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DISSERTATION ABSTRACT
Michael C. Silverstein
Doctor of Philosophy in Psychology

Title: Hindsight and Numeric Confidence: Influences on Decision Processes

Hindsight bias has long been speculated to increase confidence for subsequent decisions
and judgments (e.g., Dawson et al., 1993; Hawkins & Hastie, 1990; Roese & Vohs, 2012);
however, to our knowledge, there is no empirical evidence for this consequence of hindsight.
The goals of the present dissertation are to: 1) provide evidence of the causal relationship
between hindsight bias and increases in both prospective and retrospective confidence, 2) study
how the amount of hindsight experience can affect changes in confidence, 3) begin to understand
the consequences of elevated confidence due to hindsight bias on decision processes, and 4)
investigate possible emotional processes underlying how people learn confidence from
experiences. To accomplish these goals, we developed a paradigm that would afford some
participants hindsight bias during training for a novel math choice task (Pilot Studies). Then
participants completed a set of test trials during which they indicated their confidence in their
answers.

Using an online sample of participants (N = 842 MTurkers; Study 1), we found that
participants who experienced hindsight trials during training reported greater prospective
confidence than participants who completed the training in foresight without any feedback (but
not more confidence than those with feedback). Additionally, participants who experienced
hindsight trials during training reported greater retrospective confidence than participants who
completed the training in foresight without any feedback. However, foresight participants appear

to have decreased in prospective confidence, rather than hindsight participants increasing in



prospective confidence, challenging the speculation that hindsight bias increases confidence.
Moreover, the amount of training did not appear to play a significant role in participants’
confidence judgments. Prospective confidence had a parabolic relation with response times (such
that people with moderate levels of prospective confidence answered more slowly), suggesting
that prospective confidence modulates decision processes.

Using an in-person sample of undergraduates (N = 199; Study 2), we replicated key
findings from Study 1 and investigated the role of affective responses to feedback (i.e.,
participants learning that they were correct/incorrect or judging in hindsight that they would have
been correct/incorrect) in changes to prospective confidence. Affective responses appear to be
important for people to learn prospective confidence and to learn to recognize errors in decision
making. Greater positive affect to positive feedback was associated with increases in prospective
confidence. On the other hand, greater negative affect to negative feedback was associated with
more sensitive retrospective confidence judgments (i.e., participants’ retrospective confidence
judgments differed more for correct and incorrect responses). Drift diffusion modeling revealed
that hindsight training (versus foresight-with-feedback) reduced participants’ rate of evidence
accumulation and their cautiousness in subsequent decisions. Moreover, greater prospective
confidence was associated with faster evidence accumulation and more cautious decision

making.
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I: INTRODUCTION AND LITERATURE REVIEW

When I was younger, I struggled with vocabulary and spelling in school. My parents encouraged
me to study and practice for my vocabulary tests with flashcards (e.g., an index card with a
question on the front and the correct answer on the back). Flashcards allow you to quiz yourself
in the hopes of identifying areas of mastery and areas that need further review. Of course,

flashcards work best if you use them as intended:

1) Look at the question, 2) answer the question, 3) check the answer provided against the

true answer, and 4) repeat steps 1-3 for all cards.

However, I was impatient and easily tempted to look at the answers, so I would cheat a bit.

Instead of the intended use, I would:

1) Look at the question, 2) look at the true answer, 3) judge if [ would have known the

correct answer, and 4) repeat steps 1-3 for all/most/some cards.

This latter strategy required that I judge whether I would have been correct in hindsight, after
knowing the true answer. Often, I would judge that I would have been correct when I likely
would not have, and, after going through the pile of flashcards, I would feel confident about my
vocabulary and spelling for the test. However, I would, ultimately, do poorly on the test. This
outcome was especially crushing, since I typically felt that [ had done pretty well immediately
after the test. Apparently, studying in a way that relied on judgments in hindsight opened me up
to bias and made me overconfident. Each time that I looked at the answer before attempting to

answer first, I overestimated the extent to which I knew the correct answer. With each additional
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card, | felt more and more confident in my vocabulary and spelling, and that I was ready for the

test.

