did not find an effect). The number and complexity of the
possible worlds (Byrne, 2016) and task-related information one has to keep in mind in order
to answer correctly justify the relationship between working memory and the ability to reason
counterfactually. Such a relationship has been found early in development (with 3—4-year-
olds; Drayton et al., 2011; Guajardo et al., 2009), while it has been suggested that it may not
explain the difficulties faced by older children (Rafetseder et al., 2010, Rafetseder et al.,
2013). Our study involved an older sample, so we might not expect a marked influence of

working memory. However, as previously stated, we expected that a part of our sample
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would not be able to generate a counterfactual thought about a just-experienced event,
therefore we wondered whether this failure may be partially accounted for by differences in

working memory.

3.1.1 Method

3.1.1.1 Participants
One hundred and ninety-nine children and pre-adolescents (99 male and 100 female,

age = 10.11, SD = 1.40, ages range from 8 to 13 years) participated in the study. One hundred
and thirty-four children came from primary school (age: M=9.33, SD=0.83, ages range from
8 to 11) and sixty-five came from middle school (age = 11.71, SD =0.88, ages range from 10
to 13). Participants were part of a large project in which children and adolescents received
free sport lessons after school. The project aimed to investigate the possible cognitive and
social benefits of sport activities. During the data collection related to the project, participants
took part in the present study, and all of whom had the written consent of their
parents/guardian to participate in the study. Participants came from diverse socio-economic
backgrounds and different neighbourhoods of a mid-sized town in Northern Italy.

Moreover, eighty-six undergraduate university students (43 male and 43 female; age =
22.99, SD =2.56, ages range from 19 to 32) were recruited in the same town to take part in
the study. The adult sample size was decided on using a power analysis assuming a medium
effect size in a 2x2 chi-square test (power =.80) and considering that we expected no invalid
thoughts in the adult sample (based on previous studies). Nevertheless, in the children’s
sample, we expected more variability in the responses, some invalid thoughts, and some
restatements (see the coding section), so we increased the sample size accordingly.

The procedure was approved by the Ethical Committee of the University of Trieste

(report number 116).
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3.1.1.2 Materials and procedure
Children were tested individually in a quiet area in the after-school clubs involved in

the project or in their classrooms. They completed several measures in a random order and
herein we report only the relevant measures for this study.

We assessed selective attention capacity using the selective visual attention sub-test of
the Italian Battery for neuropsychological assessment (BVN 5-11, Bisiacchi et al., 2005).
Participants were asked to find the target figure among a set of 64 figures (geometrical shapes
arranged in eight rows and eight columns) within a one-minute period. The target figure was
present 12 times, resulting in a maximum score of 12. Before completing the task, we
checked to see that the instructions were fully comprehended using a practice trial.

Working memory was assessed using a computerized version of the Corsi Block-
tapping test (Kessels et al., 2000), implemented using the PEBL test battery (Mueller, 2012).
In this task participants were presented with a set of spatially-arrayed square targets. In each
trial the squares were lit up one at a time in sequence. When the sequence was finished,
participants were asked to click on each square, replicating the order of the given sequence.
The task started with a sequence of two squares. Participants were presented with two
sequences of equal length. If at least one of the two sequences was recalled correctly, the
length of the sequences was increased by one square. The task stopped when the participant
failed to correctly reproduce two sequences of equal length. There were three practice trials
before beginning in order to check that instructions had been comprehended. The length of
the last correctly repeated sequence corresponded to the block span, whereas the total score
was computed multi- plying the block span by the number of correctly repeated sequences.
According to Kessels et al. (2000) this last score is more reliable, thus we present the data
using this score. The prefactual/counterfactual task referred specifically to participants’
performance on the working memory task. Right after completing the memory task, which

we referred to as a “game”, participants were randomly assigned to the counterfactual (n
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=102) or prefactual (n =97) condition. First, they were asked to evaluate their performance on
the memory task on a 5-point scale, ranging from 1 (very bad) to 5 (very good). Participants
in the counterfactual condition were then asked to complete the sentence “The game would
have been better for me if...”, whereas participants in the prefactual condition were asked to
imagine that they could play the game again and to complete the sentence “The game will be
better for me next time if ...”. A space to complete the sentence was provided. The children
were encouraged to write down the first thing that came to mind while thinking about how
the outcome of the game would have been/will be better.

Adult participants were tested individually in a quiet room at the university. They
were presented with the working memory task and were randomly assigned to the
counterfactual (n=46) or prefactual (n=40) condition and they completed the same
hypothetical thought task as the children. Given that the selective attention measure was
devoted to exploring the possibility that attentional capacities are related to the ability to

generate mature counterfactual thinking, adults did not complete the selective attention task.

3.1.2 Results

3.1.2.1 Coding
In order to code each open-ended response, we first identified valid counter-

factual/prefactual thoughts, namely, thoughts that undid the outcome by altering an
antecedent causally linked to the outcome. Two types of responses that did not meet this
criterion can be distinguished. First, responses may consist of irrelevant comments (e.g., “if I
did not throw the ball”; “if good™) or could be left empty despite a prompt on the part of the
experimenter. These responses were coded as invalid counterfactual/prefactual thoughts.
Second, the thoughts participants reported may take the form of counterfactual conditionals,
but they may simply consist of a restatement of the alternative outcome instead of focusing

on how it could plausibly be achieved, thus not meeting the above-mentioned criterion for
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what we called a valid counterfactual/prefactual thoughts. A thought such as “the game
would have been better if I had won” is similar to affirming “the game would have been
better if it had been better”, thus focusing only on describing what is a better performance
and not on how it could be achieved. Similar reasoning may be applied to thoughts like: “if I
will remember the sequences”, “if I had remembered everything”. Given the goal of the task,
that is to remember the sequences, a thought such “the game would have been better if I had
remembered the sequences” did not actually highlight a way in which performance could
have been improved, but just modified the outcome. Nevertheless, this kind of response
showed a better understanding of the request than the invalid counterfactual or prefactual
thoughts: it retains the counterfactual conditional form, and the antecedent is linked to the
outcome. We coded such thoughts as restatements.

The valid counterfactual/prefactual thoughts were then coded into controllable and
uncontrollable modifications following Ferrante et al. (2013), but also including a more
specific coding scheme given our main goal to compare the thought content between children
and adults. Examples of responses coded in each category are presented in Table 3.1. In
particular, all the elements that participants could control and change if they were required to
repeat the task were coded as controllable. Specifically, controllable thoughts included all
modifications that referred to how participants would have handled/can handle the task
differently. This category comprised two subcategories: concentration and strategies. The
concentration sub-category included modifications related to concentration, attention, or
effort levels (e.g., “If I concentrated more”), and to the observation of the task’s features (e.g.,
“If T watched the sequences more [carefully]”). The strategies sub-category referred to the
strategies that can be adopted during the game (e.g., “If I follow the sequence using the
mouse”’) and to the possibility of training (e.g., “if I practice”).

All the elements that cannot be controlled and changed by the participants before or
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during a possible subsequent game were coded as uncontrollable. This category comprised
both external features and uncontrollable internal features. In particular, modifications
referring to external features were further divided into two sub-categories. Modifications of
specific rules and features of the game (e.g., “If the game was slower”, “If the same
sequences were repeated twice”, “If the squares drew the attention more”), and, more
generally, of the difficulty of the game (e.g., “If the game was easier’”’) were coded as a task.
Modification of the environmental features or of the circumstances in which the study was
carried out (e.g., “the room was quieter”’) were coded as context. Modifications referring to
uncontrollable internal features were further divided into pre-existing abilities, contingent
abilities, and psychophysical state. Pre-existing abilities included modification to stable
abilities that were already present before the study (e.g., “If 1 was better at this task™),
whereas contingent abilities referred to specific abilities that participants lack during the task,
but that they may happen to possess in another moment (“I had seen better”; “I will under-
stand my errors”). The sub-category psychophysical state comprised elements like anxiety
and tiredness (e.g., “If I was less tired”).

Two independent judges coded the responses. Their agreement rate was 96.50%,
Cohen’s k =.95, p < .001. Disagreements were resolved by further discussion and the input of

a third judge.
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Table 3.1

Examples of counterfactual and prefactual thoughts generated by participants in Study arranged according to the

coding scheme.

Counterfactuals

The game would have been better for

me if...

Prefactuals

The game will be better for me

next time if...

Controllable

Concentration

Strategies

I had paid more attention
I had concentrated better

I had imagined a geometric
figure with the sequence of
illuminated squares

I had used my finger to
follow the movements

I will put in more effort
I will observe better

I will mark the position
with the mouse

I will watch the squares
altogether and not one by
one

Uncontrollable external
Task

Context

The sequences had been
showed twice

The squares were colored
differently

It had been quicter

The sequences will be
easier The last sequences
will be slower

I will not have an exam
tomorrow

Uncontrollable internal

Pre-existing
abilities

Contingent

abilities

Psychophysical
state

I’d had a better memory
I were better at this task

I had seen better

I had not missed a square

I were less tired

I were more rested

I had a better memory
I would know how to do
the task better

I will understand my
errors

I will remember which
square will be lit up

I will be more awake

I will be calmer

Invalid

I would be happy
I do good the score

yes good
but bad

3.1.2.2 Ability to generate counterfactual/prefactual thoughts

The descriptive statistics according to our thought validity coding scheme are

presented in Table 3.2.

12.06% of children and 4.65% of adults generated more than one thought to the open

question. Given that we did not explicitly require them to generate more than one thought,
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only a few participants generated more than one, and following a procedure usually employed
in previous studies (e.g., Kahneman & Tversky, 1982; Markman et al., 1995), we analyzed
only the first thought that participants came up with1l. 11.56% of the children generated
counterfactual/prefactual thoughts that were coded as restatements and the 8.54% did not
generate any counterfactual/prefactual thought (see Table 2). In order to analyze these data,
we computed a thought validity score in which invalid counterfactual/prefactual thoughts
were scored as 0, restatements as 1, and the remaining thoughts as 2. No difference between
the counterfactual and prefactual conditions was found on this score in the children’s sample
(Mann-Whitney U = 4845, p = .720, r»=.02) as well as in the adult sample (Mann-Whitney
U =840, p=.059, rm=".07).

The adults generated no invalid counterfactual/prefactual thoughts and few
restatements (see Table 2). The thought validity score significantly differed between children
and adults, both in the counterfactual condition (children: M = 1.72, SD = 0.59, Md = 2.00;
adults: M =1.91, SD = 0.28, Md = 2.00; Mann-Whitney U = 2030, p = .048, r»»=.13) and in
the prefactual condition (children: M = 1.71, SD = 0.64, Md = 2.00; adults: M = 2.00, SD =
0.00, Md = 2.00; Mann-Whitney U = 1580, p = .004, r» = .18). To summarize, the majority
of children were able to change the outcome in their thoughts altering an antecedent that was
causally linked to the outcome. Nevertheless, such an ability does not appear to entirely
overlap that of adults.

The relationship between age, the cognitive measures, and the ability to generate
counterfactual/prefactual thoughts in children was analyzed by means of ordinal logistic

regression analysis. Given that very few adults reported restatements and none of them came

1 The thought validity score of the second/third thought (when generated) was consistent with the score of the
first one generated in all adults (n = 4) and in 92% of the children (one child received a better score and one
child received a worse score with respect to the first thought generated). As regarding the controllable vs.
uncontrollable coding, all adults and 71% of children who generated more than one thought were consistent in
their responses (generating all controllable or all uncontrollable thoughts).
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up with invalid counterfactual/prefactual thoughts, we carried out this analysis only in the
children sample. We first verify the effect of demographic measures in a first bock 2,
regressing the thought validity score on age and gender (male = 1, female = 2). In order to
verify whether, controlling for demographic characteristics and condition, the score on
cognitive measures predicted the thought wvalidity score, we added the condition
(counterfactual = 1, prefactual = 2) in a second block, and working memory score and
selective attention score in a third block. In the first block, neither age nor gender, were
significant predictors (age: B = 0.21, SE = 0.14, z = 1.56, p = .118, OR = 1.24; gender: B =
0.29, SE = 0.36, z = 0.81, p = .420, OR = 1.33). In the second block, condition failed to
predict the thought validity score (B = 0.07, SE = 0.36, z = 0.20, p = .842, OR = 1.07,
difference between models: y%(1) = 0.04, p = .842). Working memory score was a significant
predictor of the thought validity score (B = 0.04, SE = 0.01, z = 2.72, p = .007, OR = 1.04)
along with selective attention score (B = 0.18, SE = 0.07, z = 2.47, p = .013, OR = 1.20;
difference between models: ¥*(2) = 17.86, p < .001, R’y = .10). The higher the working
memory score and the higher the selective attention score, the higher the probability to

generate valid counterfactual/prefactual thought.

Table 3.2
Frequency and percentage of responses according to the thought validity coding scheme, condition, and age
group in Study 1.

Children Adults
Counterfact. Prefact. Counterfact. Prefact.
N % N % N % N %
Valid 80 78.44 79 81.44 42 91.30 40 100.0
Restatement 15 14.71 8 8.25 4 8.70 0 0.00
Invalid 7 6.86 10 10.31 0 0.00 0 0.00
Total 102 100.0 97 100.0 46 100.0 40 100.0

2 following a common practice in hierarchical regression analyses, in which demographic variables are usually
entered first, and then substantive independent variables are entered to assess their effects, above and beyond the
demographics)
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3.1.2.3 Content of counterfactual/prefactual thoughts
In order to analyze the content which participants focused on in their thoughts, in the

subsequent analyses we considered only participants who scored 2 on the thought validity
score (i.e., excluding restatements and invalid thoughts).

First, we replicated the temporal asymmetry previously found with adults (Ferrante et
al., 2013; Mercier et al., 2017) both in children and adults (see Figure 3.1). The prefactual
condition elicited significantly more controllable modifications than the counterfactual
condition, both in the children’s sample (84.81% vs. 45.00%), y*(1, N = 159) = 27.61, p
<.001, Cramer’s V = .42, and in the adults’ sample (70.00% vs. 40.48%), x*(1, N = 82) =
7.21, p = .007, Cramer’s V = .30. The proportion of controllable and uncontrollable thoughts
did not differ between the two groups in the counterfactual condition (}*(1, N = 122) = 0.23,
p = .632, Cramer’s V = .04), whereas, in the prefactual condition, children, compared to
adults, tended to generate more controllable thought, even if the difference did not reach the

level of significance (x*(1, N=119)=3.62, p = .057, Cramer’s V = .17).

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
Counterfact. Prefact. Counterfact. Prefact.
Children Adults
m Controllable Uncontrollable

Figure 3.1. Study 1 percentage of controllable vs. uncontrollable thoughts according to condition
(counterfactual vs. prefactual) and age group (children vs. adults).
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Considering the specific content participants focused on more in detail we analyzed
the proportion of thoughts generated in each sub-category for controllable and uncontrollable
categories separately (see Table 3.3).

Among controllable thoughts, children almost exclusively focused on
concentration/attention level, whereas about 40% of adults focused on strategies, resulting in
a significant difference between the two groups both in the counterfactual, y*(1, N = 53) =
10.65, p = .001, Cramer’s V = .45, and in the prefactual, ¥*(1, N = 95) = 16.84, p < .001,
Cramer’s V = .42, conditions (see Table 3).

As regards the uncontrollable category, we distinguished external and internal
uncontrollable features, which were further divided into two and three other sub-categories,
respectively (task and context; pre-existing abilities, contingent abilities, and psychophysical
state; see Table 3). Nevertheless, most of these subcategories (with the exception of “task™)
had less than 5 cases in each cell. For this reason, we analyzed only the higher order
categorization, that is external vs. internal uncontrollable category. No difference was found
between children and adults in the proportion of internal and external uncontrollable
modification, neither in counterfactual (x*(1, N = 69) = 2.00, p = .158, Cramer’s V = .17) nor

in the prefactual, }*(1, N =24) = 2.74, p = .098, Cramer’s V = .34) condition (see Table 3.3).
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Table 3.3
Frequency and percentage of responses according to the coding scheme, condition and age group among
participants who generated a valid counterfactual/prefactual thought in Study1

Children Adults
Counterfact. Prefact. Counterfact. Prefact.
N % N % N % N %
Controllable Concentr. 35 9722 62 92.54 11 64.71 16 57.14
Strategies 1 2.78 5 7.46 6 3529 12 42.86
Total 36 100.00 67 100.00 17 100.00 28 100.00
Uncontrollable External
Task 34 77.27 5 41.67 16  64.00 7 17.50
Context 1 2.27 0 0.00 0 0.00 2 5.00
Total 35  79.54 5 41.67 16 64.00 9 75.00
Internal
Pre-existing 3 6.82 4 3333 3 12.00 1 8.33
Contingent 4 9.09 1 833 1 4.00 0 0.00
Psychophy. 2 4.55 2 1667 5  20.00 2 16.67
Total 9 20.46 7 58.33 9 36.00 3 25.00
Total 44 100.00 12 100.00 25 100.00 12 100.00

Note. Counterfact. = counterfactual condition, Prefact. = prefactual condition, Concentr. = concentration, Pre-
existing = pre-existing abilities, Contingent = contingent abilities, Psychophy. = Psychophysical state

3.1.3 Discussion

The results of Study 1 show that the majority of the children in our sample were able
to generate counterfactuals and prefactuals about their own performance without showing any
differences between the two forms of hypothetical thinking. Nevertheless, children appeared
not to possess this ability to the same extent as adults. Indeed, 20.10% of children (versus
4.65% of adults) did not report full-fledged counterfactual/prefactual thoughts, irrespective of
their age. On the contrary, worse scores on the working memory test and on the selective
attention test predicted the likelihood of producing invalid counterfactual/prefactual thoughts.

When a full-fledged counterfactual/prefactual thought was generated, in both the

children’s and adults’ samples we replicated previous findings on the temporal asymmetry in
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hypothetical thinking (Ferrante et al., 2013; Mercier et al., 2017): participants focused more
on controllable features in the prefactual than in the counterfactual condition. As regards the
specific content of the thoughts that participants generated, children showed a slight but not
significant tendency to generate more controllable thoughts than adults in the prefactual
condition. However, almost no child reported thoughts about different strategies that they
might have adopted/may adopt in the future to ensure a better performance.

The task in Study 1 is actually a cognitive test aimed at measuring a specific capacity
(memory). Given that the task ended when participants failed to remember the correct
sequence in two trials of equal length, participants may be prone to focus their attention on
the outcome (the abrupt failure), and, as a consequence, they may be more likely to generate
thoughts that restate the outcome or the goal of the task (e.g., “If [ remember the sequences™).
Consequently, such a task may have inflated the number of restatements, even if adults did
not show the same pattern. Employing a different task in which making a mistake did not
necessarily lead to failure, in Study 2 we aimed to further investigate the differences in
counterfactual thinking between children and adults. Given that we found no evidence that
prefactual thinking is easier than counterfactual thinking in the age groups we considered,
and we found strong evidence of the temporal asymmetry also in children, in Study 2 we

focused only on counterfactual thinking.
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3.2 Study 2
In Study 2 we further investigated children’s ability to produce counterfactuals about

their own experience and the specific content they focus on with the aim of generalizing the
findings of Study 1 using a different task. To this end, we used a task that offers a greater
level of control and gives the possibility of continuing with the task despite any possible
mistake (i.e., connecting a series of numbers and letters without lifting the pen off the paper
within a given amount of time). Moreover, in order to check whether the number of
restatements may have been inflated by the task ending when two mistakes were made, we
manipulated the goal of the task: in one condition the goal was to finish the task as soon as
possible (definite goal), whereas in the other condition the goal was to do their best in the
given time (indefinite goal). In both conditions, participants were not informed about what
the time limit was. Actually, the time limit was individually adapted: when participants had
completed approximately two-thirds of the path, they were told that the time expired. If the
abrupt failure in Study 1 led participants to focus more on the outcome increasing the
likelihood of restatements, we should find a greater number of restatements in the definite
goal condition, in which they clearly failed the task, compared to the indefinite goal condition.

Moreover, allowing participants to repeat the game after generating counterfactual
thoughts, we had the possibility to collect not only performance evaluation, but also
predictions on future performance that could contribute explaining possible differences in

thoughts generated by children and adults.

3.2.1 Method

3.2.1.1 Participants
One hundred and eighty-seven children (90 male and 97 female, age: M = 9.32, SD =

1.03, ages range from 8 to 12 years) not involved in the previous study participated in the

study. One hundred fifty-three children came from primary school (age: M = 8.95, SD = 0.74,
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ages range from 8 to 10) and 34 came from the first year of middle school (age: M = 10.94,
SD = 0.34, ages range from 10 to 12). All children had the written consent of their
parents/guardian to participate in the study. Participants came from two different primary and
middle schools in Southern Italy from diverse socio-economic backgrounds and different
neighborhoods.

Moreover, 97 adults (49 male and 48 female; age: M = 23.72, SD = 3.37; ages range
from 19 to 39), not involved in the previous study, were recruited to take part in the study.
They came from various towns in Italy. Sample size was decided as in Study 1.

The procedure was approved by the Ethical Committee of the University of Trieste

(report number 116).

3.2.1.2 Materials and procedure
Children were tested individually in a quiet area in their schools. Following Study 1,

they first took part in a game. In particular, they were presented with a modified version of
the Trail Making Test-B (TMT-B; Tombaugh, 2003). The original version of the TMT-B
requires an individual to draw lines sequentially connecting 25 encircled numbers and letters
distributed on a sheet of paper, alternating between numbers and letters (e.g., 1, A, 2, B, 3, C,
etc.). In order to make the task equally challenging for children and adults, based on a pretest
with a sample of children and a previous experiment using the same task, we created two
versions of the task. In the children’s version, the sheet included numbers from 1 to 11, and
letters from A to L, whereas the adults’ version included numbers from 1 to 17 and letters
from A to R. Moreover, to reduce the possible difference between adults and children in the
cognitive availability of the number-letter sequence (which should be higher in adults) we
provided all participants with a sheet of paper next to the task sheet displaying the correct
alternate order of the numbers and letters.