The tendency to overestimate the extent you would have known/predicted something after seeing
the outcome or correct answer is referred to as hindsight bias (Fischhoff, 1975). Studying in a
way that affords a hindsight bias (e.g., looking at the answers before attempting the question)
may cause people to retrospectively overestimate their knowledge, in other words, to become
overconfident (Fischhoff, 1975; Winman et al., 1998). This lack of calibration itself can be
problematic. However, the consequences of hindsight bias—especially repeated experiences of
hindsight bias—for future decision making have been speculated but little explored. For
example, it is possible that hindsight bias, through efficacy beliefs (i.e., beliefs about one’s
ability; e.g., “I am good at math”) and confidence (i.e., judgments about one’s performance on a
specific task; e.g., “I believe I will answer that math problem correctly”), might influence how
people decide subsequently and bias prospective confidence as well as retrospective confidence

for performance in subsequent similar tasks. Hindsight bias and its consequences for prospective

and retrospective confidence are the primary focus of this dissertation. The secondary focus of

this dissertation is to explore a possible Confidence Cycle (see The Confidence Cycle later in this

chapter)—particularly the effects of prospective confidence on decision making and how we

learn prospective confidence through affect.

What is Confidence?

When people talk about confidence, they might refer to a judgment made prior to a decision (i.e.,

prospective) or after the fact (i.e., retrospective). However, these prospective and retrospective

16



judgments appear to be relatively distinct, differing in sources (i.e., the cognitive and experiential
bases of the judgment; Fleming et al., 2016) and associated brain regions (Fleming & Dolan,
2012). Here, decision confidence is defined as a decision-specific metacognitive likelihood
judgment of decision-goal attainment (e.g., accuracy) made prior to a decision (i.e.,
prospective) or following a decision (often in the absence of objective feedback; i.e.,
retrospective). These judgments are predicated on efficacy beliefs, formed based on learned
task difficulty cues, and informed by the decision-making experience (e.g., fluency, decision
time). Much of the cognitive and decision-making literature on confidence has focused largely
on retrospective confidence in decisions, with a strong emphasis in decision research on
overconfidence (e.g., Moore & Healy, 2008). Social psychology instead has had a focus on
beliefs about one’s ability prior to behavior (e.g., efficacy beliefs; Bandura, 1977). Memory
researchers have studied how people know what they know prospectively in the area of
metamemory (Koriat, 2007). Recently, cognitive psychology in perceptual decision making has
begun to investigate such prospective beliefs (e.g., Boldt et al., 2019; Fleming et al., 2016). The
present review pulls from these various bodies of literature to discuss the interrelations of
confidence with decision making and the potential consequences of hindsight bias for subsequent

confidence judgments and decisions.

Estimation, Placement, and Precision. Broadly, confidence judgments can be separated into
three varieties: placement, precision, and estimation (see Moore & Healy, 2008). While the focus
of the present dissertation is estimation judgments, we now briefly discuss placement and
precision. Placement confidence judgments are judgments of performance or ability relative to
other people. An example of placement would be if people are asked to estimate their rank order

or percentile rank on an exam performance relative to their classmates. Pervasive overplacement
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(i.e., people rate themselves as better relative to others than they are) results in the “better-than-
average effect”—in which the majority of people think they are above the 50 percentile (see
Alicke & Govorun, 2005). Precision judgments can be assessed for beliefs that can be expressed
quantitatively (e.g., How long is the Nile River) by requesting a confidence interval (typically a
90% confidence interval; Moore & Healy, 2008). More confident people should provide
narrower confidence intervals than those who are less confident. Typically, precision is assessed
in the context of knowledge, and participants are asked to provide a range of possible values that
they are 90% confident contains the correct value. People are typically over-precise, meaning
that their 90% confidence interval contains the correct value less than would be expected for an
accurate 90% confidence interval—some studies suggest only 50% of the time (Soll & Klayman,

2004).