The instructions for the task varied according to the goal-condition to which
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participants were randomly assigned. In one condition, participants were told that their task
was to connect all the elements, alternating numbers and letters in the shortest time possible
(definite goal condition, n = 92 children, and n = 48 adults). In the other condition they were
told that their task was to connect as many elements as possible alternating numbers and
letters before the time elapsed (indefinite goal condition, n = 95 children, and n = 49 adults).
In both conditions participants were told that a time limit was set, but that they would not be
informed about what that limit was. In fact, when children reached the number 9 and adults
reached the number 14, which corresponded to 80% of the task having been completed, the
experimenter told participants (in both conditions) that the time was elapsed. In this way, all
participants received the same feedback, and the experimenter registered the amount of time
they spent to reach the stopping point. Finally, participants were instructed to avoid making
mistakes and not to lift the pen off the paper during the entire task, as this would be
considered an error. The experimenter made it clear that making errors decreased their score.
The task was presented to participants as a game, and the experimenter read the instructions
aloud with the children, whereas only written instructions were provided to adults. Children
(not adults) performed a short practice trial before beginning the task (see the Supplemental
material for detailed instructions).

After completing the task, all participants were presented with a questionnaire. First,
participants were asked to evaluate their performance on a 5-point scale ranging from 1 (very
bad) to 5 (very good). Next, participants were informed that they would be asked to tackle
another version of the game again in a few minutes. They were then asked to think about their
performance and to complete, in at least one way, the sentence: “The game would have been
better for me if...”. Two boxes were provided for the answers. Next, they were asked to rate
the extent to which they thought that: they could have performed better in the previous game,

they would perform better in the next game, they would reach the end of the game in the next
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attempt, on a 5-point scale, ranging from 1 (definitely not) to 5 (definitely yes). Finally, they
were asked whether they thought they were good at this kind of game, using a 5-point scale
ranging from 1 (not at all) to 5 (very much). Children completed 5 more questions about their
academic performance (i.e., their level of confidence in passing the academic year, general
performance evaluation, average grade in Math, History, and Italian).

After completing the questionnaire, participants took part in the second game.
Participants were presented with the same game, but the letters and numbers were arranged
differently. The order of the first and second game was counterbalanced across participants.
In order to avoid distress feelings in children, in the second game they were allowed to reach
the end of the task and the experimenter recorded the time they spent to reach the point in
which they were stopped in the first game and the overall time spent to complete the task.
Instead, adults were given the same amount of time which they had spent to reach the point in
which they were stopped in the first game, and the experimenter recorded the point they

reached in the second game.

3.2.2 Results

3.2.2.1 Coding
We adopted the same coding scheme used in Study 1. Examples of responses for each

category are reported in Table 3.4. Responses that contained irrelevant comments or missing
responses were coded as invalid counterfactual thought. Tautological responses that
described a better performance without highlighting how it could be achieved were coded as
restatement. The remaining responses were coded as valid counterfactual thoughts and
further divided into controllable or uncontrollable categories. The sub-categories for the
controllable features were concentration, strategies (as in Study 1) and a new added
subcategory: errors. Given the possibility of making a wrong connection or lifting the pen off

the page, we added the errors subcategory which included all the responses in which
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participants highlighted that they would have avoided making mistakes (e.g., “If I did not
make mistakes™), or to lift the pen off the paper (e.g., “If I did not lift the pen”). The external
uncontrollable features included the same subcategories of Study 1 (task and context), as well
as the internal uncontrollable subcategory (pre-existing abilities, contingent abilities, and
psychophysical state). Two independent judges coded the responses. Their agreement rate
was 97.89%, Cohen’s k = .97, p = .001, and disagreements were resolved by discussion and

the input of a third judge.

Table 3.4
Examples of counterfactual thoughts generated by participants in Study 2 arranged according to the coding
scheme.

Category Counterfactuals
The game would have been better for me if...
Controllable
Concentration - I had put in more effort
- I was going faster
Strategies - I had checked the above sheet [with the alphabet]
- I had had a look at the letters and numbers before
starting connecting them
Errors - I had not lifted the pen

I had not linked two letters in a row

Uncontrollable external

Task - I could have lifted the pen
- I had had more time
Context - The room was quieter

I had performed the task in the morning

Uncontrollable internal

Pre-existing My hand-eye coordination was faster

abilities - My hand was smaller
Contingent - I had seen where the letters were
abilities - I had better understand the instructions
Psychophysical - I were not tired
state - ] were less anxious
Restatement
- I had won
- I had linked more elements
Invalid

the task is good but difficult
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3.2.2.2 Ability to generate counterfactual thoughts
The descriptive statistics according to the thought validity coding scheme are

presented in Table 3.5.

34.22% of children and 21.65% of adults modified more than one thought to the open
question. The fact that in Study 2 we provided participants with two boxes for their answers
instead of one may have increased the probability of generating more than one thought.
Nevertheless, the majority of both children and adults generated only one thought. Therefore,
following Study 1 and previous studies (e.g., Kahneman & Tversky, 1982; Markman et al.,
1995), we analyzed only the first thought that participants came up with3. 15.51% of the
children’s thoughts were coded as restatements, whereas only 2.06% of the adults’ thoughts
were coded similarly. 4.81% of the children (and no adults) reported invalid thoughts (see
Table 5). Following Study 1, we computed the thought validity score in the same way
(invalid = 0, restatement = 1, valid = 2). Children showed a significantly lower thought
validity score (M = 1.75, SD = 0.53, Md = 2.00) than adults (M = 1.98, SD = 0.14, Md = 2.00;
Mann-Whitney U = 7405, p < .001, r» = .18), showing a lower capacity to generate
counterfactual thoughts, in line with Study 1.

Moreover, goal-condition had no effect on this score, neither in the children’s sample
(Mann-Whitney U = 4103, p = .304, r»=.06), nor in the adult’s sample (Mann-Whitney U =
1127, p = .155, r» = .04). The finding that the clear failure in the definite goal condition did
not decrease the thought validity score, along with a similar percentage of restatements in

Study 2 with respect to Study 1 (15.51% and 14.71%, respectively), rules out the idea that

3 The thought validity score of the second/third thought (when generated) was consistent with the score of the
first one in all adults (n = 21) and in 80% of the children (only three children received a better score for the
second thought, whereas the other eight children received a worse score). As regarding the controllable vs.
uncontrollable coding, 62% of adults and 84% of children who generated more than one thought were consistent
in their responses.
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restatements were inflated by the rules of the task in Study 1.

We ran an ordinal logistic regression analysis in order to test whether the thought
validity score depended on demographic characteristics, performance on the game and self-
reported academic performance. The analysis was run on the children’s sample only, given
that 98% of adults produced valid counterfactuals. We entered the predictors into three blocks.
As in Study 1, in the first block, we entered demographic measures: children’s age and
gender (male = 0, female = 1). Neither gender (B = 0.47, SE =0.37, z=1.26, p = .206, OR =
1.60) nor age (B =-0.07, SE=0.18,z=10.42, p = .677, OR = 0.93) were significant predictors.
In the second block, we entered the performance on the metrics of the first game (time spent,
number of mistakes and number of pen lifts), in order to assess the effect its effect controlling
for demographic variables. This model fit the data better than the first model (x*(3) = 8.31, p
= .040; R’v = 0.05). The time spent on the task significantly predicted the thought validity
score (B =-0.02, SE=0.01, z=2.80, p = .005, OR = 0.98): as the time spent by participants
on the task increased, the thought validity score decreased. The number of mistakes
participants made during the task (B =0.26, SE =0.24, z = 1.09, p = .276, OR = 1.30) and the
number of pen lifts (B = 0.20, SE = 0.12, z = 1.73, p = .082, OR = 1.22) did not significantly
affect the thought validity score.

Gender and age were still not significant (zs < 1.20, ps >.235). In the last block we
added the general evaluation of their academic performance and the average of their grades in
school, in order to verify whether, controlling for demographic variables and performance
metrics, self-reported academic performance may predict thought validity score. This third
model did not fit the data better than the second one (¥*(2) = 4.98, p = .083).

To summarize, children and pre-adolescents seem to possess the ability to reflect on
how their own performance could have been different, but they do not completely reach the

adults’ ability to do so, replicating the results of Study 1. This effect does not appear to be
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related to children’s age, but to a more general ability: children who scored worse on the

thought validity score spent a greater amount of time on the task.

Table 3.5

Frequency and percentage of responses according to the thought validity coding scheme and age group in Study
2.

Children Adults
N % N %
Valid 149 79.68 95 97.94
Restatement 29 15.51 2 2.06
Invalid 9 4.81 0 0.00
Total 187 100.00 97 100.00

3.2.2.3 Content of counterfactual thoughts
As in Study 1, the thought content analyses were based on participants who scored 2

on the thought validity score (i.e., excluding restatements and invalid thoughts).

The proportion of controllable and uncontrollable counterfactual thoughts strongly
differed between the sample of children and adults, ¥*(1, N = 244) = 34.70, p < .001,
Cramer’s V = .38 (see Figure 3.2). Differently from Study 1, children generated significantly
more controllable counterfactuals than adults (73.83% vs. 35.79%, respectively). No
differences were found between goal conditions (i.e., the definite and indefinite goals) neither
in the children’s sample, ¥*(1, N = 149) = 0.17, p = .680, Cramer’s V = .03, nor in the adults’

sample, ¥*(1, N=95) = 0.04, p = .843, Cramer’s V = .02.
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Figure 3.2. Study 2 percentage of controllable vs. uncontrollable counterfactual thoughts according to age group
(children vs. adults).

Following Study 1, we next analyzed more in detail the specific content of the
counterfactual thoughts separately for controllable and uncontrollable categories (see Table
3.6 for details).

Among controllable modifications, the thought distribution into categories of
concentration, strategies and errors differed between children and adults, ¥*(2, N = 144) =
22.11, p < .001, Cramer’s V = .39. In particular, children focused much more on errors than
adults: 48.18% of the children’s controllable counterfactuals focused on this subcategory,
whereas only 8.82% of the adults’ controllable counterfactuals did so, ¥*(1, N = 144) = 16.93,
p <.001, Cramer’s V = .34. On the other hand, children compared to adults focused less on
strategies (7.27% vs. 29.41% of controllable thought, respectively), x*(1, N = 144) = 11.64, p
<.001, Cramer’s V = .28, in line with Study 1. Finally, children and adults did not differ in
the proportion of thoughts regarding concentration (44.55% vs. 61.77% of controllable
thoughts, respectively), y>(1, N = 144) = 3.08, p = .079, Cramer’s V = .15. As regards the
uncontrollable category, following Study 1, we analyzed the proportion of external and

internal uncontrollable thoughts among all the uncontrollable thoughts. Children tended to
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focus more on internal features in their uncontrollable thoughts than adults (56.41% vs.
26.23%), x*(1, N = 100) = 9.20, p = .002, Cramer’s V = .30.

Finally, no differences between goal conditions were found in any subcategories,
neither in the sample of children (s < 3.03, ps > .220) nor in the adult sample (s < 3.32,
ps > .068).

Taken together, these results suggest that the increased number of controllable
thoughts in the sample of children with respect to Study 1 and the subsequent difference
compared to the adult sample was driven by the possibility of focusing on the errors that
participants made: 35.57% of children focus on their own errors (representing almost half of
the children’s controllable counterfactuals) while almost no adults did so (3.16%,

representing about 9% of the adults’ controllable counterfactuals).

Table 3.6.
Frequency and percentage of responses according to the coding scheme and age group among participants who
generated a valid counterfactual thought in Study 2.

Children Adults
N % N %
Controllable =~ Concentr. 49 44.55 21 61.77
Strategies 8 7.27 10 29.41
Errors 53 48.18 3 8.82
Total 110 100.00 34 100.00
Uncontrollable External
Task 17 43.59 42 68.85
Context 0 0.00 3 4.92
Total 17 43.59 45 73.77
Internal
Pre-existing 3 7.69 4 6.56
Contingent 17 43.59 5 8.19
Psychophy. 2 5.13 7 11.48
Total 22 56.41 16 26.23
Total 39 100.00 61 100.00

Note. Concentr. = concentration, Pre-existing = pre-existing abilities, Contingent =contingent abilities,
Psychophy. = Psychophysical state
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3.2.2.4 The effect of performance and performance evaluation
Given that we did not find any differences on the dependent variables between goal

conditions, we did not consider this variable in the following analyses.

Compared to adults, the larger proportion of the children’s controllable
counterfactuals focusing on avoiding errors might be driven by the fact that children lifted the
pen off the page more frequently than adults (1.79 vs. 0.93, 7 (282) =4.01, p <.001, d = 0.50),
whereas they made a similar number of mistakes (0.63 vs. 0.45, ¢ (282) = 1.44, p = .151,d =
0.18). To rule out this possibility, we tested by means of logistic regression whether the
general content of the counterfactual thoughts (controllable = 1 vs. uncontrollable = 2) might
be predicted by performance metrics (time spent, number of mistakes and number of pen lifts
in the first game), and whether the difference between age groups would disappear after
controlling for those variables. In particular, we considered: in the first block the age groups
(children = 0 vs. adults = 1), the time spent in the first game (z standardized for children and
adults separately, given that the adult version was longer), the number of mistakes and the
number of pen lifts; in the second block the 2-way interactions between age groups and
performance variables. The first model (x*(4) = 50.55, p < .001, R’y = .25) showed that as the
number of pen lifts increased, the probability of generating an uncontrollable counterfactual
decreased (B =-0.30, SE=0.12,z=2.57, p = .010, OR = 0.74), while the number of mistakes
(B=-0.20, SE=0.17,z=1.17, p = .244, OR = 0.82) and the time spent in the first game (B =
-0.22, SE =0.18, z = 1.23, p = .219, OR = 0.81) did not have any effect on thought content.
The age group difference was still strong and significant (B = 1.46, SE = 0.30, z = 4.83, p
<.001, OR = 4.32), suggesting that the increased number of controllable counterfactuals in
children as opposed to adults was not due to a larger number of errors in this sample. The
second model (with the 2-way interactions) did not fit the data better than the first one (y*(3)
= 0.90, p = .825), suggesting that performance metrics had no different effect on thought

content in the two age groups. These results showed that when children and adults
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erroneously lifted the pen, both were more likely to generate controllable counterfactuals, but
the difference between adults and children is still strong and significant after controlling for
the number of pen lifts and other performance metrics.

As regards the retrospective self-report measures, children, compared to adults, better
evaluated their first performance (3.91 vs. 3.30, #(282) = 7.19, p <.001, d = 0.90) and their
ability at this kind of game (3.61 vs. 3.08, #282) = 6.57, p < .001, d = 0.82), but they were
less confident they would have performed better in the previous game (4.10 vs. 4.38, #(282) =
3.34, p <001, d = 0.42). In order to test whether such different evaluations might have
affected the thought content, explaining the difference between adults and children on the
proportion of controllable counterfactuals, we regressed the thought content onto all these
variables in a logistic regression analysis (controllable = 1; uncontrollable = 2). The results of
the model (¥*(4) = 50.47, p < .001, R’y = .25) showed that the better the performance was
evaluated, the higher the probability to generate uncontrollable counterfactuals (B = 0.88, SE
=0.24,z =3.63, p <.001, OR = 2.42), while the other ratings were not significant predictors
(zs < 1.57, ps > .11). The effect of age groups remained strong and significant (B = 2.01, SE =
0.35,z=5.77, p <.001, OR = 7.48).

As regards predictions about future performance, compared to adults, children had a
higher level of confidence that they would finish the game on the second try (3.57 vs. 3.33, ¢
(282) = 2.22, p = .027, d = 0.28), even if they were equally confident regarding future
improvement (3.92 vs. 3.86, ¢ (282) = 0.63, p = .529, d = 0.08).

Taken together, these results show that controllable counterfactuals were more likely
as participants lifted the pen more often and their performance evaluation decreased.
Nevertheless, the greater number of controllable counterfactuals in children cannot be

explained by performance metrics and participant evaluations.
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3.2.3 Discussion
In line with Study 1, the majority of children demonstrated the ability to reflect

counterfactually on their own performance, but to a lesser extent than adults. As previously
found in Study 1, the age of the children was not related to the counterfactual ability, and
children who did not report a fully-fledged counterfactual thought also performed worse on
the task, suggesting a relationship with the development of other abilities. These results
indicate that the task used in Study 1 did not inflate the restatements, as in Study 2 we
replicated the findings on the thought validity score using a different task and framing the
goal as definite or indefinite had no effect.

Unlike Study 1, we found a strong difference between children and adults regarding
the number of controllable thoughts. Such a difference seems to be driven by the fact that
children tended to focus on the errors they made, whereas adults preferred to focus on
external features. Indeed, the proportion of controllable thoughts referring to concentration
remained unchanged between children and adults, whereas the proportion of controllable
thoughts referring to errors is much higher in children. Interestingly, note that after making an
error, it is possible to focus on the action that led to such a mistake (the controllable
subcategory “errors”) or on the rule that defines such an action as an error (i.e.,
uncontrollable feature referring to the task). Considering thoughts referring to pen lifts in
both samples may give us a hint about the possibility that children focused on the action
whereas adults on the rule behind it. Among all the children’s mentions of lifting the pen off
the paper (n = 34, 22.82%), the large majority focus on how they could have avoided doing
so (n =33), and just one child focused on the rule behind it (i.e., “if only I could have lifted
the pen”). On the contrary, among all the adults’ thoughts referring to pen lifts (n = 11,
11.58%), the large majority undid the rule that forbade pen lifts (» = 9) and did not undo the
participants’ possibility to avoid lifting the pen (n = 2). Such a focus on their own actions vs.

rules may explain the difference we found between adults and children (see the General
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Discussion).
We also found that a greater number of pen lifts prompted controllable counterfactuals.

Moreover, controllable counterfactuals were more likely when participants were not satistied.

55



3.3 General Discussion

In two studies we investigated for the first time the capacity to generate valid
counterfactual thoughts and the content of such thoughts when children reflected on events
that actually happened to them. In particular, after taking part in a game, children reported
their thoughts about how their performance would have been better. As expected, results
showed that the majority of children aged 8 to 13 are able to report valid counterfactual
thoughts, despite not reaching adults’ ability: about 20% of children (21.6% in Study 1,
20.3% in Study 2), versus about 5% of adults (8.7% in Study 1, 2.1% in Study 2), provided a
restatement or an invalid counterfactual thought. In both studies, the capacity to generate
valid counterfactuals does not appear to be related to the children’s age, but to general
abilities. Indeed, we found that participants who scored worse on the working memory test
and the selective attention test in Study 1 and those who performed worse in the game in
Study 2, were more likely to generate an invalid counterfactual thought. Based on these
results, it is possible that, on one hand, low cognitive skills impair comprehension of the
counterfactual instructions (in which they were required to find an antecedent sufficient to
undo the outcome) or, on the other hand, that the complex causal structure of the
representation of a just-experienced event required a higher level of cognitive skills than
those required in simpler tasks used in other studies (see Nyhout & Ganea, 2019b). However,
the fact that the counterfactual thought task was based on children’s performance on the same
task used to measure cognitive abilities highlighted a possible confound that prevented us
from drawing conclusive result. Future research may overcome this limitation using different
tasks to measure cognitive skills and elicit counterfactual worlds. Nevertheless, it is worth
noting that in the two studies we obtained similar findings on the ability to generate
counterfactual thoughts about children’s own experience, despite employing two different

tasks.
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In Study 1 we also showed that children engaging in prefactual thinking (i.e.,
imagining how the performance will be better in the future) experienced the same difficulties
as children engaging in counterfactual thinking (18.56% of restatements or invalid prefactual
thoughts), as we expected. This result may not seem to be in line with previous literature
suggesting that prefactual thinking is easier than counterfactual thinking (e.g., Perner et al.,
2004; Riggs et al., 1998; Robinson & Beck, 2000). However, as we pointed out in the
introduction, in order to generate a valid prefactual thought in our study, participants needed
not only to simulate a future scenario, but also to consider what had occurred just a few
minutes before. Consequently, participants need to keep in mind two representations (i.e., the
present and the future ones) just as well as in counterfactual thinking (i.e., the present and the
alternative ones). Therefore, our results actually support previous findings; when prefactual
thinking requires two simultaneously active representations, it is no longer easier than
counterfactual thinking, in line with the idea that the previously found difference in difficulty
between counterfactual and prefactual thinking lies in the representations needed to provide a
correct answer (Rafetseder et al., 2010).

Our findings have shown that it seems more difficult generating counterfactual
thoughts about a just-experienced event than about events presented in scenario-based
paradigms. This difference may lie not so much in the perspective from which children build
alternative worlds (first vs. third person), but in the complexity of a directly experienced
event. First, studies with adults showed that perspective does not matter if participants were
exposed to the same information: observers of actors solving a task modified the same
antecedents as the actors themselves (whereas participants who read about the same event
focus on other features; Pighin et al., 2011). Second, it appears that children reported
evidence of regret about their own experience earlier than about the experiences of others

(Weisberg & Beck, 2010). Therefore, it may be expected that first person counterfactuals are
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easier than third person counterfactuals (Beck, 2020). The difference may thus lie in the
complexity of a real-world experience that may challenge children’s capacity to consider a
broader range of possible antecedents.

As regards our second aim, which was comparing the thought content between
children and adults, we analysed controllable and uncontrollable modifications in children
and adults experiencing the same event. In Study 1, children exhibited the same temporal
asymmetry in hypothetical thoughts between controllable and uncontrollable modifications
previously found with adults (Ferrante et al., 2013, Mercier et al., 2017): Both children and
adults generated more controllable thoughts in the prefactual than in the counterfactual
condition. Moreover, children’s valid thought content did not differ with respect to adults,
except for the fewer modifications focusing on the strategies that they would have adopted to
obtain a better result. On the contrary, in Study 2 we found a strong difference in the
counterfactual content between the two age groups: children focused on controllable
modifications twice as much as adults.

From these findings two questions arise. First, why did children focus more on
controllable modifications than adults in Study 2? Second, why did we find such a different
result in the two studies? Analysing the content of controllable thoughts, we observed that
while almost no adults mentioned errors in their thoughts, 36% of children undid the errors
they had made, which seems to explain the difference in the controllable modifications
between children and adults in Study 2. Focusing on error modifications seems to be a child-
specific tendency, given that even controlling for the actual number of errors and the
performance evaluation, the difference with adults remained strong and significant. We can
only speculate about the basis of this tendency.

A first possibility may be directly related to the development of the ability to consider

a broader range of possibilities when thinking counterfactually: children might not be able to
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fully consider the impact of the external context in a real-world experience such as the one
we used in our study, in which a more sophisticated model of reality needs to be considered.
In other words, the mechanism underlining this effect might be similar to the hypothesized
explanation for the actors vs. readers effect (Girotto et al., 2007), in which readers of a
scenario describing an individual’s failure to solve a problem focused more on controllable
modifications than individuals who actually failed at the same problem (i.e., actors). The
readers’ lower availability of information about the problem-solving phase may have led
them to undo the salient factors in their counterfactual words, such as the protagonist’s
actions, whereas actors who had access to all the information about such a phase may choose
from a broader set of factors one that would have been more likely to undo the negative result.
Similarly, children’s representation of the event may be simpler and less sophisticated,
leading them to focus on salient factors instead of considering a large set of possibilities.
Indeed, in Study 2, while children referring to errors in their thoughts simply undid the errors
they had made, almost all adults that mentioned errors focused on one cause of their errors
(i.e., the existence of the rule). Moreover, in both studies almost none of the children thought
about alternative strategies that could have improved their performance (i.e., about 3% of the
controllable modifications vs. 36% of the adult sample), a category of thoughts that may
require a more complex representation of the experience. Taken together, these results
suggest that some of the children’s counterfactuals may result from basic conditional
reasoning based on available general assumptions (e.g., errors decrease performance), that
may derive from the errors’ salience in the school context. Another explanation relies on
possible differences in blame attribution. Some insight may come from studies providing
evidence that even when the ability to reason counterfactually has been developed,
counterfactual emotions and some biases previously found in adults may emerge later in

childhood. For instance, Payir and Guttentag (2016) showed that children over the age of 12
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but not younger children applied counterfactual thinking as a consoling strategy to a similar
extent as adults. Moreover, recently Payir and Guttentag (2019) found new evidence that
some biases in counterfactual thinking may emerge later than others and not necessarily
together with the ability to think counterfactually. In particular, the authors showed that
children aged less than 11 years did not show the action/inaction bias, namely, they did not
cast more blame on the character who acted than the character who did not act when both
were responsible for a negative outcome. A similar mechanism may explain our results:
children may not cast more blame onto themselves for their actions, and so they might be
willing to focus on their errors. On the other hand, focusing on errors may lead adults to
blame themselves, and so they shifted their attention to other external factors. Moreover,
Payir and Guttentag (2019) showed that when 11-year-olds and adults, but not younger
children, took the prospective of others, they tended to focus on the actions of the protagonist,
whereas when they made blame judgments themselves, they focused more on situational
factors. Our results may be in line with this finding, but the question is still open as to
whether the low number of controllable counterfactuals when adults reflect on their own
experience depends on avoiding blame themselves (Girotto et al., 2007).

For another point of view, studies on developmental changes in children’s concept of
ability showed that the notion of ability as separated from effort emerges later in development
(after 11 years of age), while effort tends to be seen by children aged 7 to 9 years as the
primary cause of performance (Nicholls, 1978; Nicholls & Miller, 1984; Folmer et al., 2008;
see also Muenks et al., 2018). As a consequence, children may have generated more
controllable counterfactuals about their errors because of such a tendency to see the effort put
into the game as the main cause of performance. Future research might disentangle which of
the proposed explanations (complex mental model, blame attribution, effort vs. ability) better

explains why children focus on different content with respect to adults, contributing to our
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knowledge regarding children’s ability to think counterfactually.

As regards the second question, the reason why we find different results in the two
studies, a possible explanation may be derived considering the different characteristics of the
tasks used in Study 1 vs. Study 2. Whereas in Study 1 the game was a memory test in which
the performance was given by the number of sequences correctly reproduced before failing,
in Study 2 the goal was to connect the dots as fast as possible, and errors would impede
performance but not lead to completely failing at the task. Therefore, the errors might become
a valid candidate for the modification in the counterfactual world only in Study 2. In the task
given in Study 1, altering the errors would result in a tautological thought: errors made in the
first game means failing the task, so focusing on not making errors equals to stating, “the
game would have been better if [ had not failed at the game”. This may have led children who
are able to generate counterfactual thinking to search for other factors that may have
impacted their performance, such as external features. On the contrary, making less errors in
the second game would result in a better and faster performance, so this antecedent became
valid in Study 2 and was altered by 35% of the children. The tendency to focus on the
mistakes they made may have been hidden in Study 1 by the task features that did not allow
for the modifications of their own errors. Nevertheless, it is worth noting that the proportion
of restatements in Study 1 was not inflated by the fact that valid counterfactuals could not be
generated by undoing the errors made, given that restatements’ proportion was identical in
the two studies (about 15%).

In conclusion, our studies shed a new light into children’s ability to think
counterfactually, extending the investigation to more complex situations in which children
have to reflect on their own experiences (and not only read about or observe the actions of an
external character). Future research may continue exploring the content of counterfactual

thoughts regarding children’s first-hand experiences, ruling out the effect of perspective
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change in real world experiences (actors vs. observers) and further investigating the existence

of fault lines in children’s counterfactuals.
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CHAPTER 4

COUNTERFACTUAL THINKING IN DAILY LIFE: THOUGHTS ABOUT
COVID-19 PANDEMIC AND INSOMNIA

People spontaneously create counterfactual thoughts about how things could have been
better or worse, especially after a negative outcome.

Previous studies have examined the frequency of those thoughts in diverse real-world and

complex contexts, such as accident prevention (e.g., Rizzo et al, 1992), the judicial context
(for a review Dhami et al. 2007), insomnia (e.g., Schmidt and Van der Linden, 2009; 2013;
Schmidt et al., 2018) or politics (e.g., Catellani et al, 2013).
The procedure used in these experiments involves, in most cases, vignettes whose
descriptions of phenomena are highly simplified and, therefore, participants respond to a
counterfactual question by simply imagining themselves in those situations (e.g., suffering an
accident, being the perpetrator, or victim, judge, or juror). Some studies have assessed
counterfactual thoughts in daily life (e.g., insomnia and politics), examining the frequency
and direction of counterfactuals related to situations already experienced by the participants.
Other studies have examined the phenomenological characteristics and the influence of
outcome valence on counterfactual thinking using specific memories of events that happened
within the past 10 years (e.g., De Brigard end Giovanello, 2012).

However, to the best of our knowledge, no studies have examined the content of
counterfactuals (what might have been if only...) in current everyday situations. Furthermore,
no studies have compared the content of counterfactual evaluations with causal explanations
(this happens because...).

In two studies we analyze the content of counterfactual thoughts in two real negative

everyday situations, adapting the experimental paradigm of Ferrante et al (2013). This
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paradigm involves participants performing a task and then producing a thought about their
performance. In these two studies, the experimental task is replaced by a daily life event.
More specifically, participants reason about a real-life event they experience and then
produce thoughts about that situation.

In both experiments we ask participants to generate counterfactuals regarding two different
daily experiences: the covid-19 pandemic and insomnia. We use two different events to test
the characteristics of counterfactual thinking in a different context. We assess if there are
cross-cutting content chosen regardless of the specific context and try to generalize a content-
based thought coding scheme.

Study 3 analyzes the counterfactual thoughts produced by participants about the
Covid-19 pandemic. In particular the study considers counterfactuals about the spread of
infection, the personal risk of covid infection, and daily life. We collected data during the
first lockdown in Italy.

Study 4 analyzes counterfactual thoughts generated by participants' difficulties in
falling asleep and compares counterfactual evaluation with causal judgment about the same

event.
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4.1 Study 3: “Counterfactual thinking about infection and one’s daily life during
the first lockdown for the COVID-19 pandemic in Italy”

COVID-19 was declared a worldwide pandemic in March 2020 (World Health
Organization 2020). Italy became one of the earliest hotspots of the COVID-19 infection. On
March 9, 2020, the first lockdown to contain infections took effect. With the first lockdown,
Italy reduced the number of infections (Flaxman et al, 2020) but also the pandemic led to the
loss of millions of jobs and economic uncertainty (Baker et al, 2020) and provoked
psychological effects such as loneliness, sleep problems, anxiety, depression, and suicidal
ideation (Killgore et al, 2020, Odriozola-Gonzalez et al.,2020; Pappa et al., 2020).

This study aims to assess the content of counterfactual thinking during the first
lockdown in Italy. We assess counterfactuals about the pandemic and their relationship with
the intention to leave home, the perception of risk, the satisfaction of past and future weeks,
and emotions.

The data collection started on April 21, 2020, during the first lockdown in Italy, when
there were 182,955 confirmed infections in Italy and 24,648 deaths (Istituto Superiore di
Sanita). In this period, people were allowed to leave their homes only for work, health, or
other essential reasons maintaining a distance of at least one meter between each other and
wearing face masks. Schools, universities, non-essential businesses, public parks, and
gardens were closed. People were not allowed to travel or gather in public places or private
homes. Previous studies assessed that the fear of infection significantly dissuaded people
from violating lockdown rules (Balbuena and Monaro 2021). In this scenario, we investigated
counterfactual thinking about Covid-19.

We choose to study counterfactuals about the pandemic because it is a singular
unpleasant event that regarded the entire population, in which people spontaneously produce

thoughts about "how things have been better or worse". In particular, we asked to participants
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to produce three counterfactual thoughts regarding:
1. Spread of infection (There would have been fewer infections and fewer deaths due to
Covidl9 if only. ...);
2. Personal risk of covid infection (I could have contracted coronavirus if only...);
3. Dalily life during the pandemic (My daily life in recent weeks would have been better
ifonly...).
The counterfactual thought about the spread of infection regards the collective dimension of
the pandemic, not the participant's personal experience. It is essentially semantic (Revlin,
Cate, & Rouss, 2001; Roese & Epstude, 2017), based on knowledge of the issue of COVID-
19, but the participants could complete the sentence drawing from their autobiographical
experience. In this case, the specific contribution of autobiographical experience or
semantical knowledge cannot be determined (see also Bertolotti and Catellani; 2023).
The other two counterfactuals are autobiographical. Autobiography-based counterfactuals,
termed episodic counterfactual thinking, are episodic in nature, retrospective, and perceived
on a continuum from the possible to the impossible (De Brigard and Giovannello, 2013). The
counterfactual about the personal risk of covid infection requires one to think about an event
that "could have been worse" (downward counterfactual) while the counterfactual about daily
life during the pandemic requires one to generate thoughts about "what could have been
better" (upward counterfactual) (e.g., Markman et al., 1993, 1995).

A second goal was to investigate whether the type of counterfactual produced on the
risk of contracting covid could influence the perception of risk of becoming infected. In line
with the psychometrical paradigm (Slovic, 1987; 1999;2000) we considered perception of
risk as essentially complex, multidimensional, and subjective (Slovic, 1987, 1999).
Participants were asked to assess both the perception of general risk, and some specific

dimensions of risk (controllability, dread, knowledge, and perceived severity). Various
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studies have assessed risk awareness during the pandemic indicating that a high-risk
perception towards COVID-19 was associated with demographic factors, individual factors,
geographical factors, and timing. Furthermore, risk perception predicted, in general,
compliance with preventive behaviors and social distancing measures (Cipolletta et al. 2022).

In line with the main function attributed to counterfactual thinking, research has paid
special attention to the effects of counterfactual thinking on intention and behavior. Therefore,
we included questions about intention and behavior.

Previous studies on counterfactual thinking showed that reasoning counterfactually
about personal events led to a higher evaluation of life (Heintzelman et al. 2013). In this
regard we decided to assess if producing a counterfactual and, more specifically, if producing
a counterfactual with specific content, was associated with more or less life satisfaction,
during a period in which people were overall less satisfied with their life (e.g., Zhang et al.
2020, Kumar et al. 2021). During COVID-19, there were problems related to physical and
social distancing measures that hurt social and psychological well-being (Barthelemy, 2020;
Sibley et al., 2020).

Finally, we decided to further explore the relationship between counterfactual
thinking and emotion. As Byrne (2016) underlined, there is a lot of evidence showing that
counterfactual thinking modulates emotional experience and is associated with positive as
well as negative emotions. People are prone to produce more upward counterfactuals that
elicit negative emotions (Markman et al., 1993; Roese & Olson, 1997; Petrocelli et al., 2012).
Thoughts about “how things could have been better" (upward counterfactuals) may help form
intentions to improve future, but also lead people to experience negative emotions (e.g.,
Epstude & Roese 2008). For example, a classic experiment (e.g., Medvec et al. 1995;
McGraw et al. 2005) revealed that bronze Olympic athletes were thought to appear happier

when they realized they had placed third than second with a silver medal. At the same time,
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numerous studies have shown the significant impact that the Covid pandemic has had on
people's emotional/affective lives. A study conducted during the first lockdown in Italy
showed that the arousal of primarily negative emotions, but also some positive emotions,
increased while the quality of life seemed to be reduced (Marotta et al 2020). Other studies
have shown an emotional flatness in the middle phases of lockdown (Quaglieri et al. 2020).
The negative affective states can shape perceptions and judgments, causing people to view
circumstances less favorably than they would otherwise do (e.g., as riskier or less promising)
(Baron, 2000). Since there is a link between counterfactual thinking and emotions, in this
study we explore if generating a counterfactual modifies the perceptions of negative and
positive emotions.

To summarize, our study aims to investigate: (1) the content of different type of
counterfactuals; (2) if simulating counterfactual thoughts about the pandemic impacted risk
perception, behaviors, satisfaction, and emotions t; (3) the influence of the content of
counterfactuals on the same variables.

We expected participants generated thoughts on a small range of contents. We also
expected that the content of counterfactuals about the spread of infection during the pandemic
is related to risk perception that plays a key role in the adoption of safety actions, in people's
feelings, and their daily habits (Motta, Zanin et al., 2020). Given that counterfactuals
facilitate behavioral intention (Smallman and Roese 2009), we expected that producing a
counterfactual about the personal risk of covid infection with controllable content could have
a relationship with the intention in the future weeks leave home. Finally, given that
counterfactuals about daily life during the pandemic are related to emotions (Byrne, 2016) we
expected a relationship between the content of counterfactuals about daily life during the

pandemic generated and emotions.
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4.1.1 Method

4.1.1.1 Participants
One-hundred and forty participants (53 male; 87 female; age: M= 34.87, SD = 13,61)

took part in the study during the first lockdown in Italy (data collection: April 21- May 03,
2020). The sample consisted of people who do not were positive or had symptoms of
coronavirus. Participants were randomly assigned to counterfactual (N = 61) or control
conditions (N = 79). The sample size was decided using a power analysis assuming a medium
effect size in an independent sample t-test (power = .80) comparing counterfactual and
control condition. The counterfactual condition size is sufficient to achieve a power = .80 in a
chi-square test comparing categorical responses collected only in this condition (assuming a
medium-large effect size). At the beginning of data collection, participants read the privacy
policy in which they were told that data collection was completely anonymous, and
participation was voluntary.

The procedure was approved by the Ethics Committee of the University of Trieste (report

number 104).

4.1.1.2 Materials and procedure

The online survey was completed using Google Forms. Screening questions were
utilized to exclude participants infected, or with possible COVID symptoms. About half of
the participants (counterfactual condition) completed three counterfactual thoughts about the
pandemic. Furthermore, we assessed behaviors, intentions, risk perception, satisfaction,

emotion, and general questions.

Counterfactual thoughts
Participants in counterfactual condition completed sentences about their negative situation

due to the coronavirus pandemic. Counterfactual thoughts were generated about:
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1. The spread of infection (There would have been fewer infections and fewer deaths due
to Covidl9 if only. ...);
2. Personal risk of the covid infection (/ could have contracted coronavirus if only...);
3. Dalily life during the pandemic (My daily life in recent weeks would have been better
ifonly...)
The thoughts about the personal risk of covid infection were the only downward
counterfactual, inducing participants to reason on "how things might have been worse". The
counterfactual about daily life during the pandemic and the thoughts about the spread of

infections were upward ("how things might have been better").

Behaviors and intention

Participants rated the frequency of going out due to permitted (work, supermarket,
health reasons, other necessity) and prohibited behaviors (meet family or friends, other) on a
5-point Likert scale from 1 (never) to 5 (almost every day). Participants were required to rate
frequency of behaviors in the last few weeks and their future intention of going out for the

same reasons. Behavior-related items were presented before counterfactuals.

Risk perception

Participants rated seven items about risk perception on a 7-point scale ranging from 1 (not
at all) to 7 (very much). Psychometric paradigm dimensions (Fischhoff et al., 1978; Slovic et
al., 1980, 1986) have been used to test the risk perception. The six items included:

1. General risk (How risky do you think it is for you to leave home at this time?)

2. Probability (If you go out at this time, how likely do you think it is that you will be

infected?)
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3. Controllability (If you go out at this time, how much do you think you can control the
possibility of being infected?)

4. Dread (If you go out at this time, how afraid are you of being infected?),

5. Knowledge (Do you know the consequences if you are infected?)

6. Severity (How serious do you think the consequences would be if you were infected?)
An additional question was added to evaluate if people perceived it as necessary to
implement those behaviors (How necessary/useful do you think it is for you to leave home at
this time?).
Risk perception items were presented after counterfactuals about the spread of infection and

personal risk of covid infection.

Past and future daily life satisfaction
Two items assessed life satisfaction in the past two weeks and predicted satisfaction
about the following two weeks on a Likert scale on a 7-point scale ranging from 1 (very

negative) to 7 (very positive).

Emotions

The Italian version of the Positive and Negative Affect Schedule (PANAS) validated
by Terracciano et al. (2003) was used to rate the frequency of emotions. PANAS is composed
of a list of 20 adjectives, ten negative and ten positive emotions rated on a Likert scale from 1
(never) to 5 (always) and comprises two independence/bipolarity corresponding to positive

and negative emotions as identified by Watson, Clark, & Tellegen (1988).

4.1.2 Results

4.1.2.1 Preliminary analysis
Participants were randomly assigned to counterfactual (N = 61, 22 males; 39 females;
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age: M = 35.53, SD = 14,28) or control conditions (N = 79, 31 males; 48 females; age: M =

34.38, SD = 13.69). Table 4.1 shows in detail the descriptive of participants in counterfactual

and control conditions. Possible differences in the behaviors in past weeks between groups

(counterfactual vs control) were assessed and no differences were found. In particular,

participants did not show differences in implementing prohibited (0.50 vs 0.44 ¢ (128) = 0.35,

p =.727, d = 0.062) or permitted (3.33 vs 2.73 ¢ (136) = 1.46, p = 0.146, d = 0.251) past

behaviors.

Table 4.1 Frequency and percentage of responses in counterfactual and control condition.

Counterfactual Control
N % N %
- Campania 34 24.46 % 37 26.62 %
_ - Friuli 10 7.19 % 15 10.79 %
Region - Veneto 7 5.04% 11 7.91%
- Other regions 10 7.19 % 15 10.79 %
Total 61 100.00 78 100.00
. - Nobody 5 3.57% 3 2.14%
People they live with _ Other people 56 40.00 % 76 54.29 %
Total 61 100.00 79 100.00
- Student 17 12.23 % 23 16.55 %
- Worker 26 18.71 % 41 29.50 %
Occupation - Student-worker 10 7.19 % 8 5.76 %
- Unemployment 2 1.44 % 4 2.88 %
- Other occupation 5 3.60 % 3 2.16 %
Total 60 100.00 79 100.00
- Go out due the work 12 19,67% 13 16, 46%
_ (at least 2/3times per week)
What they do during  -Work from home/study 41 67,21% 51 64,56%
the day (work/study) (at least 2/3times per week)
- Almost nothing 8 13,12% 15 18,98%
Total 61 100.00 79 100.00
Knowing someone - No 28 20.00 z/o 34 24.29 2A>
with covid - Yes 33 23.57% 45 32.14%
Total 61 100.00 79 100.00
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4.1.2.2 Coding
Participants generated three counterfactuals about the pandemic. Classically

counterfactuals are coded as controllable or incontrollable (Ferrante et al.,2013; Epstude and
Roese, 2017). Thoughts produced about everyday life do not always provide enough
information to determine whether the elements are controllable or uncontrollable. Therefore,
we used similar but different macro-categories by dwelling on the content (see chapter 2).

We coded the counterfactual thoughts about the spread of infections (There would
have been fewer infections and fewer deaths due to Covidl9 if only...) differently from the
other counterfactuals produced in this study. These counterfactuals were not classical
autobiographical counterfactuals because regarded a collective experience, not a personal
experience.

Examples of responses coded in each category are presented in Table 4.2. We identified the
counterfactuals that referred to POPULATION, the counterfactuals that modify the
MENAGEMENT during the pandemic and those that modify PRECONDITION of the
pandemic. POPULATION coded all the elements referred to a person's state or to rule
compliance. MANAGEMENT coded all the elements referred to delay and different ways
that should have been implemented by health policy and management during the coronavirus
pandemic. Finally, PRECONDITIONS coded all the elements referring to pre-pandemic
elements. The macro category PRECONDITION does not have specific categories because

were few.
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Table 4.2
Examples of counterfactuals regarding spread of infections generated by participants arranged according to the
coding scheme.