The focus of the present dissertation is on estimation confidence judgments. These are judgments
of one’s actual ability, performance, level of control, or chance of success (Moore & Healy,
2008). Estimation can be elicited for past decisions (retrospectively) or future tasks
(prospectively; Fleming et al., 2016). For retrospective judgments, people are often asked to
report their confidence about their response or responses on a scale from 0%-100% (alternatively
from 50%-100%) for a single decision they just made. Alternatively, they can be asked to report
their confidence about their answer on an ordinal Likert-type scale (e.g., 1- Not at all Confident
to 6- Very Confident). Sometimes, people are asked to report their confidence and answer using
a single semantic differentiation scale (e.g., 1- Certainly No to 6- Certainly Yes). After a series
of decisions, people could be asked to estimate how many questions they think they got correct
out of a series of decisions. For prospective judgments, many of these same types of self-report

measures apply. People could be asked how many questions they expect to get correct or to

18



estimate the likelihood that they will be correct for a specific decision. Alternatively, people
could be asked about their ability or their efficacy beliefs. For example, people could be asked to
report how good or bad they are at a task. Prospective estimation judgments about ability could
be thought of as similar to self-efficacy. According to Bandura (1977), self-efficacy is domain-

specific confidence in one’s ability to be successful.

Sensitivity and Bias. When discussing the correspondence of confidence judgments to accuracy,
it is important to distinguish between two aspects of confidence calibration: sensitivity and bias
(Fleming & Lau, 2014; Koriat, 2007). Confidence sensitivity represents the ability of a decision
maker to discriminate between good and bad decisions in their confidence judgments and is
related to the confidence-accuracy correlation. Whereas bias is related to over- and under-
confidence—individual differences in task confidence—and is often referred to as accuracy.
Sensitivity is the difference between a person’s average confidence when they are correct and
average confidence when they are incorrect. Accuracy, on the other hand, is the difference

between a person’s average confidence and their average accuracy.

Sensitivity = Co—1 — Co=o

Bias=C -0

For example, if a person completes ten math problems and reports their confidence following
each question (on a 0 [certain incorrect]-100 [certain correct] scale), we can assess the sensitivity
and accuracy of their confidence judgments. Imagine that they answered five of the ten correctly.
If they are highly confident when they are correct—on average indicating a 95 for their
confidence—and not at all confident when incorrect—on average indicating a 45 for their
confidence—, their confidence is sensitive to their accuracy. However, if they report the same
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confidence level regardless of their accuracy (say they indicate 50 for their confidence for every
problem), their confidence is not at all sensitive to their accuracy. However, in this latter case,
the person’s confidence judgment would be accurate—their average confidence would equal
their average correctness. In the former case, however, the person would be overconfident

because their average confidence (70) would be greater than their average accuracy (50%).

Generally, people’s retrospective confidence judgments are somewhat reflective of their
accuracy in that confidence ratings correlate positively with accuracy, even in the absence of
feedback, with and without controlling for difficulty (Ariely et al., 2000). That is, people tend to
be more confident when they are correct and less confident when they are incorrect—they
demonstrate sensitivity in their confidence judgments. However, people may lack accuracy—
often demonstrating overconfidence and underconfidence in different situations. This
decomposition of confidence into sensitivity and accuracy also applies to prospective confidence
judgments but has rarely been performed. However, Fleming and colleagues (2016) found that
retrospective confidence was more sensitive and accurate than prospective confidence—likely

because retrospective confidence can take into account the specific decision-making experience.

Retrospective Confidence versus Prospective Confidence

Aside from the timing of the confidence judgment relative to a decision, what else distinguishes
prospective and retrospective confidence? There is some evidence that prospective and
retrospective confidences are neurologically distinct (Chua et al., 2009; Fleming & Dolan, 2012).
Research in metamemory, for example, has found that right ventromedial prefrontal cortex
damage was associated with a decreased accuracy in feeling-of-knowing judgments (i.e.,

prospective confidence of recall ability) but did not affect retrospective confidence accuracy
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(Schnyer et al., 2005). On the other hand, lateral frontal lesions were associated with impairment
of retrospective confidence, but not prospective confidence (Pannu et al., 2005). Functional MRI
studies have suggested that prospective confidence is associated with activity in the medial
prefrontal cortex (PFC; Modirrousta & Fellows, 2008; Schnyer et al., 2004), while retrospective
confidence is associated with activity in the rostrolateral PFC (Fleck et al., 2006; Fleming et al.,
2012; Yokoyama et al., 2010). Interestingly, Euston and colleagues (2012) suggest that the
medial PFC learns and stores associations between events, context, locations, and corresponding
affective responses. The medial PFC has also been indicated in the learning of affective
responses to inform decisions (Bechara & Damasio, 2005; see Role of Affect in the Confidence

Cycle below).