Spread of infections

There would have been fewer infections and fewer deaths due to Covidl9
if only...

POPULATION
State - people had been more responsible

- people had taken the directions given by the government more seriously.

Rule compliances - people had been more respectful of the rules
- everyone stayed at home

MANAGEMENT
Delay - legislation would have come in first
- they had blocked access to Italy earlier
Different way - we would have all been subjected to the covid test
- they had controlled the assisted living residences (R.S.A)
PRECONDITIONS

- had we had a more efficient healthcare system
- had more intensive care places been available.

The macro-categories used for coding counterfactuals about the personal risk of covid
infection and thoughts about daily life during the pandemic were BEHAVIOR, SITUATION,
and STATE (see chapter 2).

Table 4.3 shows the coding scheme used to classify thoughts about personal risk of
covid infection (I could have contracted coronavirus if only...). BEHAVIOR coded all the
elements related to rules compliance and to go outside. Thoughts about rule compliances
referred to respect of the rules and prohibited behaviors. Thoughts about fo go outside
focused on behaviors allowed during isolation or behaviors that the participant might have
enacted before the lockdown. SITUATIONS coded all the elements referred state-imposed
restrictions or to context, in terms of fortuity contact or personal situation. Finally, STATE
coded all the elements referring to personal psychophysical state. The macro category
STATE did not have specific sub-categories because, in the subsample of thoughts we had

extracted to determine the coding categories, we identified only a few coherent STATE
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thoughts.

Table 4.3
Examples of counterfactuals regarding personal risk of covid infection generated by participants arranged
according to the coding scheme.

Personal risk of covid infection

I could have contracted coronavirus if only...

BEHAVIOR
Rule compliances - 1 had not complied with the rules imposed

- I had had more contact with others

To go outside - I had gone out for any reason
- | take the subway often

SITUATION
Restrictions - They had not closed down major events
- I had continued my work
Context - I had been in contact with healthcare environments with infected
- I had the misfortune to come into contact with someone infected
STATE

- Had I been predisposed to contract it

Invalid - I don't know.
- Maybe I even already get it, what do I know?

Table 4.4 shows the coding scheme used to classify thoughts about daily life during

the pandemic (my daily life in recent weeks would have been better if only...). BEHAVIOR

coded all the elements referred to actions or inaction that participants potentially can control

to avoid being infected and improve the quality of their daily life. SITUATION coded all the

elements referred to state-imposed restrictions or to context, in terms of fortuity contact or

personal situation. Finally, STATE coded all the elements referring to personal

psychophysical state.
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Table 4.4

Examples of counterfactual thoughts regarding daily life during the pandemic generated by participants arranged

according to the coding scheme.

Daily life during the pandemic

my daily life in recent weeks would have been better if only...

BEHAVIOR
- I would use more of the time I have productively
SITUATION
Restrictions - Had no restrictions
- I could have seen my friends
Context - I had a garden
- Had other family members at home
STATE
- I could have felt free
- Had I known how to use technology more to be closer to loved ones
Invalid

- Wouldn't it have been better
- I consider myself lucky, I didn't feel any particular discomfort

4.1.2.3 Spread of infection: “There would have been fewer infections and fewer deaths

due to Covid19 if only...”

All counterfactuals about the spread of infection that have been generated were coded

as valid. First, we analyzed the distribution of counterfactual thoughts in the three macro-

categories POPULATION, MANAGEMENT, and PRECONDITION (Figure 4.1): most of

the thoughts produced by participants (about 64%) fell into the category MANAGEMENT,

about 23% in POPULATION and about 13% in PRECONDITIONS. The Test of Proportions,

2 (2, N = 61) = 26.59, p <.001, confirmed the different availability of the tree macro-

categories of thought.
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Figure 4.1 Spread of infection: Percentage of POPULATION vs. MANAGEMENT vs PRECONDITION
thoughts

Analyzing more in detail the content of thoughts generated in each macro-category
POPULATION, MANAGEMENT, and PRECONDITION.
In POPULATION macro-category, 11 out 14 modified rule compliances. In
MANAGEMENT macro-category, 29 participants modified the delay of management, and 10
participants focus their thoughts on different ways to management pandemic (Figure 4.2).
Given that the MANAGEMENT modifications were the most frequently, we assessed
whether a specific content was more available in this macro-category. The Test of
Proportions, ¥2 (1, N =39) = 9.26, p = .002 showed that there was greater availability of the

content delay.
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Figure 4.2 Spread of infection: Percentage of specific content according to condition

4.1.2.4 Personal risk of covid infection: “I could have contracted coronavirus if only...”
Two thoughts were coded as invalid and excluded from the analysis. First, we

analyzed the distribution of counterfactual thoughts in the three macro-categories
BEHAVIOR, STATE, and SITUATION (Figure 4.3): most of the thoughts produced by
participants (about 74%) fell into the category BEHAVIOR, about 21% in SITUATION and
about 5% in STATE. The test of Proportions, 2 (2, N = 61) =43.89, p <.001, confirmed the

different availability of the tree macro-categories of thought.
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Figure 4.3 Personal risk of covid infection: Percentage of BEHAVIOR vs. SITUATION vs STATE thoughts

We analyzed more in detail the content of thoughts generated in each macro-category
BEHAVIOR, SITUATION, and STATE. As regard BEHAVIOR macro-category, 19
participants generated a counterfactual about rule compliances and 23 about fo go outside.
Given that the BEHAVIOR modifications were the most frequently, we assessed whether a
specific content was more available in this macro-category. The Test of Proportions, 2 (1, N
= 42) = 0.38, p = .537 showed that participants chose with similar availability of rule
compliances and to go outside. In SITUATION macro-category 6 participants generated a
counterfactual about restrictions and 6 participants about the context.

Figure 4.4 shows in detail the percentages of each specific content of counterfactuals about

personal risk of covid infection.
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Figure 4.4 Personal risk of covid infection: Percentage of specific content according to condition

4.1.2.5 Daily life during pandemic: “my daily life in recent weeks would have been
better if only...”
Twelve thoughts were coded as invalid and excluded from the analysis. Compared to

the other thoughts generated, counterfactuals on daily life during the pandemic seem to be the
more difficult counterfactual to produce. The percentage of invalid counterfactuals is
exceptional and, in some ways, almost paradoxical, since daily life is the event over which
the participant exercises the greatest degree of control compared to the other counterfactuals
considered produced in this study.

First, we analyzed the distribution of counterfactual thoughts in the three macro-
categories BEHAVIOR, STATE, and SITUATION (Figure 4.5): the majority of the thoughts
produced by participants (about 90%) fell into the category SITUATION, about 8% in

STATE and about 2% in BEHAVIOR.
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Figure 4.5 Daily life during pandemic: Percentage of BEHAVIOR vs. SITUATION vs STATE thoughts

Given that the majority of participants chose SITUATION, we analyzed more in
detail only the content of this macro-category. As regard SITUATION macro-category, 28
participants generated a counterfactual about restrictions and 16 about context (Figure 4.6)
The Test of Proportions, ¥2 (1, N = 44) = 3.27, p = .070, did not shown a difference in the
availability at level of the specific categories, showing that the difference is only at macro-

categories levels.
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Figure 4.6 Daily life during the pandemic, SITUATION: Percentage of thoughts about context vs restriction
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4.1.2.6 Counterfactuals about the pandemic: future behaviors, risk perception,
satisfaction, and emotion
Compared to the control condition, in the counterfactual condition participant showed

mean differences in risk perception. In particular, in counterfactual condition, they claimed to
have less probability of being infected (3.26 vs 3.77, ¢ (137) =-2.19, p = .030, d = -0.37) and
had more necessity to get out (3.47 vs 2.67, t (138) =2.91, p =.004, d = 0.496). They thought
to know less about consequences of the infection (5.57 vs 6.08, ¢ (138) =-2.37,p=.019,d = -
0.40) but it is to be noted that in both conditions people think to know the consequences
(Likert scale 1 to 7). No differences were found in the other risk perception dimensions (s = -
1.11, ps =.267).

No difference was found between conditions on the other measures (zs = 1.46, ps
=.146).

Furthermore, we assessed if producing a type of counterfactual was related to other
measures of the study. We explored the possible relations between different types of
counterfactuals about the spread of infection and about personal risk of covid infection on
risk perception. Participants rated items on risk perception immediately after generating the
counterfactuals about the spread of infection and personal risk of covid infection.

To explore the relationship between type of thought generated and risk perception a
series of ANOVA were assessed using as a factor the macro-category chosen. Data showed
an effect between the type of counterfactual of the spread of infections on general risk (How
risky do you think it is for you to leave home at this time?) (F (2,58) = 3.29, p = .025),
probability (If you go out at this time, how likely do you think it is that you will be infected?)
(F(2,57)=3.61, p=.033) and severity (How serious do you think the consequences would be

if you were infected?) (F (2,58) = 5.94, p = .004) (Figure 4.7).
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Figure 4.7 Mean of risk perception (general risk, probability, and severity) and type of thought

Since that the 2/3 of counterfactual thoughts about the personal risk of covid infection
produced by participants were in the macro-category BEHAVIOR, we used the categories
rule compliances and to go outside to investigate the effects of counterfactual thoughts on
risk perception.

Participants who generated a counterfactual about to go outside (i.e., I had gone out
for any reason) evaluated had less control in the possibility of being infected (3.47 vs 4.82, t
(40) =2,72, p =.009, d = 0.84), to knew less what are the consequences (5.22 vs 6.37 t (40) =
2.97,p =.005,d = 0.92) , and evaluated less serious the consequences of being infected (4.74
vs 5.79 t (40) = 2.03, p =.049, d = 0.63) than those who generated a counterfactual about rule
compliances.

Finally, we assessed the relation between counterfactual about daily life during the
pandemic, emotion, and life satisfaction. The counterfactual about daily life during the
pandemic was generated immediately before emotion and life satisfaction items. Given that
the majority (90%) of the counterfactual thoughts about daily life produced by participants

were in the macro-category SITUATION, we used the categories restriction and context to
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investigate the effects of counterfactual thoughts on satisfaction of past and future weeks and
emotions. We explored possible differences between the type of thought about daily life
during the pandemic generated (context versus restrictions) on the satisfaction of past and
future weeks. Data showed that people generated counterfactuals focusing on context (i.e., ...
I had a garden) indicated more satisfaction in the past week (4.37 vs 3.32 t (42) =2.41,p
=.021, d = 0.75), and showed more positive emotions (3.24 vs 2.76 t (41) =2.48, p=.017,d

= (0.78) than those who generated a counterfactual about restrictions.

4.1.3 Discussion

The results of Study 3 about counterfactual thoughts during the Covid-19 pandemic
showed that participants generated counterfactuals focusing on a reduced number of contents
(see Byrne, 2005, 2016). Data revealed that daily counterfactuals showed a higher number of
invalid thoughts than the other counterfactuals. About 20% of the participants did not
generate a valid counterfactual about how the past week might have been better, during the
first lockdown. In some ways this result is paradoxical, since daily life is the event over
which the participants exercise the greatest degree of control compared to the other
counterfactuals produced in this study.

We then analyzed the content of the counterfactuals generated about three different
situations, one, the counterfactual about the spread of infection, was about the collective
experience and the other two, personal risk and daily life during the pandemic, were about
personal experiences. For this reason, we used three macro-categories (Population,
Management and Precondition) to study the counterfactual about the spread of infection and
three different macro-categories (Behavior, Situation and State) to evaluate the two episodical
counterfactuals. Data about the first counterfactual showed that the majority of participants
focused on the Management (63.93%), something that should have been implemented by

public health policy and the management during the Coronavirus pandemic. Regarding the
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other two counterfactuals, the thoughts produced were codified in the same macro-categories:
Behavior, Situation, and State. The majority of participants focused the content of their
counterfactuals about the personal risk of Covid infection on Behavior (about 70%), while
the macro-category Behavior was almost never chosen when participants generated a
counterfactual about daily life during the pandemic. On the contrary, when producing
counterfactuals about daily life during the pandemic, almost all the participants focused on
the macro-category Situation (90%), which was almost not chosen by participants when they
generated counterfactuals about the personal risk of Covid-19 infection.

Furthermore, data showed that participants who generated the three counterfactuals
perceived a high necessity to leave home and a low probability and less severity of the
consequences of being infected than the participants in control condition who completed only
the other measures. In line with Motta Zanin et al. (2020), counterfactuals about the spread of
infection during the pandemic were related to the perception of risk that played a significant
role in the adoption of safety actions, in people's feelings, and in their daily habits.

We also focused on the relationship between the macro-category chosen by
participants in the three counterfactuals generated and other measures of the study. Data
showed that the participants who undid the spread of infections and deaths by mentally
changing the behavior of the Population assessed that it was more likely to become infected
and more severe the consequences of becoming infected. Moreover, we found that
participants who generated counterfactuals about the personal risk of Covid-19 infection
focusing on going outside perceived that they had less control on the possibility of being
infected, believed they knew less about the consequences, and considered them less severe.

Finally, the data showed that participants who generated counterfactuals about daily
life during the pandemic focusing on restrictions, indicated less satisfaction in the past week

and showed fewer positive emotions.
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The event of Study 3 is based on a general crisis: exceptional, unusual, and rare.
Participants might be prone to produce a counterfactual influenced by the news of the day.
Furthermore, the counterfactual about daily life during the pandemic appeared difficult to
generate, increasing the number of invalid responses. Employing a different daily event, not
exceptional for participants, in Study 4 we aimed to further investigate episodical
counterfactuals about current daily life. Furthermore, given the difficulties to codify the
controllability for daily life counterfactuals, in Study 4 we explored the perceived
controllability of the antecedent rated by the participants. Finally, while this study
investigated the effects of counterfactual thinking compared with a control condition in which
people were not asked to produce counterfactual thought, the aim of Study 4 was to explore

the content of counterfactual thinking and compare it with causal thinking about the same

event: insomnia.
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4.2 Study 4: “If only I hadn't overthought at bedtime: Counterfactual thoughts
and counterfactual emotions related to insomnia”

Insomnia is the most prevalent sleep disorders wherein is a general subjective
dissatisfaction with the quality and quantity of sleep. The symptomatology of insomnia
relates to specific difficulties in sleep initiation, sleep maintenance, or nocturnal awakenings
and a range of daytime consequences for dissatisfaction with one's sleep (DSM-5, 2013).
According to the DSM-V (2013), 1/3 of adults have insomnia symptoms (with higher
prevalence among women, ratio 1.44:1) 10-15% diurnal impairment, and 6-10% meet the
criteria for diagnosis.

According to the cognitive approach to insomnia, cognitive activity at bedtime, also
termed “cognitive arousal”, represents a key impediment to falling asleep (Espie 2007;
Harvey 2002; Schmidt e Van der Linden, 2013). Rumination it is one of the more frequent
form of mental activity at bedtime. It is characterized by a dysfunctional and maladaptive
approach to thinking that is primarily concerned with one's own negative emotions and their
implications (Martino, Caselli, Ruggiero & Sassaroli, 2013). Persistent rumination interferes
with sleep quality (Guastella et al., 2007). Rumination may be associated with counterfactual
thinking (Spellman and Mandel; 1999), although counterfactual thinking need not involve the
repetition that is a fundamental characteristic of rumination (Sukhodolsky et al., 2001) and
has differences in the relation with affect, cognition, and motivation (Epstude & Roese 2008;
Nolen-Hoeksema et al., 2008).

Schmidt & Van der Linden, 2009 found an association were found between the
severity of insomnia and the frequency of regret. Schmidt & Van der Linden (2013)
compared the effects of three experimental conditions on sleep: regret (negative emotion
condition), pride (positive emotion condition), and description of a typical workday

(emotionally neutral condition). They found that in participants with habitually high levels of
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regret, experimental activation of regret before sleep significantly delayed sleep onset
compared to the neutral condition, regardless of pre-existing levels of insomnia severity and
trait anxiety. In another study, Schmidt et al. (2015) included healthcare professionals and
hypothesized that regret-management programs could be an effective strategy for reducing
sleep issues. Not only specifically regret, but in general, counterfactual thinking and negative
counterfactual-related emotions (regret, shame, and guilt) contribute to sleep disturbances.
The Bedtime Counterfactual Processing Questionnaire (BCPQ, Schmidt &Van der Linden;
2009) showed that counterfactual processing was related to insomnia severity. This
questionnaire examines counterfactuals by assessing the frequency of counterfactual thinking
and attendant feelings of regret, shame, and guilt during the pre-sleep period.

One aim of our study was to assess the frequency and impact of thoughts produced
during the pre-sleep period. We explored the frequency of various emotions and thoughts that
involve comparing reality with an imagined scenario at bedtime and the relationship between
this frequency with the gravity of insomnia and general emotions. In particular, we worked
on a list of thoughts regarding past and future internal (i.e., regret) and external (i.e.,
disappointment) second-order emotions and the frequency of past and future internal
(planning) and external (misfortune) general counterfactual thoughts. Differently from the
Bedtime Counterfactual Processing Questionnaire (Schmidt &Van der Linden; 2009), our
focus was on possible variation in the frequency of internal (regret and planning) and external
(misfortune and disappointment) thoughts and on thought temporal orientation (past and
future) when an individual cannot fall asleep or fall back to sleep. Research on emotions
suggested that people tend to think more about the future (Seligman et al. 2013). Future
thinking is based on experience, but it also necessitates a partial detachment from the past to
develop simulations of future occurrences (Schacter & Addis, 2007; Beaty et al. 2019).

Additionally, future occurrences are seen to be more favorable than previous events (e.g.,
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Berntsen & Bohn, 2010; Berntsen and Jacobsen, 2008; D'Argembeau & Van Der Linden,
2004; Newby-Clark & Ross, 2003; Rasmussen & Berntsen, 2013).

Moreover, we analyzed not only the frequency of regret thoughts in the bedtime phase

but also the relationship between bedtime thoughts and individual propensity to experience
regret, both experienced and anticipated regret, in daily life.
Since insomnia and anxiety sensitivity (e.g., Vincent and Walker, 2001) are also linked, we
assessed whether high-level anxiety shapes the content and the frequency of bedtime thoughts.
People who have clinical levels of anxiety frequently report having insomnia, and about 24%
of people with insomnia also have anxiety disorders (Ford & Kamerow, 1989). Chronic
insomnia can cause anxiety and negatively impact the quality of life and it is difficult to
predict how insomnia and anxiety will interact. Anxiety may be brought by insomnia and be
plagued by a persistent anxiety disorder that can make it difficult to fall asleep.

As we have seen, people who have difficulty falling asleep tend to produce thoughts,
ruminations, and experience counterfactual emotions such as regret. However, suffering from
insomnia is a negative personal experience that can itself become the target of counterfactual
thoughts:  trouble falling asleep or falling back to sleep can drive people to think
spontaneously “I/ would have fallen asleep/ fall back to sleep sooner if only...” (i.e., producing
counterfactual thinking). The principal aim of this study is to investigate counterfactual
thinking in real-life situations when people have trouble falling asleep/ or falling back to
sleep, and to compare the content of counterfactual evaluation in contrast to causal judgement
about antecedents of insomnia. Counterfactual and causal thinking are two intertwined forms
of thinking: counterfactual antecedents are causally connected to the outcome to be
eliminated; an event to be considered a cause has to be perceived as mutable. However, as
Mandel (2003, 2011) showed, contrary to causal explanations that favor an instance-based

view of effects (actuality principle), counterfactual explanations favor a category-based view
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(substitution principle). Substitution principals guide counterfactual evaluations and tend to
focus on ad hoc categories of outcomes in which the actual outcome is the norm for the
category (Mandel, 2003). A possibility is that counterfactuals eliminate enabling causes to
prevent an outcome while causal explanations often point to strong causes that covary with
the outcome (Byrne, 2005, 2016).

In comparing counterfactual and causal thinking we were also interested in assessing
whether the controllability of the causal antecedents of a given outcome plays different roles
in the two forms of thinking. However, as pointed out in chapter 2, in a real-life context of
insomnia, it was not always possible to determine if modified events were controllable or not.
For example, if a participant says, "I would have fallen asleep sooner if only I had stopped
thinking about tomorrow", does that mean he can really implement this behavior the next
night? Therefore, we decided to analyze the role of controllability by asking participants to
evaluate quantitatively the perceived controllability of the chosen antecedent, that is, how
much a participant believes he/she could control the chosen antecedent. In addition to judging
what we called if controllability, the participants were asked to rate the probability that they
would have slept better if the event identified by the counterfactual had occurred (then
controllability).

To summarize, in the following study we evaluate the content and the frequency of
counterfactual thinking in a real daily life negative situation, and in particular, we assessed (1)
the frequency of different types of thoughts and counterfactual emotions about past and
future and (2) the content of thoughts that people generated about the experience of having
trouble falling asleep/ or falling back to sleep, comparing counterfactual evaluation and
causal judgement.

We expected that counterfactual thinking, as an autonomous form of thinking, would differ

from causal thought. We also expected that future-oriented thoughts would be more frequent
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than past-oriented thoughts, and thoughts with an internal locus would be more frequent than

thoughts with an external locus during the pre-sleep period.

4.2.1 Method

4.2.1.1 Participants
One hundred fifty-seven participants (55 males; 98 females; 1 non-binary; 4 did not

report their gender; age: M= 31.33, SD=10.07) took part in the study. The sample consisted of
people who do not work night shifts, who at least 1-2 times a week have trouble falling
asleep/ or falling back to sleep, and who stay awake for at least 15-30 minutes when they
have trouble falling asleep/ or falling back to sleep.

About one-third of the participants were recruited through the Prolific platform, about
one-third were students recruited through the University of Trieste platform, and about one-
third of the participants were recruited through word of mouth. The adult sample size was
decided on using a power analysis assuming a medium effect size in a 2x3 chi-square test
(power =.80).

At the beginning of data collection, participants read the privacy policy in which they
were told that data collection was completely anonymous, and participation was voluntary.
The procedure was approved by the Ethics Committee of the University of Trieste (report

number 104).

4.2.1.2 Materials and procedure
The online survey was completed on the Qualtrics platform. Participants completed

screening questions regarding the frequency with which they had problems falling asleep or
falling back to sleep in the past two weeks (from 1 never to 5 always) and the sleep onset
latency on these occasions (from 1 five-ten minutes to 4 one hour or more). Participants who
worked night shifts were not included in the study.

Participants who had problems falling asleep or falling back asleep at least 1-2 times a
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week and stayed awake for at least 15-30 minutes participated in the study by completing the
online survey with questionnaires assessing the severity of their insomnia disorder (ISI:
Morin, 1993; 1-item PSQI: Buysse et al, 1989); counterfactual or causal thoughts about their
insomnia (between subjects); general regret (regret scale Schwartz et al 2002 and anticipated
regret scale); rate the frequency of a list of counterfactual thoughts and emotions; the
emotional arousal (VGAS: Monk, 1989; GAD-7: Spitzer et al, 2006, Lowe et al. 2008); and

socio-demographic questions (age, gender).

Insomnia severity index
We measured the levels of sleep impairment during the two weeks preceding the

study with the Italian version of the Insomnia Severity Index (M. Morin 1993, Morin et al.,
2011). The ISI comprises seven items that are rated on a 5-point Likert scale. Respondents
were asked to evaluate the severity of insomnia on a scale from 0 (no difficulty) to 4 (very
severe) during the last two weeks and in particular, difficulty falling asleep, difficulty staying
asleep and problems waking up too early. On a 5-point Likert scale ranging from 0 (not at all)
to 4 (extremely), participants rated their satisfaction with 1. current sleep patterns; 2.
interference with daytime functioning; 3. how noticeable their fatigue is to others 4. the level
of distress caused by sleep problems. Total scores ranged from 0 to 28, with higher scores
indicating higher perceived insomnia severity.

To complement the Insomnia Severity Index, Item Sh was used (During the past
month, how often have you had trouble sleeping because you had bad dreams?) of the Italian
version of the PSQI (Buysse et al. 1989). Answers to this item were given on a 4-point Likert

scale ranging from O (not during the past month) to 3 (three or more times a week).
Counterfactual evaluation and causal judgment

After completing the ISI and the PSQI item, participants thought back to the previous

week when they had difficulty falling asleep/falling back to sleep and were asked to complete
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a sentence. Participants were randomly assigned to a counterfactual or a causal condition
(between participants). Those in counterfactual condition completed the following sentence
“I would have fallen asleep / fallen back asleep sooner if ...” whereas the sentence “I had a
hard time falling asleep / fallen back asleep because ...” was completed by participants in the

causal condition. A space to complete the sentence was provided.

If controllability-then likelihood
The counterfactual or causal thought that had been generated was presented back to

the participant. Participants rated from 1 (a little) to 10 (a lof) their if controllability
(Counterfactual condition: How much do you think you can control the occurrence of what
you reported?; Causal condition: How much do you think you can control the occurrence of
the cause you reported?) and then likelihood (Counterfactual condition: If what you reported
had occurred, how likely do you think it is that you would have fallen asleep/dreamed
earlier?; Causal condition: If the cause you reported had not occurred, how likely do you

think it is that you would have fallen asleep/dreamed earlier?).

Bedtime thoughts and emotions
In the two pilot studies4 we identified some past and future-oriented thoughts

involving counterfactual emotions of regret, planning, disappointment, and misfortune.

In the present studies, the thoughts at Bedtime were preceded by the following
instruction: “We ask you to recall the thoughts that came to your mind before falling asleep
and in your nightly awakenings last week. Below are some thoughts that may have occurred

to you, for each one, indicate how frequently it occurred to you” (1 almost never, 5 very

4 Two pilot studies were conducted to develop and test the various measurement instruments.
In particular, the scale was developed to measure the propensity of experiencing anticipated
regret and to identify a list of different types of thoughts that people tend to produce when
falling asleep.
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often). Table 4.5 shows in detail the items about the 4 types of thought.

Table 4.5
Bedtime thoughts: items about the 4 types of thought, past and future.
Past Future
Internal
- I think of decisions made and/or - I think about how to change my
actions taken saying to myself "if future choices and behaviors
only I had decided/acted differently"
Regret - I think of decisions not made
and/or actions not taken telling
myself “If only I had decided/acted”
- I analyze in detail what I did - I think and rethink about decisions
Planning during the day or in the previous to be made and plan my future
days actions in detail
External
Disappointment - I think others could/should have I think that others could/should
behaved differently behave differently
Misfortune - I think that I was unlucky with the - 1 think that by bad luck things

way things turned out

could go wrong

Furthermore, participants rated the intensity of their emotional arousal when they
think at bedtime. Two items based on a bipolar scale were presented, preceded by the
following instruction: “You said that last week before you fell asleep, and in your nightly
awakenings, several thoughts came to your mind. When these thoughts crowd your mind, how
did you feel?” Participants rated their emotional arousal on two items based on a bipolar scale:
(1) from 1 very sorry to 10 very pleased and (2) from 1 very concerned to 10 very relieved.

The items were presented in random order.

Post-decisional and anticipated Regret
With the aim to test the general propensity to feel regret of our sample, participants

completed the subscale of Regret comprised in the Maximization Scale (Schwartz et al. 2002)
responding to five items using a 7-point, Likert-type scale (1 completely disagree, 7
completely agree). All items on that scale are about the regret we feel whenever someone

makes a choice.
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In the literature, there are no scales about regret that people feel before decision-making.
In two pilot studies5, a series of items on anticipated regret were tested on native Italian
speakers. Based on the items used in pilot studies the anticipated regret scale was developed
to assess the frequency of regret before making a decision. The new scale is composed of five
items using a 7-point, Likert scale (1 completely disagree, T completely agree). The items are
preceded by the following instruction: “Imagine that you are now faced with making an
average choice (e.g., choosing a vacation, buying an appliance). How much, each of the
following statements, would describe your thoughts and behaviors?”. The wording of the
seven items is as follows:

1. I think back on the decisions made in the past because I would be very bothered to
make a choice that has already produced an unsatisfactory outcome in the past.

2. I prefer to repeat a choice already made in the past because it would be annoying if I
changed and found out afterwards that it would have been better to make the usual
choice.

3. Tavoid changing my mind at the last moment because I would feel annoyed if I found
out later that I shouldn’t have changed.

4. 1If possible, I defer/avoid deciding because I fear I may find that I would have been
better off choosing otherwise.

5. I focus on the present without thinking that I might later regret the choice I made.

Vigor and Global Affect scale
Participants rated their sleepiness and mood with a visual analogue scale technique

5 Two pilot studies were conducted to develop and test the various measurement instruments.
In particular, a scale was developed to measure the propensity of experiencing anticipated
regret and to identify a list of different types of thoughts that people tend to produce when
falling asleep.
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(VGAS: Monk, T. H. 1989). Four items concerned global values of vigor (alertness,
sleepiness, motivation loss-effort, and weariness), and four items regarding the affective state
(happiness, sadness, calmness, and tension). In the original questionnaire, eight unipolar
scales were used, all from “very little” at the left end of the 10-cm line to “very much” at the
right end. We used the same extreme of the scale of the original questionnaire using a Likert

scale from 1 (very little) to 10 (very much) in line with the other questionnaires presented.

Generalized anxiety disorder questionnaire
The Generalized Anxiety Disorder (GAD-7) questionnaire (Spitzer et al, 2006) is a

seven-item, self-report anxiety questionnaire designed to assess the patient’s health status
during the previous 2 weeks. GAD-7 was validated in the general population by Lowe et al
(2008). Items include feeling nervous, anxious or on edge, not being able to stop or control
worrying, worrying too much, having trouble relaxing, being so restless that it is hard to sit
still, becoming easily annoyed or irritable, and feeling afraid. Scores of 0, 1, or 2 are given
for experiencing symptoms ‘not at all’, for ‘several days’, for ‘more than half the days’, and
for ‘nearly every day’, respectively. The scores are from 0 to 21. The cut-off point scores of 5

indicate mild anxiety, 10 moderate anxiety, and 15 severe anxiety.

4.2.2 Results

4.2.2.1 Preliminary analysis
Participants were randomly assigned to counterfactual (N = 85, 31 male; 50 female; 1

non-binary; 3 didn’t report the gender; age: M = 31.01, age range 18-55 years) or causal
conditions (N = 71, 24 male; 48 female; 3 did not report their gender; age: M = 31.68, age
range 19-59 years). We assessed possible differences between the two conditions in sleep
onset latency, frequency of difficulty falling asleep, and gravity of insomnia before producing
a counterfactual evaluation or causal judgement about their insomnia. No differences between

groups were found in sleep onset latency (¢ (155) = -0.38, p = .703, d = -0.06), frequency of
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difficulty falling asleep (¢ (155) = 0.91, p = 0.364, d = 0.14) and gravity of insomnia

(Insomnia severity index: ¢ (155) =-1.27, p =0.206, d = -0.20).6

4.2.2.2 Coding
In the open-ended question, participants generated different thoughts on their insomnia by

completing a counterfactual evaluation or causal judgment. We first identified valid
counterfactual and causal thoughts. 5 (3.18%) thoughts were classified as invalid (4 in the
counterfactual condition and 1 in the causal condition) and 1 thought was classified as
ambiguous. These 6 thoughts (invalid and ambiguous) were excluded in subsequent analyses.
Table 4.6 shows in detail the coding scheme for the valid thoughts. BEHAVIOR coded all the
elements referred to strategy to use and all thoughts regarding the participant's specific
actions during the pre-sleep period. SITUATION coded all the elements referred to physical
or personal context. Finally, STATE coded all the elements referring toa physical
state or emotional state. Furthermore, the emotional state was divided into
rumination, anxiety, and other emotions.

Two independent judges coded the responses of the 151 participants who produced valid
thoughts. Their agreement rate was 87 %, Cohen’s k 0.77, p < .001. Disagreements were

resolved by further discussion and the input of a fourth judge.

6 The other measurements were completed after the counterfactual or causal thought.
However, we assessed that the two groups did not differ in the level of anxiety, regret, vigor,
or affect (ts <-1.89, ps > .06).

97



Table 4.6

Examples of counterfactual and causal thoughts generated by participants are arranged according to the coding

scheme.

Counterfactuals Causal

I would have fallen asleep / I had a hard time falling asleep /
fallen back asleep sooner if  fallen back asleep because ...
only...

Strategy

BEHAVIOR Specific actions

- I hadn't used the telephone - I watched a TV series before

sleeping
- [ hadn't studied until late at - I woke up too late in the
night morning
- I had stopped thinking - I was thinking about work
about tomorrow duties

- I had not thought about
negative things that happened

to me
SITUATION - I had been alone at home - Noisy neighbors.
- There had been more - It was already light; it was
silence early morning
STATE Physical state - I had been more physically - I had heart palpitations
tired
Emotional state
- I had no thoughts - I have too many thoughts in
rumination my head
- I didn't have a full mind - My brain kept thinking
anxiety - I didn't have anxiety - I had anxiety
- I had no worries - I had worries
other emotions - I was quieter - [ felt tense
Invalid

- don't know - don't know

- ...no, I just don't know what
would have allowed me to
fall asleep earlier.

26.38% of participants in the causal condition and 10.58% in the counterfactual condition

produced more than one valid thought. In line with McEleney and Byrne's (2006) research,

which showed that when people consider an outcome, they spontaneously offer roughly twice
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as many causal explanations as counterfactual evaluations. Given that the majority of the
second thoughts (82,14%) was consistent with the score of the first one generated and that we
did not explicitly require participants to generate more than one thought, following a
procedure usually employed in previous studies (e.g., Kahneman & Tversky, 1982; Markman

et al., 1995), we focused only on the first valid thought that participants came up with.

4.2.2.3 Content of counterfactual/ causal thoughts
Table 4.7 shows in detail the percentage of thoughts for specific coding, according to

condition.
Table 4.7

Frequency and percentage of responses according to the coding scheme, condition, and age group among
participants who generated a valid counterfactual/ prefactual

Counterfactual Causal
N % N %

BEHAVIOR  strategy 20 24.69 3 4.29

specific action 9 11.11 1 1.43
SITUATION 12 14.81 3 4.29
STATE Physical State 5 6.17 15 21.43

Emotional State

rumination 14 17.28 22 31.43

anxiety 5 6.17 17 24.29

other emotions 16 19.75 9 12.86

Total 81 100.00 70 100.00

The test of Proportions, ¥*(6, N = 151) = 16.40, p = 0.012, assessed that the distribution of
counterfactual thoughts in the seven categories was not random. Counterfactual judgments
were mostly about strategies, other emotions, and rumination while thoughts about the
physical state and anxiety were rare.

Instead, causal thoughts were more on anxiety, rumination, and physical state, while causal
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judgments on thoughts such as specific action, strategies, or context were rare. In both
counterfactual evaluation and causal judgment, the category rumination was fairly chosen,
confirming the link between rumination and insomnia (Guastella et al., 2007).

We analyzed the percentage of thoughts generated in each subcategory of BEHAVIOR,
SITUATION, and STATE. We performed analyses for the three macro-categories comparing
the two conditions on the percentage of choices in each macro-category compared to the
other two compacted.

Among BEHAVIOR antecedents, the distribution in the categories differed between the
counterfactual and causal conditions (p < 0.001, Fisher’s Exaxt Test, FET).

Only a few participants generated thoughts about SITUATION. Almost no participants
(4.22%) generated causal judgments and only 14.81% counterfactual evaluations (e.g., |
would have fallen asleep earlier if there had been silence) about SITUATION (p < 0.053,
Fisher’s Exaxt Test, FET).

Considering in detail the macro-category STATE, the distribution in the categories differed
between the counterfactual and causal conditions, y*> (1, N=151) = 28.57, p <.001, Cramer’s
V= 0.43. Given that the majority of participants produced thoughts about the emotional state
we further examined whether participants in the two conditions focused more in detail on the
specific content thoughts of the thoughts in this category. Data showed a similar proportion
of rumination thoughts in two conditions. However, in counterfactual evaluation participants
produced thoughts on various emotions, while in causal judgment mainly on anxiety, > (3, N

=151)=18.05, p <.001, Cramer’s V' =0.35, see Figure 4.9.
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Figure 4.9 Percentage of emotional state responses

We analyzed whether the choice of antecedent (at the macro-category level) depended
on other personal characteristics (anxiety, regret) or the severity of insomnia. The choice of
antecedent did not depend on the severity of insomnia conditions, ¥ (1, N = 150) = 0.07, p
= .97, Cramer’s V = 0.02, or on other individual characteristics such as different levels of
anxiety, y? (1, N=148) =3.38, p = .185, Cramer’s V = 0.15, anticipated regret, x> (1, N = 149)
=0.01, p = .996, Cramer’s V = 0.15, or experienced regret, > (1, N = 150) = 0.76, p = .684,
Cramer’s V= 0.07.

Therefore, beyond the condition, individual differences of our sample in insomnia

gravity or individual characteristics did not affect the chosen antecedent.

4.2.2.4 If controllability and then likelihood in counterfactual/causal thoughts

We found that in the counterfactual condition participants perceived the controllability
of the antecedent (if controllability) as higher (4.61 vs 3,71 ¢ (151) =2.29, p =.023, d = 0,37)
than in the causal condition. No differences were shown between conditions on the then

likelihood (7,35 vs 7,36 ¢ (151) = 0.02, p = .980, d = 0,004).
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Given that in the counterfactual evaluation and causal judgement participants focused
on different antecedents of insomnia, we assessed the effect of the condition (counterfactual
versus causal) and macro-category of antecedent chosen (BEHAVIOR, SITUATION, and
STATE) on the if controllability using linear regression analysis. Results showed no effect of
condition (B = -0.232, SE = 0.417, t = -1.33, p = .186) but an effect of the category of the
antecedent chosen. In particular, if controllability was perceived as higher in participants who
generated thoughts about BEHAVIOR in comparison with participants who generated
SITUATION (B =-0.70, SE=0.71, =-2.35, p=.020), or STATE (B =-0.62, SE =0.50, t = -2.94,
p =.004). In the second block, we added the interaction between the category of antecedent
chosen and the effect of the condition. This second model did not fit the data better than the
first one (F (2,144) = 1,58, p = .209). The higher if controllability perceived is predicted by
the type of thoughts produced and not by the conditions. The mean difference between
counterfactual and causal conditions can be explained by the higher number of thoughts

about SITUATION in the counterfactual condition.

4.2.2.5 Bedtime thoughts: frequency and time-oriented
Before analyzing the frequency of Bedtimes thoughts, we checked that there were no

differences between the two conditions in the frequency of thoughts produced. In particular,
we ran 2 (condition: Counterfactual vs Causal) x 2 (Temporal orientation: past vs future) x 2
(Type of thoughts: regret, planning, disappointment, and misfortune) mixed ANOVA with
the first factor as between participants factor and temporal orientation and type of thoughts as
within participants factors. Results showed no main effect of the condition (£ (1, 149) =1.97
p < .162) nor interactions between the condition and the other factors (Fs = 1.96, ps = .118).
Therefore, we did not further consider conditions in the following analysis.

Figure 4.11 shows that internal thoughts (regret and planning) were more frequent.

Participants indicated future thoughts as more frequent than past thoughts. Only
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disappointment was a little more frequent in the past rather than in the future.
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Figure 1.10 frequency of types of thought (regret, planning, disappointment, and misfortune) and temporal
orientation (past vs future thoughts) during the pre-sleep period.

In order to explore the temporal orientation (past, future) and the type of thought
(regret, planning, disappointment, misfortune) effects, we conducted a repeated measures
ANOVA. ANOVA showed a main effect of the temporal orientation (¥ (1,150) = 22.24, p
<.001, n?p = .13) and of the type of thought (F (3,450) = 50.43, p <.001, n?*p = .25), and the
significant interaction between factors (£ (3, 450) = 12.85, p <.001, n?*p = .08).

We further checked whether the type of counterfactual or causal thought generated
(specific thoughts, rumination, anxiety, and other thoughts) by participants completing the
open-ended question impacted the frequency of Bedtime with a different type of thought and
temporal orientation. Data showed no effect of the type of counterfactual or causal thought
generated (specific thoughts, rumination, anxiety, and other thoughts) (F (3,146) = 1.08, p
=.360, n*p = .02) nor interactions between type of thought and the other factors (Fs = 1.04,
ps = .403).

The nine item scores were averaged into a single index indicating the frequency of
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thoughts at Bedtime (Cronbach’s o = 0.76).

4.2.2.6 The effect of anxiety, insomnia, and general regret on bedtime thoughts

Since anticipated regret was a purpose-built measure, we checked whether it was
possible to combine the item using a single index of anticipated regret, with a principal
component analysis. Results indicated that responses to this questionnaire were best reflected
by a single-factor solution accounting for 42.12% of the variance. The factor loadings ranged
from .58 (Item 5) to .69 (Item 1) (Cronbach’s alpha of .65).

Table 4.8 shows the mean score and standard deviation of the frequency of sleep
problems, sleep onset latency, and frequency of dreams (1 item PSQI); mean scores, standard

deviations, and Cronbach’s alpha coefficients of other validated questionnaires.

Table 4.8
Mean number, standard deviation and Cronbach's a of various questionnaires and items.
Mean (SD) Cronbach's o
Frequency of sleep problems (1-5) 3.77 (0.70)
Sleep onset latency (1-4) 2.98 (0.72)
Dreams (0-3) 1.12 (0.97)
Insomnia gravity (0-4) 1.90 (0.65) .76
Vigor (1-10) 6.63 (1.45) .70
Affect (1-10) 6.556 (1.47) .66
Experienced regret (1-7) 4.555 (1.43) .85
Anxiety (0-3) 1.691 (0.68) .86

To explore the associations between the frequency of bedtime thoughts and other
questionnaire-based scores, we computed Pearson correlations. Pearson correlations between
the frequency of bedtime thoughts and all the measurements (frequency of difficulty falling
asleep, sleep onset latency, ISI, PSQI, Vigor, Affect, Regret Scale, Anticipated regret scale,

and GAD-7) are presented in Table 4.9.
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Table 4.9

Correlations among Mean frequency of thought at bedtime and frequency of sleep problems sleep onset latency,
PSQI (dreams), Mean ISI, Mean Vigor, Mean Affect, Mean Experienced regret (regret scale), Mean anxiety
(GAD-7), Mean anticipated regret (N = 157).

Bedtime

Frequency of sleep problems 0.05

Sleep onset latency 0.03

Dreams 0.07

Insomnia gravity 0.29 ™
Vigor 0.32 ™
Affect 0.40 ™
Experienced regret 0.59 ™
Anxiety 0.46 ™"
Anticipated regret 0.41 ™

*p <.05, **p <.01, ***p <.001

Data showed no correlation between the frequency of thoughts at Bedtime and the frequency
of difficulty falling asleep (r = .05, p = .543) as well as sleep onset latency (r = .03, p =.722)
and PSQI (= .07, p = .415). The frequency of Bedtime thoughts is significantly linked to the
severity of insomnia (IS]) (r = .29., p <.001), Vigor (r = .32, p <.001), Affect (r = .40, p
<.001), Regret Scale (r = .59, p <.001), Anticipated regret scale (r=.41, p<.001), GAD-7 (r
=.46, p <.001).