Prospective and retrospective confidence also appear to be somewhat distinct in terms of their
sources and functions. Prospective confidence is thought to draw largely from past experiences
to inform expectations (Bandura, 1977; Feather, 1966; Fleming et al., 2016), guide the allocation
of effort and help seeking (Aguilar-Lleyda et al., 2020; Arkes et al., 1986; Bruine de Bruin et al.,
2023; de Gardelle & Mamassian, 2014; Parker & Stone, 2014; Pescetelli et al., 2021; Sieck &
Arkes, 2005), and motivate/demotivate deliberation (see Prospective Confidence Influences
Decision Making below). Retrospective confidence, in contrast, is thought to draw largely from
the specific, just-completed decision-making experience (Koriat et al., 1981; Koriat & Adiv,
2012; Koriat & Levy-Sadot, 1999) to inform decision quality (Carlebach & Yeung, 2020; Yeung

& Summerfield, 2012).

Prospective confidence has been little considered in the study of judgment and decision making.
Instead, decision research has focused primarily on judgments of confidence about past decisions

with an emphasis on metacognitive bias (e.g., overconfidence) and improving calibration. The

21



study of prospective confidence has largely been left to social psychology (e.g., self-efficacy)
and metamemory research (e.g., feelings of knowing and judgments of learning). However,
prospective and retrospective judgments appear to be separate but related constructs. It is likely
that prospective confidence directly informs retrospective judgments (Ehrlinger & Dunning,
2003; Van Marcke et al., 2024) and those retrospective judgments, in turn, inform prospective
confidence—possibly through efficacy beliefs (Bandura, 1977; Feather, 1966; Fleming et al.,
2016). Importantly, prospective confidence has been linked to some extent to decision processes
(e.g., Boldt et al., 2019; Desender et al., 2019) and outcomes (Peters, Tompkins, et al., 2019;
Peters & Shoots-Reinhard, 2022). This dissertation seeks to investigate the relations between
prospective confidence, decision-making, and retrospective confidence. Moreover, the present
dissertation will investigate how hindsight bias affects subsequent decision-making and

confidence calibration through these relations.

The Confidence Cycle

We propose that there is a Confidence Cycle (see Figure 1.1). In the following sections, we
review literature that suggests that 1) prospective confidence influences decision making (path
A), 2) decision making influences retrospective confidence (path B), 3) prospective confidence
informs retrospective confidence (path C), and 4) retrospective confidence informs prospective
confidence (path D). We will also discuss the potential role of affect in the Confidence Cycle. In
the following chapters, we will extend findings about the role of prospective confidence in

decision making beyond perceptual decisions—to a novel numeric decision task.
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Figure 1.1. The Confidence Cycle. Decision Processes as depicted in line with the Drift
Diffusion Model (DDM; Ratcliff, 1978). The DDM suggests that a binary choice can be
represented as a random evidence accumulation toward decision thresholds and consists of
multiple parameters: 1. Drift rate (u): The rate at which evidence accumulates for one option
relative to another. 2. Decision threshold (a): The amount of evidence required to decide. This
parameter is sometimes referred to as decision cautiousness. 3. Starting point (z): The point from
which the evidence accumulation process begins relative to the decision thresholds. 4. Non-
decision time (T).: The time required for stimulus encoding, motor preparation, and other non-
decision-related processes. 5. Variability of evidence (c): The variability of the evidence for each
option. A higher variability of evidence makes it harder to distinguish the signal from the noise.

Prospective Confidence Influences Decision Making. Critical to the outcome of decision
making, prospective confidence modulates effort and deliberation. Research in the area of
metamemory suggests that feelings of knowing and judgments of learning dictate the allocation
of resources in memory retrieval and the selection of learning strategies (Koriat, 2007). For
example, prospective confidence predicts the length of time studying items for and answering
items on a recall task (Son & Metcalfe, 2000), time spent searching for a memory (Singer &

Tiede, 2008), and the allocation of studying over time (Son, 2004). Additionally, feelings of
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knowing motivate strategies for answering questions—recalling them from memory or deriving

them through logic (Reder, 1987; Reder & Ritter, 1992).