We tested hierarchical regression models to analyze the relationship between bedtime
thoughts and the other variables. We first verified the effect of demographic measures in a
first block, regressing the bedtime thoughts on age and gender. Next, in order to assess
whether the general emotional measures and measures related to insomnia scores predicted
the frequency of thoughts at bedtime, controlling for demographic characteristics, we added
anxiety (GAD-7), regret (anticipated regret scale and regret scale), Insomnia Severity Index,
and the two subscales of VGAS (vigor and affect) in the second block.

In the first block, gender and age were not significant predictors (gender: = 0.16, SE =0.12,

105



t=0.97, p =.334; age: B = - 0.14, SE = 0.005, ¢ = - 1.70, p = .091). In the second block,
experienced regret along with Affect score predicted the frequency of bedtime thoughts
(experienced regret: B = 0.48, SE = 0.04, t = 6.05, p < .001; Affect: B =0.18, SE=0.04, t =
2.30, p = .023) while anxiety, Vigor and anticipated regret failed to predict the frequency of
thoughts at bedtime (anxiety: B =0.13, SE = 0.09, ¢t = 1.57, p = .118, Vigor:  =0.11, SE =
0.04, t=1.44, p = .151, anticipated regret: B =0.05, SE = 0.05, t = 0.63, p = .524). The gravity
of insomnia was not a significant predictor (B =0.02, SE = 0.09, ¢t = 0.27, p = .785). This
model fit the data better than the first model (F (6,143) = 22.80, p < .001, R’= .47). The
higher the experienced regret and affect score, the higher the probability to produce more

frequent bedtime thoughts.

4.3 Discussion

In line with Study 3, the results of Study 4 showed that participants generated
counterfactuals focusing on a reduced number of modifications (see Byrne, 2005, 2016).

As in Study 3, we used three macro-categories that would fit the content of the
thoughts produced in a real daily situation: Behavior, Situation, and State. Data showed that
about half of the episodic counterfactuals focused on State (49.39%), about 1/3 on Behavior
(35.80%), and only a few participants on Situation (14.81%).

With regard to the aim of comparing the content of counterfactual evaluation to causal
judgment (I had a hard time falling asleep / falling back asleep because...), the results showed
that people engaging in causal judgment focused on a different antecedent when reasoning
about their difficulties falling asleep or falling back asleep. Both in the counterfactual and
causal condition, the macro-category least chosen was Situation and the most chosen was
State. However, data showed that with respect to causal judgement, producing a
counterfactual increased the probability of focusing on thoughts with elements with

controllable features such as strategy (e.g., Not looking at the mobile phone) or specific
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thoughts (e.g., stop thinking about tomorrow) and causal judgment increased the probability
of focusing on repetitive thoughts and overthinking (e.g., constantly thinking). This
difference is coherent with the result found in if controllability ratings: those who generated
counterfactual judgment perceived the antecedent chosen as more controllable.

Another element that emerges from the coding of counterfactual thoughts and causal
judgments is that participants attribute thinking activity to playing an important role in
difficulty falling asleep: about 1/3 of the participants in both conditions focused on
rumination or “think as act” (specific thought).

The results showed that thought activity is frequent. In particular, future thoughts are

more frequent (mean=3.15) than past thoughts (mean=2.86), and thoughts about regret and
planning (mean=3.46) are more frequent than those about disappointment and misfortune
(mean=2.55).
Regarding the higher frequency of future thoughts, the results are in line with research that
suggested that people tend to think more about the future (Seligman et al. 2013). Future
thinking relies on experience (Schacter & Addis, 2007) but also requires a partial separation
from the past to construct simulations of future events (Beaty et al. 2019). Furthermore,
future events are seen as more positive than past events (e.g., Berntsen & Bohn, 2010;
Berntsen & Jacobsen, 2008; D’Argembeau & Van Der Linden, 2004; Newby-Clark & Ross,
2003; Rasmussen & Berntsen, 2013).

Finally, we found that the frequency of thoughts at bedtime does not correlate with the
frequency of sleep problems and sleep onset latency but correlates with the gravity of
insomnia. However, when we put the gravity of insomnia and emotional variables in the same
model, only high levels of experienced regret and negative emotions (Affect) but not the

gravity of insomnia predicted the frequency of bedtime thoughts.
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CHAPTER S

A COMPARISON BETWEEN COUNTERFACTUAL, PREFACTUAL, AND
CAUSAL THINKING IN A LABORATORY TASK ABOUT A DAILY LIFE
EXPERIENCE

5. Study 5

I washed some white clothes in the washing machine. The cycle ended and all my clothes
were pink. Evidently the red glove I thought I had lost was in the washing machine. In this
situation, I might think, "If only I had checked, I would still have had my favorite white
shirt!" I might think that this episode will not happen again "if only I am more careful next
time!" or [ might think that it will happened "because I forgot to take out the red gloves".
When our expectations are disconfirmed, we can generate different thoughts: counterfactual
thoughts about "what could have gone differently" ("If only I had checked"); prefactual
thoughts about "how it will go better in the future" ("if only I will be more careful next
time!"); or causal thoughts about "why things went this way" ("because I forgot to take out
the red glove.").

In this last experiment of this thesis, the main aim is to analyze counterfactual
thinking by comparing it with the other two forms of thinking previously considered in two
of the previous experiments: prefactual thinking (Study 1, Chapter 3) and causal thinking
(Study 4, Chapter 4). In Chapter 3 we investigate for the first time the content of children’s
counterfactual thoughts about their own experiences, and we compare counterfactual and
prefactual thoughts: We found that children showed the same temporal asymmetry previously
found in adults: they focused on the uncontrollable external features of their experience more
in counterfactual thinking than in prefactual (see also Ferrante et al, 2013; Frosch 2015,
Mercier et al., 2017). In Chapter 4 we investigate the content of counterfactual thinking in

daily life and we compare counterfactual and causal judgment. Study 4 revealed that causal
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judgments and counterfactual thoughts regarding the same event tended to focus on different
antecedents. Almost all of the causal judgments focused on uncontrollable internal events
while only half of the counterfactual thoughts modified the same type of events. Nevertheless,
we cannot overlook the fact that in the four experiments reported in this thesis, the
counterfactual thoughts modified categories of events that varied considerably depending on
the particular type of outcome that participants had to undo. As an example, we can compare
90% of modifications of events that belonged to the macro-category Situation in the
counterfactuals about daily life in the period of the Covid-19 pandemic with 15% of
modifications of events belonging to the same macro-category in the counterfactuals on
difficulty falling asleep.

In this last study we decided to compare counterfactual, prefactual and causal thinking
with respect to the same kind of experience. Moreover, we set out to investigate
counterfactual thinking by attempting to integrate the salience of everyday experience with
the greater level of control provided by laboratory studies. The idea was to incorporate an
everyday experience as a task, but which occurred just before the time when participants
were asked to produce thoughts, and which took place in a well-defined pattern that was held
constants for all participants. This also made it possible to avoid possible ambiguities
introduced by recollection processes.

The opportunity for a laboratory experiment about daily life was given to us by a
larger study on olfactory experience that involved two identification tasks (free naming and
forced multiple choice) on a range of aromas and required filling out a questionnaire about
experience, attitudes, and individual variables.

The difficulty in naming odors (Stevenson et al., 2007) is a well-known phenomenon.
Participants with normal olfaction usually have no trouble connecting an odor to an

autobiographical recollection, but it can be challenging to name common odors when there
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are no other cues (e.g., Cain, 1979; Desor & Beauchamp, 1974; Lawless & Engen, 1977). In
this study we expected people to produce mostly thoughts about their olfactory ability, the
characteristics of aromas, and the way the task is presented.

We aimed to analyze and compare the content of counterfactual, prefactual, and

causal thoughts in terms of macro categories (Behavior, Situation, State), controllability
(controllable versus uncontrollable), and locus (internal versus external).
Since we used a difficult task, we expected that the majority of participants would focus on
uncontrollable elements. In particular, regarding counterfactual thinking, we expected more
Situation than State thoughts because previous studies have, in general, found few
counterfactual thoughts about ability. As for prefactual, we knew that there would be a
temporal asymmetry in terms of controllability, but we did not know whether counterfactual
and prefactual thoughts differed in the type of uncontrollable modification produced.
Regarding causal judgements, in line with the result of our study on insomnia, we expected
that events in the State macro-category would be the ones most likely to be listed as causes.

Finally, given that measures of personality that were to be collected for the project, a
further aim was to assess whether the content of counterfactual, prefactual, and causal
thinking were related to individual personality differences. Since we were working on a
laboratory task regarding everyday experiences, we thought that more elements about
personality may emerge. Recently Bacon et al. (2020) investigated the association between
levels of spontaneous CFT and PFT recorded in a fictitious diary entry and the Big Five
personality characteristics. According to the findings, PFT was associated with high
extraversion and low neuroticism, whereas CFT was associated with high neuroticism and
low agreeableness. Fortunato and Farray (2009) also found a relationship between openness

and future thinking.
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5.1 Method

5.1.1 Participants
One hundred and twelve participants (44 males and 66 females, ages: 42.05 M, 15.45

SD) took part in the study. The data were collected as part of a larger project aimed to study
the complexity of aroma recognition experience. During the collection of data for the project,
participants took part in the present study. The participants were from different
socioeconomic backgrounds and different neighborhoods of medium-sized cities in northern
and southern Italy. The sample size was decided using a power analysis assuming a medium
effect size in a 2x2 chi-square test (power =.80) and considering that we did not expect
invalid thoughts (based on previous studies).

The procedure was approved by the Ethics Committee of the University of Trieste
(Report number 116). The collected data were processed in compliance with privacy
regulations and in accordance with European Union Regulation 679/2016. At the end of the

experiment, participants were briefed on the purpose, hypotheses, and method of the research

(debriefing).

5.1.2 Materials and procedure
Participants were tested individually in a quiet rooms. We collected data individually

in a single session of 40-60 minutes.

The thirteen aromas used for the experiment were contained in small bottles with 2.5 ml
of olfactory essence. The bottles were equipped with a bore reducer to make it more difficult
to accidentally spill the liquid and avoid dispersion into the environment. We selected
aromas from previous studies (see also Ganjaei 2018) and chose various levels of familiarity

and difficulties. The 13 aromas were divided into 8 categories:
herbs (mint, sage);
spices (cinnamon, cloves);

flowers (rose);
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- vegetables (bell pepper);

- white fruit (peach, apple);

- Dberries (strawberry, raspberry, blackberry);
- sweet (caramel);

- other (leather).

The experimenter put a few drops of each aroma on a perfume test paper. Participants
smelled each of these aromas in random order: a number was associated with each aroma;
participants received a random sequence of the numbers 1 to 13 generated by Qualtrics,
which they communicated to the experimenter, one number at time, and then received the
perfume test paper with the aroma corresponding to the number. Participants were free to
smell the aromas as many times as needed to give their answers.

For each aroma, the participants completed items on intensity, pleasantness,
familiarity, category (e.g., flowers, fruit, sweets...), memories, and intensity of associated
positive or negative emotions. In addition, they completed two aroma identification tasks:
free naming and forced multiple choice (list with seven distractors).

Right after completing the aroma task, participants evaluated the difficulty of the task
on a 7-point scale from 1 (not at all easy) to 7 (very easy).

Participants were randomly assigned to the counterfactual (n = 38), prefactual (n =31),
or causal (n = 43) conditions. In the counterfactual condition they were asked to complete the
sentence "I would have had less difficulty recognizing the aromas if only...", in the prefactual
condition, they were asked to complete the sentence "If I repeat the task, I will have less

difficulty recognizing the aromas if only..." and in the causal condition they were asked to
complete the sentence "I think I had difficulty recognizing the aromas because...". A space
was provided to complete the sentence. Participants filled out general questions on gender,

age, occupation, educational qualification, and various measures. Here we report only the

measures relevant to this study.
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About half of the participants received feedback on their accuracy in the identification task
before completing the open-ended sentence, and about half immediately afterward.
Participants then completed in random order some adjectives selected from the Big
Five Marker Scales (BFMS, Perugini & Di Blas, 2002), indicating the degree of self-
descriptiveness from 1 (totally inappropriate for me) to 7 (totally appropriate for me) of each
of the 30 personality attributes of the five dimensions of extraversion, emotional stability,
agreeableness, creativity, conscientiousness. Regarding the dimensions, about half of the
adjectives were positive attribution (e.g., extrovert), and about half were negative attribution

(e.g., reserved).

5.2 Results

5.2.2 Coding
Table 5.1 shows in detail the coding scheme. In the open-ended question, participants

generated a counterfactual, prefactual, or causal thought.

We first identified valid counterfactual, prefactual and causal thoughts. Valid
counterfactual, prefactual, and causal thoughts produced by the participants were coded
according to content: BEHAVIOR, STATE, and SITUATION.

BEHAVIOR coded all the elements which referred to the action or inaction that
participants potentially could control in order to have less difficulty. SITUATION coded all
the elements which referred to rules, aroma characteristics, or context. Finally, STATE
coded all the elements referring to abilities and physical state. In this study, thoughts
assigned to the macro category BEHAVIOR were controllable with an internal locus, in the
macro category SITUATION there were uncontrollable thoughts with an external locus and,
finally, in the macro category STATE thoughts were uncontrollable with an internal locus.

Three independent judges coded the responses. Their agreement rate was 92 %,

Cohen's k 0.89, p <.001. Disagreements were resolved by further discussion and the input of
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a fourth judge.

Table 5.1
Examples of counterfactual, prefactual, and causal thoughts generated by participants arranged according to the
coding scheme.

Counterfactuals Prefactual Causal
I'would have had less  If I repeat the task, I will I think I had difficulty
difficulty recognizing the have less difficulty recognizing the aromas
aromas if only... recognizing the aromas if because...

only...

BEHAVIOR (Controllable, internal)

- I were more trained - [ will train - I'm not trained

SITUATION (Incontrollable, external)

Rules - I shouldn't have given an- I know beforehand the - the task is not easy
open answer category to which they
belong
Aroma - if some of the aromas - were more intense - perhaps too intense

characteristics had been more intense

Context - I was in an open place - because I wore a strong
perfume
STATE (Incontrollable, internal)
Physical state -1 had a finer sense of - I had the most - I don't have a good sense
smell developed sense of smell of smell
Ability - I hadn’t had Covid-19 - Because I have a stuffed-
up nose
Invalid - I had known them all - surely - I had quite a hard time
recognizing them, but I
enjoyed it

5.2.3 Valid counterfactual/prefactual/causal thoughts
Table 5.2 shows in detail the descriptive statistics in accordance with our thought

validity coding scheme. Only 6.25% of the participants answered the open-ended question
with more than one thought. In line with the standard technique used in other research (e.g.,
Kahneman & Tversky, 1982; Markman et al., 1995), we only analyzed the first thought
produced by participants. Data showed that about 23% of prefactuals were invalid, while only

about 5% were invalid in the counterfactual condition and 9% in casual condition.
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Table 5.2

Frequency and percentage of responses according to the thought validity coding scheme and condition.

Counterfactual Prefactual Causal
N % N % N %
Valid 36 94.74 24 77.42 39 90.70
Invalid 2 5.26 7 22.58 4 9,31
38 100.0 31 100.0 43 100.0

5.2.4 Content of counterfactual/prefactual/causal thoughts
First, we calculated the percentages of valid thoughts for each macro-category

(BEHAVIOR, SITUATION, and STATE). In the counterfactual condition about 14% of
counterfactuals fell into the BEHAVIOR category, about 64% in SITUATION, and about
22% in STATE. In the prefactual condition, most of the thoughts produced by the participants
(about 87%) fell into the SITUATION category, about 5% in STATE, and about 8% in
BEHAVIOR. In causal judgments were 17% about BEHAVIOR and 41% about
SITUATION and 41% about STATE (Figure 5.1). As we hypothesized in the introduction,
by analyzing the characteristics of the task, only a few participants focused on controllable
elements (14.14%).

The macro-category SITUATION was chosen by almost all the participants in the prefactual
condition and was frequently chosen in the other two conditions. We analyzed the three
conditions on thoughts generated in the SITUATION subcategory. We performed analyses
comparing the three conditions on the percentage of the choices of the SITUATION macro-
category compared the other two categories added together. Among SITUATION
antecedents, the distribution in the categories differed between the counterfactual and causal

conditions, ¥2 (1, N=99)=13.70., p <.001, Cramer's V = .37.
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Figure 5.1. Percentage of BEHAVIOR vs. SITUATION vs. STATE thoughts according to condition

In the prefactual condition we had a large number of invalid thoughts, and the majority of
valid thoughts were in the SITUATION macro-category. We only analyzed more in detail the
distribution of counterfactuals and causal thoughts in the macro-categories. Data showed no
difference between the counterfactual and causal conditions, 2 (2, N = 75) = 4.14, p = .126,
Cramer's V = .23. In Figure 5.1 we can observe similar percentages of chosen antecedents in
the BEHAVIOR category in the counterfactual and causal conditions but different
percentages between SITUATION and STATE with higher percentages of STATE thoughts
in the causal condition. While counterfactual thinking focused more on SITUATION, causal
thinking focused in 50% of cases on SITUATION and 50% on STATE.

The differences between counterfactual and causal thoughts become more evident when
considering specific thoughts of the SITUATION and STATE macro-categories. As regards
the specific content of the macro-category SITUATION, 36,11% of counterfactual thoughts
were about the rules of the game, while the rules were almost unchosen in the causal
condition (5,13%) and chosen by more than half of the participants in the prefactual condition

(62,50%). Finally, in the STATE macro-category, ability was chosen by 33,3% of
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participants in the causal condition while was almost unchosen in the other two conditions
(PFT=4,17%, CFT=11,11%). Figure 5.2 shows in detail the percentage of thoughts for

specific coding according to condition.

100%
90%
80%
70%
60%
50%
40%
30%
20%

o L B N N
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Rules Aroma Context Physical state Ability
characteristics

BEHAVIOR SITUATION STATE

B CFT ®mPFT © Causal

Figure 5.2. Percentage of specific content according to condition (CFT, PFT, Causal)

5.2.5 The effect of performance, performance evaluation, and personality
Prefactual thoughts were in part invalid thoughts, and the valid thoughts focused in

more than 87,5% of cases on the rules of the game and aroma characteristics. In the
counterfactual condition the events rules of the game and context were modified by about
half of the participants. Compared to the counterfactual condition, the larger proportion of the
participants in the causal condition generated uncontrollable internal thoughts focusing on
their abilities or physical state and less on the rules and context. To rule out the possibility
that participants focused on different categories due to other reasons, such as the performance
or personal characteristics of participants, we first tested differences between conditions and
then between the type of thought more frequently chosen (STATE versus SITUATION) on
performance, performance evaluation, and personality.

We first assessed the three groups (counterfactual, prefactual and causal) on intensity,

(F=1(2,109) = 0.28, p=.752, n?*p =.01), pleasantness (F = (2,109) = 0.18, p=.833, n?%p =.01),
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familiarity (F = (2,109) = 0.16, p = .884, n?p =.01), and memories (¥ = (2,109) = 0.71, p
=.493, n?p = .01) variables. Data showed no differences between conditions on performance
evaluation (F' = (2,109) = 1.97, p = 143, n*p = .04). No difference was found between
conditions and performance nor on free naming (¥ (2,109) = .04, p = .963, n’p =0.001) and
forced multiple choice (list with seven distractors, F (2,109) = 0.25, p = .775, n?p =.004).
Finally, no difference was found between conditions and personality dimensions of
extraversion, emotional, agreeableness, creativity, and conscientiousness (Fs (2,108) = .80,
ps=.451).
Regardless of condition, we assessed the differences in valid types of antecedents, and
particularly for SITUATION versus STATE, which were the most frequently chosen, on
personality dimensions. Results showed that participants who generated uncontrollable
external thoughts (SITUATION) reported higher levels of neuroticism compared with those
who produced uncontrollable internal (STATE), 4.17 vs 3.83 t (85) =2.47, p =.016, d = 0.59,
whereas no difference was found for other personality dimensions (s <-0.50, ps > .616).
Using logistic regression we tested whether the generation of uncontrollable internal
versus external might be predicted by the dimension of neuroticism and whether the
difference between conditions would disappear after controlling for this variable. In particular,
we controlled in the first block for age and gender; in the second block we included the
neuroticism dimension; in the third block the conditions (counterfactuals, prefactuals, and
control) and in the last block the interaction between levels of neuroticism and condition. In
the first block, gender and age were not significant predictors (gender: B =-0.08, SE = 0.50, z
=-0.16, p = .868, OR = 0.918; age: B = 0.005, SE = 0.01, z=0.34, p =.733, OR = 1.005). In
the second block, neuroticism predicted the type of thought (B =-0.87, SE = 0.33, z = -2.60, p
=.009, OR = 0.416, differences between model: ¥2(1) = 7.74, p = .005, R?,=0.12). These

results showed that participants with a higher level of neuroticism were more likely to
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generate uncontrollable external (SITUATION) thoughts.

5.3 Discussion

As expected, the results of Study 5 showed that the category Behavior was chosen
only by 14.14% of participants who generated valid thoughts. The high percentage of invalid
thoughts in the prefactual condition showed that the limited availability of valid controllable
antecedents (macro-category Behavior) is problematic especially for those who generated
prefactual thoughts.

Counterfactual and prefactual thoughts modify more events in the macro-category
Situation (Counterfactual: 63.89%; Prefactual: 87.50%) while causal thoughts focused
equally on Situation and State. In this study, as in Study 4, participants in the causal condition
produced more thoughts regarding State than in the counterfactual condition. Only about 22%
of participants in the counterfactual condition focused on the macro-category State, while
about 41% of participants in the causal condition focused on this same macro-category.

The differences between counterfactual and causal thoughts become more evident when
considering specific thoughts: about 67% of the antecedents chosen focused on aroma
characteristics and participants’ ability, while events in the same categories were modified in
only about 22% of the counterfactuals. On the other hand, the events rules of the game and
context were modified by about half of the participants in the counterfactual condition and
were considered to be the cause of the poor performance by 8% of the participants.

The results show no differences between the two conditions for performance, perceived task
characteristics and participant characteristics.

Finally, data showed that the type of thought produced (State vs Situation) was
predicted by the dimension of neuroticism. Previous studies (Bacon et al., 2020) have found
that prefactual thinking is associated with high extraversion and low neuroticism, whereas

counterfactual thinking is associated with high neuroticism and low agreeableness. Our

119



results seem to confirm that the type of counterfactual produced was associated with

neuroticism.
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CHAPTER 6
GENERAL SUMMARY AND CONCLUSIONS

General summary of findings
In this thesis we presented five experiments that examined counterfactual thinking

from its development in childhood (Chapter 3) to adulthood (Chapters 4 and 5). Existing
experimental paradigms were adapted and developed with flexibility and innovativeness in
the use of tools. We examined the content of thoughts generated about laboratory tasks,
current events, and a task in which the salience of everyday experience was important.
Furthermore, we compared the content of counterfactuals with other types of thoughts (i.e.,
prefactual and causal), and we examined the relationship with other variables (e.g., emotions,
performance, ability, etc.).

In particular, in Chapter 3, two studies investigated for the first time the content of children’s
counterfactual thoughts about their own experiences in a laboratory task. Results showed that
about 80% of children aged 8-13 were able to produce valid counterfactuals regarding an
event that had happened to them, despite not achieving an adult-level ability. In addition,
comparing counterfactual and prefactual thinking, children showed the same temporal
asymmetry previously found in adults: They focused on the controllable features of their
experience more in prefactual than counterfactual thinking.

The results of the two studies in Chapter 4 showed that the proportions of thoughts in the
three macro-categories (Behavior, Situation and State) of events were shaped by the
characteristics of the outcome to be undone. Furthermore, causal judgments and
counterfactual thoughts regarding the same experience tended to focus on different
antecedents and, in particular, the antecedents modified in counterfactual thoughts were on
average rated by participants as more controllable than the antecedents they used to explain

the same experience.
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In Chapter 5 we investigated counterfactuals in a laboratory experiment on daily life. The
main aim of this study was to analyze counterfactual thinking by comparing it with the other
two forms of thinking: prefactual and causal thinking. In this experiment, about 20% of
participants in the prefactual condition produced an invalid thought. Furthermore, the results
showed that counterfactual thoughts were different from causal thinking because, in line with
what occurred in Experiment 4, in the causal condition the participants focused more on

physical and emotional states.

Key elements of findings and theorical perspective

From the results of these studies, it appears that there are three main elements to focus on: 1)
children's difficulty in mentally undoing the outcomes of certain experiences as evidenced by
the occasionally high percentages of invalid thoughts; 2) the high variability of the type of
events that are changed as the event characteristics change; 3) the differences between
counterfactual, prefactual, and causal thinking that suggest possible reflections on the
characteristics of counterfactual thoughts.

In the first 2 experiments, the data showed that about 20% of children failed to
produce a valid thought, whereas only 5% of adults did the same. Results showed that the
children who did not produce valid thoughts were the worst performers and not the youngest
performers. It is possible that, on one hand, low cognitive skills impair comprehension of the
counterfactual instructions or, on the other hand, that the complex causal structure of the
representation of a just-experienced event required a higher level of cognitive skills than
those required in simpler tasks used in other studies with children (see Nyhout & Ganea,
2019). From a theoretical point of view, this thesis makes a significant contribution to
understanding the factors that influence the wvalidity, functions, and characteristics of

counterfactual reasoning. The research on the age of acquisition of counterfactual thinking

122



(i.e., the production of valid counterfactuals) is extended to more complex situations in which
children reflect on their experiences by adding new insights to existing knowledge. The
validity of the antecedent is related to the ability in the task.

The various studies showed that as the outcome to be eliminated varied, the macro-categories
chosen varied considerably. The event on which participants reason in the experiments of this
thesis appears a priori more (e.g., for adults the task in Study 2) or less (e.g., Study 3) under
their control: for some events, it is easier and more useful to generate counterfactual thoughts
that can turn into future actions and change the outcome; for other events (e.g., aromas)
modifying behavior/controllable actions may not change the outcome and it appears more
useful to change uncontrollable modifications (e.g., rules of the game), focusing on elements
not under our control. It would seem that contrary to what functional theory assumes,
counterfactual thinking does not respond to a specific goal, but rather seems to be a tool
through which we understand situations, the relationships between events. A possibility is
that counterfactual thinking has a sensemaking function (Bogani et al. 2022). Counterfactual
reasoning can help us create a more accurate and organized representation of the world
around us and of ourselves as the agents interacting with it, even though this knowledge is
not necessarily applicable in future similar events. The choice of the element on which to
focus the counterfactuals would be based mainly on which elements can be more mutable and
can have an impact on the counterfactual outcome (Bogani et al. 2022). Considering
sensemaking to be the main function of counterfactual thoughts, it could explain the different
probability of focusing on controllable modification using different tasks. Supporting this
hypothesis, the results of Study 5 showed that when people could not produce controllable
thoughts, the counterfactual provided "sensemaking" for the event focusing on the
“Situation” events.

In Study 4, the comparison between counterfactual and causal thinking gave us more
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information about the characteristics of counterfactuals. Results showed that not only did
those participants in the counterfactual condition dwell more on action thoughts but also that
counterfactual thoughts focus on events which were, on average, rated as more controllable
than the antecedents that they chose to explain the same experience. We can advance
different hypotheses to explain these results. The first hypothesis is based simply on the
assumptions of the functional theory of counterfactuals that claim that counterfactual
thoughts are focused on actions that are personally controllable by the individual (Roese and
Epstude 2017). However, we can also assume that the modified actions had other
characteristics besides controllability that could differentiate them from the other antecedents
that the participants might have chosen. Some studies showed that counterfactuals tend to
eliminate enabling causes to prevent an outcome (Byrne; 2005, 2016) and when participants
have to eliminate the difficulty in falling asleep, a thought such as “if only I hadn't looked at
my mobile phone” essentially modify what could be precisely an enabling cause.

With regard to the comparison between counterfactual and prefactual thinking, Experiment 5
shows that in a context where it was difficult to imagine undoing the outcome by modifying
actions, the majority of counterfactual and almost all prefactual thoughts focused on
uncontrollable external modifications, whereas causal thinking focused equally on
uncontrollable internal and external modifications. Comparing counterfactual thinking with
other types of reasoning new evidence was found. Prefactual thinking seems to focus more on
controllable elements rather than counterfactual thinking also in childhood. Causal thinking,
on the other hand, compared with counterfactual thinking, seems to focus more on
modification with an internal locus (higher % ability), on more general aspects of the event,

and the antecedent, in general, is considered less controllable.

Possible applications
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Although not the main purpose of the work, the empirical studies also have potential
applications in various fields. Studies with children confirm that counterfactual thoughts not
only provide insight into how one should have acted to avoid a problem or what personal
limitations prevented a goal from being achieved, but often provide an adequate explanation
of the problem. For science learning and teaching, it might be useful to stimulate
counterfactual reasoning as a tool for constructing explanations arriving at a deeper
understanding of a phenomenon through mental simulation of alternatives. Since
counterfactual, prefactual, and causal thinking dwell on different causal antecedents, focusing
on different aspects of an event, we believe that our results could provide interesting insights
for application areas such as media communication (e.g., media communication during the

Covid pandemic) and in the clinical and health care (e.g., in cases of insomnia).

Future studies

Future studies may continue to explore the content of counterfactual thoughts
regarding children’s first-hand experiences, ruling out the effect of perspective change in
real-world experiences (actors vs. observers) and further investigating the existence of fault
lines in children’s counterfactuals.

In Study 4, the frequency of Bedtime thoughts is predicted by emotional variables, in
Study 3 we found differences between the type of thoughts about daily life during the
pandemic and positive emotions. The link between counterfactuals and emotions appears to
be bidirectional and became both dysfunctional and protective for the individual: increasing
the number of counterfactuals could transform thoughts into ruminations, on the other hand,
increase positive emotions. Future studies may continue explore this relationship focusing on
the type and frequency of both counterfactuals and emotions.

Finally, future studies may continue to explore differences between counterfactual,
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causal, and prefactual thinking examining both the content (and not only controllability) and
the perceived controllability of the if controllability and then likelihood. Ongoing studies in
our laboratory seem to support, in line with Study 4, that counterfactual thinking focuses
more on if controllability rather than causal thinking. Furthermore, the same ongoing study
adds that reasoning counterfactually not only highly perceived the if controllability but also
the if likelihood. Given that in Study 4 we used a daily-life event and in the ongoing
experiment we used a classical laboratory task (find the odd number), future research may
continue exploring if the differences between counterfactual and causal thinking are crucial in
the perceived controllability and likelihood of the antecedent also using other methods (i.e.,

scenarios, tasks with the salience of everyday experience).

126



References

Adam J. Guastella, Michelle L. Moulds (2007). The impact of rumination on sleep quality
following a stressful life event. Personality and individual differences 42 1151- 1162

Bacon, A. M., Walsh, C. R., & A. Briazu, R. (2020). Looking behind and looking ahead:
Personality differences in counterfactual and prefactual thinking. Imagination,
Cognition and Personality, 40(2), 111-125.

Baker, S.; Bloom, N.; Davis, S.; Terry, S. COVID-Induced Economic Uncertainty; Working
Paper 26983; National Bureau of Economic Research: Cambridge, MA, USA, 2020.

Balbuena, L., & Monaro, M. (2021). Fear of infection and the common good: COVID-19 and
the first italian lockdown. International Journal of Environmental Research and Public
Health, 18(21), 11341.

Baron, R. A. (2000). Counterfactual thinking and venture formation: The potential effects of
thinking about “what might have been”. Journal of business venturing, 15(1), 79-91.

Beaty, R. E., Seli, P., & Schacter, D. L. (2019). Thinking about the past and future in daily
life: an experience sampling study of individual differences in mental time
travel. Psychological Research, 83, 805-816.

Beck, S. R. (2020). The subject of children’s counterfactual thoughts. Psychology of
Consciousness: Theory, Research, and Practice, 7(4), 340-350.
https://doi.org/10.1037/cns0000235

Beck, S. R., & Rafetseder, E. (2019). Are counterfactuals in and about time? Behavioral and
Brain Sciences, 42, €245. https://doi.org/10.1017/S0140525X19000591

Beck, S. R., Carroll, D. J., Brunsdon, V. E., & Gryg, C. K. (2011). Supporting children’s
counterfactual thinking with alternative modes of responding. Journal of Experimental
Child Psychology, 108(1), 190-202. https://doi.org/10.1016/j.jecp.2010.07.009

Beck, S. R., Riggs, K. J., & Gorniak, S. L. (2009). Relating developments in children's
counterfactual thinking and executive functions. Thinking & Reasoning, 15(4), 337-
354. https://doi.org/10.1080/13546780903135904

Beck, S. R., Robinson, E. J., Carroll, D. J., & Apperly, 1. A. (2006). Children's thinking about
counterfactuals and future hypotheticals as possibilities. Child Development, 77(2),
413-426. https://doi.org/10.1111/5.1467-8624.2006.00879.x

Berntsen, D., & Bohn, A. (2010). Remembering and forecasting: The relation. Memory &
cognition, 38(3), 265-278.

127



Berntsen, D., & Jacobsen, A. S. (2008). Involuntary (spontaneous) mental time travel into the
past and future. Consciousness and cognition, 17(4), 1093-1104.

Bertolotti, M., & Catellani, P. (2023). Counterfactual thinking as a prebunking strategy to
contrast misinformation on COVID-19. Journal of Experimental Social
Psychology, 104, 104404.

Bisiacchi, P. S., Cendron, M., Gugliotta, M., Tressoldi, P. E., & Vio, C. (2005). BVN 5-11:
batteria di valutazione neuropsicologica per 1'eta evolutiva. Erickson.

Bogani, A., Tentori, K., Ferrante, D., & Pighin, S. (2022). La funzione del pensiero
controfattuale: stato dell’arte e prospettive. Sistemi intelligenti, 34(2), 253-269.
Branch, J. G., & Zickar, M. J. (2021). Mental time travel into the episodic future, episodic
past, and episodic counterfactual past in everyday life. Applied Cognitive

Psychology, 35(1), 293-299.

Brinker, J. K., & Dozois, D. J. (2009). Ruminative thought style and depressed mood. Journal
of clinical psychology, 65(1), 1-19.

Brosschot, J. F., Gerin, W., & Thayer, J. F. (2006). The perseverative cognition hypothesis: A
review of worry, prolonged stress-related physiological activation, and health. Journal
of psychosomatic research, 60(2), 113-124.

Burns, P., McCormack, T., Jaroslawska, A., Fitzpatrick, A., McGourty, J., & Caruso, E. M.
(2019). The development of asymmetries in past and future thinking. Journal of
Experimental Psychology: General, 148(2), 272-288.
https://doi.org/10.1037/xge0000464

Burns, P., Riggs, K. J., & Beck, S. R. (2012). Executive control and the experience of
regret. Journal ~ of  Experimental = Child  Psychology, 111(3), 501-515.
https://doi.org/10.1016/j.jecp.2011.10.003

Buysse, D. J., Reynolds III, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and
research. Psychiatry research, 28(2), 193-213.

Byrne, R. M. (2016). Counterfactual thought. Annual Review of Psychology, 67, 135-157.
https://doi.org/10.1146/annurev-psych-122414-033249

Byrne, R. M. J. (2007). The rational imagination: How people create alternatives to reality.
Cambridge, MA: MIT Press.

CAIN, W. S. (1979). To know with the nose: Keys to odor identification.Science,203, 468—
470.

Catellani, P., & Covelli, V. (2013). The strategic use of counterfactual communication in

128



politics. Journal of Language and Social Psychology, 32(4), 480-489.

Cerase, A. Risk and Communication. Theories, Models, Problems; Egea: Rome, Italy, 2017;
pp. 1-286. (In Italian)

Coricelli, G., & Rustichini, A. (2010). Counterfactual thinking and emotions: regret and envy
learning. Philosophical Transactions of the Royal society B: Biological
sciences, 365(1538), 241-247.

D’Argembeau, A., & Van der Linden, M. (2004). Phenomenal characteristics associated with
projecting oneself back into the past and forward into the future: Influence of valence
and temporal distance. Consciousness and cognition, 13(4), 844-858.

De Brigard, F., & Giovanello, K. S. (2012). Influence of outcome valence in the subjective
experience of episodic past, future, and counterfactual thinking. Consciousness and
Cognition, 21(3), 1085-1096.

De Brigard, F., & Parikh, N. (2019). Episodic counterfactual thinking. Current Directions in
Psychological Science, 28(1), 59-66.

De Brigard, F., Addis, D. R., Ford, J. H., Schacter, D. L., & Giovanello, K. S. (2013).
Remembering what could have happened: Neural correlates of episodic counterfactual
thinking. Neuropsychologia, 51(12), 2401-2414.

Desor, J. A., &Beauchamp, G. K. (1974). The human capacity to transmit olfactory
information.Perception & Psychophysics,16, 551-556.

Dhami, M. K., & David, R. M. (2007). Escape from reality: Prisoners’ counterfactual
thinking about crime, justice, and punishment. In The psychology of counterfactual
thinking (pp. 177-194). Routledge.

Dias, M. G., & Harris, P. L. (1988). The effect of make-believe play on deductive reasoning.
British Journal of Developmental Psychology, 6, 207-221.
https://doi.org/10.1111/j.2044-835X.1988.tb01095.x

Drayton, S., Turley-Ames, K. J., & Guajardo, N. R. (2011). Counterfactual thinking and false
belief: The role of executive function. Journal of Experimental Child
Psychology, 108(3), 532-548. https://doi.org/10.1016/j.jecp.2010.09.007

Epstude, K., & Roese, N. (2008). The functional theory of counterfactual thinking.
Personality and Social Psychology Review, 12(2), 168-192.
https://doi.org/10.1177/1088868308316091

Epstude, K., Scholl, A., & Roese, N. J. (2016). Prefactual thoughts: Mental simulations about
what might happen. Review of General Psychology, 20(1), 48-56
https://doi.org/10.1037/gpr000006

129



Espie, C. A. (2007). Understanding insomnia through cognitive modelling. Sleep
Medicine, 8, S3-S8

Ferrante, D., Girotto, V., Straga, M., & Walsh, C. (2013). Improving the past and the future:
A temporal asymmetry in hypothetical thinking. Journal of Experimental Psychology:
General, 142(1), 23-27. https://doi.org/10.1037/a0027947

Fischhoff, B., Slovic, P., Lichtenstein, S., Read, S., & Combs, B. (1978). How safe is safe
enough? A psychometric study of attitudes towards technological risks and
benefits. Policy sciences, 9, 127-152.

Flaxman, S.; Mishra, S.; Gandy, A.; Unwin, H.J.T.; Mellan, T.A.; Coupland, H.; Whittaker,
C.; Zhu, H.; Berah, T.; Eaton, J.W.; et al. Estimating the effects of non-
pharmaceutical interventions on COVID-19 in Europe. Nature 2020, 584, 257-261

Folmer, A. S., Cole, D. A, Sigal, A. B., Benbow, L. D., Satterwhite, L. F., Swygert, K. E., &
Ciesla, J. A. (2008). Age-related changes in children’s understanding of effort and
ability: Implications for attribution theory and motivation. Journal of Experimental
Child Psychology, 99(2), 114-134. https://doi.org/10.1016/j.jecp.2007.09.003

Fortunato, V. J., & Furey, J. T. (2009). The Theory of MindTime and the relationships
between thinking perspective and the Big Five personality traits. Personality and
Individual Differences, 47(4), 241-246

Frosch, C. A., Egan, S. M., & Hancock, E. N. (2015). The effect of controllability and
causality on counterfactual thinking. Thinking & Reasoning, 21(3), 317-340.

Galinsky, A. D., Liljenquist, K. A., Kray, L. J., & Roese, N. J. (2005). Finding meaning from
mutability: Making sense and deriving significance through counterfactual thinking.

Ganjaei, K. G., Soler, Z. M., Storck, K. A., Rowan, N. R., Othieno, F. A., & Schlosser, R. J.
(2018). Variability in retronasal odor identification among patients with chronic
rhinosinusitis. American Journal of Rhinology & Allergy, 32(5), 424-431.

German, T. P., & Nichols, S. (2003). Children's counterfactual inferences about long and
short causal chains. Developmental Science, 6(5), 514-523.
https://doi.org/10.1111/1467-7687.00309

Gerstenberg, T., Goodman, N. D., Lagnado, D. A., & Tenenbaum, J. B. (2021). A
counterfactual ~ simulation model of causal judgments for physical
events. Psychological review, 128(5), 936.

Girotto, V., Ferrante, D., Pighin, S., & Gonzalez, M. (2007). Post-decisional counterfactual
thinking by actors and readers. Psychological Science, 18(6), 510-515.
https://doi.org/10.1111/j.1467-9280.2007.01931.x

130



Girotto, V., Legrenzi, P., & Rizzo, A. (1991). Event controllability in counterfactual
thinking. Acta  Psychologica, 78(1), 111-133. https://doi.org/10.1016/0001-
6918(91)90007-M

Goodman, N. (1983). Fact, fiction, and forecast. Harvard University Press.

Guajardo, N. R., & Turley-Ames, K. J. (2004). Preschoolers’ generation of different types of
counterfactual statements and theory of mind wunderstanding. Cognitive
Development, 19(1), 53-80. https://doi.org/10.1016/j.cogdev.2003.09.002

Guajardo, N. R., McNally, L. F., & Wright, A. (2016). Children’s spontaneous
counterfactuals: The roles of valence, expectancy, and cognitive flexibility. Journal of
Experimental Child Psychology, 146, 79-94.
https://doi.org/10.1016/j.jecp.2016.01.009

Guajardo, N. R., Parker, J., & Turley-Ames, K. (2009). Associations among false belief
understanding, counterfactual reasoning, and executive function. British Journal of
Developmental Psychology, 27(3), 681-702.
https://doi.org/10.1348/026151008X357886

Guastella, A. J., & Moulds, M. L. (2007). The impact of rumination on sleep quality
following a stressful life event. Personality and Individual Differences, 42(6), 1151-
1162.

Guttentag, R., & Ferrell, J. (2004). Reality compared with its alternatives: age differences in
judgments of regret and relief. Developmental Psychology, 40(5), 764-775.
https://doi.org/10.1037/0012-1649.40.5.764

Hammell, C., & Chan, A. Y. (2016). Improving physical task performance with
counterfactual and prefactual thinking. Plos one, 11(12), 1-12.
https://doi.org/10.1371/journal.pone.0168181

Harris, P. L., German, T., & Mills, P. (1996). Children's use of counterfactual thinking in
causal  reasoning. Cognition, 61(3),  233-259.  https://doi.org/10.1016/S0010-
0277(96)00715-9

Harvey, A. G., & Payne, S. (2002). The management of unwanted pre-sleep thoughts in
insomnia: distraction with imagery versus general distraction. Behaviour research and
therapy, 40(3), 267-277.

Heintzelman, S. J., Trent, J., & King, L. A. (2013). Encounters with objective coherence and
the experience of meaning in life. Psychological science, 24(6), 991-998.

Hilton, D., Schmeltzer, C., & Goulette, V. (2021). A question of detail: matching

counterfactuals to actual cause in pre-emption scenarios. Thinking &

131



Reasoning, 27(3), 350-388.