Inspired by the metamemory literature, disfluency was suggested as a trigger of more effortful,
deliberative processing since experienced disfluency can cue task difficulty (Alter et al., 2007,
Alter & Oppenheimer, 2009). Zhao and colleagues (2022) consistently found that disfluent fonts
increased cautiousness (i.e., threshold separation) modeled using Drift Diffusion Modeling
(DDM), suggesting that disfluent processing triggered participants to be more cautious and
deliberative. Similarly, Thompson and colleagues (2011) suggested that, in a default-
interventionalist framework of decision making, “feelings of rightness” accompanying an
intuitive response could motivate the intervention of more deliberative processing. Both theories
suggest that reducing prospective confidence might increase deliberation. Consistently, low
confidence in a decision has been shown to increase deliberation in a subsequent decision
(Desender et al., 2019), and reducing prospective confidence has been shown to increase effort
and deliberation (Stone, 1994). Moreover, decision makers become more cautious (i.e.,
expanding thresholds in DDM) following a perceived error (Dutilh et al., 2012). Vancouver and
colleagues (2002) found that repetition of a task induced overconfidence and increased logical
errors, potentially because of less caution in decision making. All these findings suggest that

greater prospective confidence decreases deliberation.

However, other theories have suggested the opposite is true (Boldt et al., 2019; van den Berg et
al., 2016; Zacharopoulos et al., 2014): that increasing prospective confidence increases
deliberation. Boldt and colleagues (2019) used learned difficulty cues to manipulate prospective
confidence for a perceptual decision task. They found that trials cued to be easy caused

participants to invest more effort (i.e., they expanded decision thresholds according to DDM) and
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prepare more (i.e., they showed greater preparatory EEG activity). Similarly, van den Berg and
colleagues (2016) found that participants adjusted their deliberation on a second decision based
on their confidence in the first, such that higher confidence was associated with more cautious
decision making. One explanation for more effort on easy trials is that participants may allocate
their effort to trials they expect to be able to succeed at to conserve energy (Shenhav et al.,
2021). In this way, prospective confidence may act as a self-fulfilling prophecy (Zacharopoulos
et al., 2014). Research on numeric self-efficacy suggests that more confident people persist more
on numeric tasks, driving numeric deliberations and calculations (Peters & Shoots-Reinhard,

2022).

There appear to be opposite findings regarding the relation between prospective confidence and
deliberation. These findings beg the question: when does confidence motivate effortful
deliberation and when does it demotivate? A classical theory of achievement motivation posits
that motivation for a given task is a function of the value of the outcome and the perceived
likelihood of task achievement (Atkinson, 1957). Of particular importance is that the function
between motivation and perceived likelihood of achievement is not linear, but rather parabolic,
with the greatest motivation occurring when the task difficulty is equal to one’s perceived ability
(i.e., a 50-50 chance of success). When motivated by achievement goals, people may deliberate
more when their perceived uncertainty of success is highest and deliberate less when they view
the task as beneath them or over their heads. The achievement motivation model suggests that
when perceived task difficulty is high, highly confident people may be motivated to deliberate.
Such deliberation may be in vain, though, if the task is too difficult for them. This is the common
understanding of the negative influence of being overconfident: colloquially, one might “bite off

more than one can chew.” However, little research has evaluated situations in which highly
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confident people are overconfident, such that they feel a difficult task is beneath them. This may
occur when a task appears easy but is deceptively difficult. The achievement motivation model
would suggest that, in this situation, such people may be demotivated to deliberate. We further
suggest that people will rely more on intuition and may make worse decisions when deliberation
is demotivated. Hence, if there is more to a task than meets the eye, a person might believe it is
easy (when it is not) and thus abstain from deliberation. This idea that overconfidence leads to
carelessness is not new; indeed, Stone (1994) found that when negative expectations were
induced to counter overconfidence, participants increased effort, deliberation, and performance
in a decision task. It is also possible that focusing on the process of goal pursuit (e.g., trying to
enjoy the task itself) rather than the goal itself (e.g., viewing the task as just a means to an end)
may cause uncertainty in outcomes to be motivating (Shen et al., 2014). In Studies 1 and 2, we

will explore a potential non-linear relation between prospective confidence and deliberation.