Kahneman, D., & Miller, D. T. (1986). Norm theory: Comparing reality to its
alternatives. Psychological review, 93(2), 136.

Kahneman, D., & Tversky, A. (1982). The simulation heuristic. In D. Kahneman, P. Slovic,
& A. Tversky (Eds.), Judgment Under Uncertainty: Heuristics and Biases (pp. 201—
208). Cambridge University Press. https://doi.org/10.1017/CB0O9780511809477.015

Kessels, R. P., Van Zandvoort, M. J., Postma, A., Kappelle, L. J., & De Haan, E. H. (2000).
The Corsi block-tapping task: standardization and normative data. Applied
Neuropsychology, 7(4), 252-258. https://doi.org/10.1207/S15324826 AN0704 8

Killgore, W.D.S.; Cloonan, S.A.; Taylor, E.C.; Fernandez, F.; Grandner, M.A.; Dailey, N.S.
Suicidal ideation during the COVID-19 pandemic: The role of insomnia. Psychiatry
Res. 2020, 290, 113134.

Kumar, P., N. Kumar, P. Aggarwal, and J. A. Yeap. 2021. “Working in Lockdown: The
Relationship Between COVID-19 Induced Work Stressors, Job Performance, Distress,
and Life Satisfaction.” Current Psychology 14: 1-6.

Lawless, H. T., &Engen, T. (1977). Associations to odors: Interference, mnemonics and
verbal labelling.Journal of Experimental Psychology: Human Learning & Memory,3,
52-59.

Leevers, H. J., & Harris, P. L. (2000). Counterfactual syllogistic reasoning in normal 4-
yearolds, children with learning disabilities, and children with autism. Journal of
Experimental Child Psychology, 76, 64—87. https://doi.org/10.1006/jecp.1999.2542

Lowe, B., Decker, O., Miiller, S., Bréhler, E., Schellberg, D., Herzog, W., & Herzberg, P. Y.
(2008). Validation and standardization of the Generalized Anxiety Disorder Screener
(GAD-7) in the general population. Medical care, 266-274.

Mandel, D. (2003). Counterfactuals, emotions, and context. Cognition and emotion, 17(1),
139-159.

Mandel, D. R. (2011). of Causal and Counterfactual Explanation. Understanding
counterfactuals, understanding causation: Issues in philosophy and psychology, 147.

Mandel, D. R., Hilton, D. J., & Catellani, P. (2007). The relation between counterfactual and
causal reasoning BARBARA A. SPELLMAN, ALEXANDRA P. KINCANNON.
In The Psychology of Counterfactual Thinking (pp. 40-55). Routledge.

Marcatto, F., & Ferrante, D. (2008). The regret and disappointment scale: An instrument for
assessing regret and disappointment in decision making. Judgment and Decision

making, 3(1), 87.

132



Markman, K. D., Gavanski, 1., Sherman, S. J., & McMullen, M. N. (1995). The impact of
perceived control on the imagination of better and worse possible worlds. Personality
and Social Psychology Bulletin, 21(06), 588-595.
https://doi.org/10.1177/0146167295216005

Marotta, L., Pesce, A., & Guazzini, A. (2020). Before and after the Quarantine: an
Approximate Study on the Psychological Impact of COVID-19 on the Italian
Population during the Lockdown Period. Future Internet, 12(12), 229.

Martino, F., Caselli, G., Ruggiero, G. M., & Sassaroli, S. (2013). Collera e ruminazione
mentale. Psicoterapia Cognitiva e Comportamentale.

McCloy, R., & Byrne, R. M. (2002). Semifactual “even if’ thinking. Thinking &
Reasoning, 8(1), 41-67.

McCormack, T., Ho, M., Gribben, C., O’Connor, E., & Hoerl, C. (2018). The development of
counterfactual reasoning about doubly-determined events. Cognitive
Development, 45, 1-9. https://doi.org/10.1016/j.cogdev.2017.10.001

McCormack, T., O’Connor, E., Beck, S., & Feeney, A. (2016). The development of regret
and relief about the outcomes of risky decisions. Journal of Experimental Child
Psychology, 148, 1-19. https://doi.org/10.1016/j.jecp.2016.02.008

McEleney, A., & Byrne, R. M. (2006). Spontaneous counterfactual thoughts and causal
explanations. Thinking & Reasoning, 12(2), 235-255.

McGraw, A. P., Mellers, B. A., & Tetlock, P. E. (2005). Expectations and emotions of
Olympic athletes. Journal of Experimental Social Psychology, 41(4), 438-446.
Medvec, V. H., Madey, S. F., & Gilovich, T. (1995). When less is more: counterfactual
thinking and satisfaction among Olympic medalists. Journal of personality and social

psychology, 69(4), 603.

Meehan, J. E., & Byrne, R. M. J. (2005). Children’s counterfactual thinking: The temporal
order effect. In B. G. Bara, L. Barsalou, & M. Bucciarelli (Eds.), Proceedings of the
27th annual conference of the Cognitive Science Society (pp. 1467—1473). Lawrence
Erlbaum.

Mellers, B. A., Schwartz, A., Ho, K., & Ritov, 1. (1997). Decision affect theory: Emotional
reactions to the outcomes of risky options. Psychological Science, 8(6), 423-429.

Mercier, H., Rolison, J., Straga, M., Ferrante, D., Walsh, C., & Girotto, V. (2017).
Questioning the preparatory function of counterfactual thinking. Memory &
Cognition, 45(2), 261-269. https://doi.org/10.3758/s13421-016-0660-5

Migone, P. (2013). Presentazione del DSM-5. Presentazione del DSM-5, 567-600.

133



Monk, T. H. (1989). A visual analogue scale technique to measure global vigor and
affect. Psychiatry research, 27(1), 89-99.

Montoya-Barthelemy, A. G., Lee, C. D., Cundiff, D. R., & Smith, E. B. (2020). COVID-19
and the correctional environment: the American prison as a focal point for public
health. American Journal of Preventive Medicine, 58(6), 888-891.

Morin, C. M. (1993). Insomnia Severity Index. PsycTESTS Dataset.

Motta Zanin, G., Gentile, E., Parisi, A., & Spasiano, D. (2020). A preliminary evaluation of
the public risk perception related to the COVID-19 health emergency in
Italy. International journal of environmental research and public health, 17(9), 3024.

Mueller, S. T. (2012). The Psychology Experiment Building Language (Version
0.13).[Computer software]. http://pebl.sourceforge.net.

Muenks, K., Wigfield, A., & Eccles, J. S. (2018). I can do this! The development and
calibration of children’s expectations for success and competence
beliefs. Developmental Review, 48, 24-39. https://doi.org/10.1016/j.dr.2018.04.001

Newby-Clark, I. R., & Ross, M. (2003). Conceiving the past and future. Personality and
Social Psychology Bulletin, 29(7), 807-818.

Nicholls, J. G. (1978). The development of the concepts of effort and ability, perception of
academic attainment, and the understanding that difficult tasks require more
ability. Child Development, 49(3), 800-814. https://doi.org/10.2307/1128250

Nicholls, J. G., & Miller, A. T. (1984). Reasoning about the ability of self and others: A
developmental study. Child Development, 55(6), 1990-1999.
https://doi.org/10.2307/1129774

Nolen-Hoeksema, S., Wisco, B. E., & Lyubomirsky, S. (2008). Rethinking
rumination. Perspectives on psychological science, 3(5), 400-424.

Nyhout, A., & Ganea, P. A. (2019a). Mature counterfactual reasoning in 4-and 5-year-
olds. Cognition, 183, 57-66. https://doi.org/10.1016/j.cognition.2018.10.027

Nyhout, A., & Ganea, P. A. (2019b). The development of the counterfactual imagination.
Child Development Perspectives, 13(4), 254-259. https://doi.org/10.1111/cdep.12348

Nyhout, A., & Ganea, P. A. (2020). What is and what never should have been: Children’s
causal and counterfactual judgments about the same events. Journal of Experimental
Child Psychology, 192, 104773. https://doi.org/10.1016/j.jecp.2019.104773

Nyhout, A., Henke, L., & Ganea, P. A. (2019). Children's counterfactual reasoning about
causally overdetermined events. Child Development, 90(2), 610-622.
https://doi.org/10.1111/cdev.12913

134



O'Connor, E., McCormack, T., & Feeney, A. (2014). Do children who experience regret
make better decisions? A developmental study of the behavioral consequences of
regret. Child Development, 85(5), 1995-2010. https://doi.org/10.1111/cdev.12253

Odriozola-Gonzalez, P., Planchuelo-Gomez, A., Trurtia, M. J., & de Luis-Garcia, R. (2020).
Psychological effects of the COVID-19 outbreak and lockdown among students and
workers of a Spanish university. Psychiatry research, 290, 113108.

Pappa, S.; Ntella, V.; Giannakas, T.; Giannakoulis, V.G.; Papoutsi, E.; Katsaounou, P.
Prevalence of depression, anxiety, and insomnia among healthcare workers during the
COVID-19 pandemic: A systematic review and meta-analysis. Brain Behav.
Immun. 2020, 88, 901-907.

Parikh, N., LaBar, K. S., & De Brigard, F. (2020). Phenomenology of counterfactual thinking
is dampened in anxious individuals. Cognition and Emotion, 34(8), 1737-1745.

Payir, A., & Guttentag, R. (2016). “It could have been worse”: Developmental change in the
use of a counterfactual consoling strategy. Journal of Experimental Child
Psychology, 148, 119-130. https://doi.org/10.1016/j.jecp.2016.04.001

Payir, A., & Guttentag, R. (2019). Counterfactual thinking and age differences in judgments
of regret and blame. Journal of Experimental Child Psychology, 183, 261-275.
https://doi.org/10.1016/j.jecp.2019.02.007

Perner, J., Sprung, M., & Steinkogler, B. (2004). Counterfactual conditionals and false belief:
A developmental  dissociation. Cognitive  Development, 19(2), 179-201.
https://doi.org/10.1016/j.cogdev.2003.12.001

Perugini, M., & Di Blas, L. (2002). Analyzing personality related adjectives from an eticemic
perspective: the big five marker scales (BFMS) and the Italian ABSC taxonomy. Big
Five Assessment, 281-304.

Petrocelli, J. V., Seta, C. E., Seta, J. J., & Prince, L. B. (2012). “If only I could stop
generating counterfactual thoughts”: When counterfactual thinking interferes with
academic performance. Journal of Experimental Social Psychology, 48(5), 1117-
1123.

Pighin, S., Byrne, R. M., Ferrante, D., Gonzalez, M., & Girotto, V. (2011). Counterfactual
thoughts by experienced, observed and narrated events, Thinking & Reasoning, 17(2),
197-211. doi: 10.1080/13546783.2011.561598
https://doi.org/10.1080/13546783.2011.561598

Quaglieri, A., Lausi, G., Fraschetti, A., Burrai, J., Barchielli, B., Pizzo, A., ... & Mari, E.
(2021). “Stay at Home” in Italy during the COVID-19 outbreak: a longitudinal study

135



on individual well-being among different age groups. Brain Sciences, 11(8), 993.

Rafetseder, E., & Perner, J. (2010). Is reasoning from counterfactual antecedents evidence for
counterfactual reasoning? Thinking & Reasoning, 16(2), 131-155.
https://doi.org/10.1080/13546783.2010.488074

Rafetseder, E., & Perner, J. (2012). When the alternative would have been better:
Counterfactual reasoning and the emergence of regret. Cognition & Emotion, 26(5),
800-819. https://doi.org/10.1080/02699931.2011.619744

Rafetseder, E., & Perner, J. (2014). Counterfactual reasoning: sharpening conceptual
distinctions in developmental studies. Child Development Perspectives, 8(1), 54-58.
https://doi.org/10.1111/cdep.12061

Rafetseder, E., Cristi-Vargas, R., & Perner, J. (2010). Counterfactual reasoning: Developing a
sense of “nearest possible world”. Child development, 81(1), 376-389.
https://doi.org/10.1111/j.1467-8624.2009.01401.x

Rafetseder, E., O'Brien, C., Leahy, B., & Perner, J. (2021). Extended difficulties with
counterfactuals persist in reasoning with false beliefs: Evidence for teleology-in-
perspective. Journal of Experimental Child Psychology, 204, 105058.
https://doi.org/10.1016/j.jecp.2020.105058

Rafetseder, E., Schwitalla, M., & Perner, J. (2013). Counterfactual reasoning: From
childhood to adulthood. Journal of Experimental Child Psychology, 114(3), 389-404.
https://doi.org/10.1016/j.jecp.2012.10.010

Rasmussen, A. S., & Berntsen, D. (2013). The reality of the past versus the ideality of the
future: Emotional valence and functional differences between past and future mental
time travel. Memory & cognition, 41, 187-200.

Revlin, R., Cate, C. L., & Rouss, T. S. (2001). Reasoning counterfactually: Combining and
rending. Memory & Cognition, 29, 1196-1208.

Rigby, B. T., & Huebner, E. S. (2005). Do causal attributions mediate the relationship
between personality characteristics and life satisfaction in adolescence?. Psychology
in the Schools, 42(1), 91-99.

Riggs, K. J., Peterson, D. M., Robinson, E. J., & Mitchell, P. (1998). Are errors in false belief
tasks symptomatic of a broader difficulty with counterfactuality? Cognitive
Development, 13(1), 73-90. https://doi.org/10.1016/S0885-2014(98)90021-1

Rim, S., & Summerville, A. (2014). How far to the road not taken? The effect of
psychological distance on counterfactual direction. Personality and Social Psychology

Bulletin, 40(3), 391-401.

136



Rizzo, A., Ferrante, D., Legrenzi, P., Bagnara, S., & Malfatti, M. Active and latent failures:
How counterfactual thinking shifts the focus in causal assessment.

Robinson, E. J., Beck, S. (2000). What is difficult about counterfactual reasoning? In P.
Mitchell & K. J. Riggs (Eds.), Children's reasoning and the mind (pp. 101-119).
Psychology Press.

Roese NJ, Epstude K, Fessel F, et al. Repetitive regret, depression, and anxiety: findings from
a nationally representative survey. J Soc Clin Psychol 2009; 28: 671-88.

Roese, N. J. (1994). The functional basis of counterfactual thinking. Journal of personality
and Social Psychology, 66(5), 805.

Roese, N. J. (1997). Counterfactual thinking. Psychological bulletin, 121(1), 133

Roese, N. J., & Epstude, K. (2017). The functional theory of counterfactual thinking: New
evidence, new challenges, new insights. In Advances in experimental social
psychology (Vol. 56, pp. 1-79). Academic Press.

Roese, N. J., & Olson, J. M. (1997). Counterfactual thinking: The intersection of affect and
function. Advances in experimental social psychology, 29, 1-59.

Sandal, G.M.; van deVijver, F.J.; Smith, N. Psychological hibernation in Antarctica. Front.
Psychol. 2018, 9, 2235. [CrossRef]

Schacter, D. L., & Addis, D. R. (2007). The cognitive neuroscience of constructive memory:
remembering the past and imagining the future. Philosophical Transactions of the
Royal Society B: Biological Sciences, 362(1481), 773-786.

Schmidt, R. E., & Van der Linden, M. (2009). The aftermath of rash action: Sleep-interfering
counterfactual thoughts and emotions. Emotion, 9(4), 549.

Schmidt, R. E., & Van der Linden, M. (2013). Feeling too regretful to fall asleep:
Experimental activation of regret delays sleep onset. Cognitive therapy and
research, 37, 872-880.

Schmidt, R. E., Courvoisier, D. S., Cullati, S., Krachenmann, R., & Linden, M. V. D. (2018).
Too imperfect to fall asleep: perfectionism, pre-sleep counterfactual processing, and
insomnia. Frontiers in psychology, 9, 1288.

Schmidt, R. E., Cullati, S., Mostofsky, E., Haller, G., Agoritsas, T., Mittleman, M. A., ... &
Courvoisier, D. S. (2015). Healthcare-related regret among nurses and physicians is
associated with self-rated insomnia severity: a cross-sectional study. PLoS
One, 10(10), e0139770.

Schwartz, B., Ward, A., Monterosso, J., Lyubomirsky, S., White, K., & Lehman, D. R.

(2002). Maximizing versus satisficing: Happiness is a matter of choice. Journal of

137



Personality and Social Psychology, 83, 1178— 1197.

Schwartz, B., Ward, A., Monterosso, J., Lyubomirsky, S., White, K., & Lehman, D. R.
(2002). Maximizing versus satisficing: happiness is a matter of choice. Journal of
personality and social psychology, 83(5), 1178.

Seligman, M. E., Railton, P., Baumeister, R. F., & Sripada, C. (2013). Navigating into the
future or driven by the past. Perspectives on psychological science, 8(2), 119-141.

Sibley, C. G., Greaves, L. M., Satherley, N., Wilson, M. S., Overall, N. C., Lee, C. H., ... &
Barlow, F. K. (2020). Effects of the COVID-19 pandemic and nationwide lockdown
on trust, attitudes toward government, and well-being. American psychologist, 75(5),
618.

Slovic, P., Fischhoff, B., & Lichtenstein, S. (1980). Facts and fears: Understanding perceived
risk (pp. 181-216). Springer US.

Slovic, P., Fischhoff, B., & Lichtenstein, S. (1986). The psychometric study of risk
perception.

Smallman, R., & Roese, N. J. (2009). Counterfactual thinking facilitates behavioral
intentions. Journal of experimental social psychology, 45(4), 845-852.

Spellman, B. A., & Gilbert, E. A. (2014). Blame, cause, and counterfactuals: The inextricable
link. Psychological Inquiry, 25(2), 245-250.

Spellman, B. A., & Mandel, D. R. (1999). When possibility informs reality: Counterfactual
thinking as a cue to causality. Current Directions in Psychological Science, 8(4), 120-
123.

Spitzer, R. L., Kroenke, K., Williams, J. B., & Lowe, B. (2006). A brief measure for
assessing generalized anxiety disorder: the GAD-7. Archives of internal
medicine, 166(10), 1092-1097.

Stevenson, R. J., Case, T. 1., & Mahmut, M. (2007). Difficulty in evoking odor images: the
role of odor naming. Memory & Cognition, 35, 578-589

Sukhodolsky, D. G., Golub, A., & Cromwell, E. N. (2001). Development and validation of
the anger rumination scale. Personality and individual differences, 31(5), 689-700.

Tanner, A., Voon, D., Hasking, P., & Martin, G. (2013). Underlying structure of ruminative
thinking: Factor analysis of the Ruminative Thought Style Questionnaire. Cognitive
therapy and research, 37(3), 633-646.

Terraciano, A., McCrae, R. R., & Costa Jr, P. T. (2003). Factorial and construct validity of
the Italian Positive and Negative Affect Schedule (PANAS). European journal of
psychological assessment, 19(2), 131.

138



Tombaugh, T. N. (2004). Trail Making Test A and B: normative data stratified by age and
education.  Archives of  clinical  neuropsychology, 19(2), 203-214.
https://doi.org/10.1016/S0887-6177(03)00039-8

Van Duijvenvoorde, A. C., Huizenga, H. M., & Jansen, B. R. (2014). What is and what could
have been: Experiencing regret and relief across childhood. Cognition &
emotion, 28(5), 926-935.

Voon, D., Hasking, P., & Martin, G. (2014). The roles of emotion regulation and ruminative
thoughts in non-suicidal self-injury. British Journal of Clinical Psychology, 53(1), 95-
113.

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief
measures of positive and negative affect: the PANAS scales. Journal of personality
and social psychology, 54(6), 1063.

Waytz, A., Hershfield, H. E., & Tamir, D. 1. (2015). Mental simulation and meaning in
life. Journal of personality and social psychology, 108(2), 336.

Weisberg, D. P., & Beck, S. R. (2010). Children’s thinking about their own and others’ regret
and relief. Journal of Experimental Child Psychology, 106(2), 184-191.
https://doi.org/10.1016/j.jecp.2010.02.005

Weisberg, D. P., & Beck, S. R. (2012). The development of children's regret and
relief. Cognition & Emotion, 26(5), 820-835.
https://doi.org/10.1080/02699931.2011.621933

Wrzesniewski, A., McCauley, C., & Rozin, P. (1999). Odor and affect: individual differences
in the impact of odor on liking for places, things and people. Chemical Senses, 24(6),
713-721.

Xu, Y., Ma, W, Xu, X., & Xie, Y. (2022). How Duty-Free Policy Influences Travel
Intention: Mediating Role of Perceived Value and Moderating Roles of COVID-19
Severity and Counterfactual Thinking. Frontiers in Psychology, 13.

Zeelenberg, M., & Pieters, R. (2007). A theory of regret regulation 1.0. Journal of Consumer
psychology, 17(1), 3-18.

Zhang, S. X., Y. Wang, A. Rauch, and F. Wei. 2020. “Unprecedented Disruption of Lives
and Work: Health, Distress and Life Satisfaction of Working Adults in China one
Month Into the COVID-19 Outbreak.” Psychiatry Research 288: 112958.

139



Appendix

Study 2 instructions

Here we reported the written instructions of Study 2 related to the modified version of the
trail-making task. Instructions were read aloud to children, whereas adults read them by
themselves. The parts in italics referred to the indefinite condition, whereas the parts in italics
reported in brackets concerned the definite condition.

On the sheet you will receive, you will find letters and numbers. You have to connect as
many numbers and letters as possible [all the numbers and letters] in the shortest time
possible, alternating numbers and letters in order. The line should follow this path: 1-A-2-B-

3-Cetc

G Q 6 End
oA (B

You have a time limit (which I won’t tell you) to connect as many items as pos- sible [all the
items]. You must not lift the pen off the paper. If you realize you have skipped an item, go
back to the previous point, and resume your path. I will keep track of any mistakes and of the
number of times you lift the pen off the paper.

Complete the example before beginning! [children only]
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