Decision Processes Inform Retrospective Confidence. Some research suggests that retrospective
confidence is information-based—formed based on analytic processes used to estimate a
likelihood of accuracy (Koriat & Levy-Sadot, 1999). That is, people infer their likelihood of
correctness based on the balance of evidence recruited in support of the options (following the
decision-making process), their metacognitive theories (e.g., I make worse decisions when
rushed or tired), and/or recollection of similar tasks and prospective confidence (more on
prospective confidence in Prospective Confidence Informs Retrospective Confidence below). For
example, Koriat, Lichtenstein, and Fischhoff (1981) suggested that following a decision, people
review the evidence used to decide to form a judgment of correctness. However, they thought
that this review process was biased by attempts to justify the decision made; people focus on

evidence consistent with their decision. Similarly, Kruger and Dunning (1999) suggested that
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people rely on the same ability to inform confidence judgments for a given task and to complete
the task. Additionally, people report being less confident in their answers when they believe that
the evidence used to decide was unreliable (Boldt et al., 2017). People greater in metacognitive
awareness tend to attend to whether they are effectively achieving and pursuing their goals more
and have confidence judgments more accurate to their actual performance (Stankov & Lee,

2008).

There is also evidence of retrospective confidence being experience-based—inferred based on
heuristic cues derived from the decision-making experience (Koriat & Levy-Sadot, 1999). These
cues are thought to automatically give rise to feelings of confidence. Commonly cited heuristic
cues for decision accuracy involve fluency (see Alter & Oppenheimer, 2009). Greater fluency is
associated with greater retrospective confidence judgments regardless of whether the source of
fluency is perceptual (Alter et al., 2007), based on encoding processes (Castel et al., 2007; Koriat
& Ma’ayan, 2005), or based on retrieval processes (Kelley & Lindsay, 1993). For example, Alter
and colleagues (2007) found that people were less confident in their answers to logic problems
when the instructions and questions were presented in a difficult-to-read font. They interpreted
these findings as evidence that disfluency in perceptual processing acted as a difficulty cue,
reducing retrospective confidence judgments. How long a decision takes can also heuristically
inform retrospective confidence. When people are allowed to respond at their own pace, they
tend to report greater confidence in fast responses (Baranski & Petrusic, 1998). However, when
decision time or evidence presentation is manipulated (e.g., in an interrogation paradigm or by
manipulating speed v. accuracy goals), subjects tend to be more confident in decisions that take
longer (Vickers et al., 1985). This pattern of results suggests that greater accumulated evidence

results in greater confidence; however, time can be a heuristic cue for difficulty and thus
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confidence. When evidence is accumulated slowly and the decision takes longer than expected,

people are less confident in their decision.

Prospective Confidence Informs Retrospective Confidence. Moore and Healy (2008)
conceptualized retrospective confidence judgments as a process like Bayesian belief updating in
which people base their judgments on a metacognitive theory about the probability distribution
of performance on a task and update based on gut feelings. In this way, people’s retrospective
confidence judgments are based on imperfect knowledge and regress toward their subjective
beliefs about the probability distribution of performance. Crucial to this Bayesian theory of
confidence is that people hold a metacognitive theory that their gut feelings convey an imperfect
indication of performance and that the true performance must exist between the feeling and their
prior beliefs. These prior beliefs about performance are somewhat like prospective confidence

judgments.

Indeed, prospective confidence and self-efficacy appear to be a source of information for
retrospective confidence (Bandura, 1977; Dunning et al., 2003). Ehrlinger and Dunning (2003)
found that people’s retrospective confidence judgments varied based on what they believed the
test was measuring—aligning with how confident they felt in their own abilities in that domain.
When people believed the test assessed abstract reasoning (an ability on which participants rated
themselves highly), they believed they had done better than participants who believed the same
test assessed computer programming (an ability on which participants did not rate themselves
highly). In reality, groups did not differ in their performance regardless of their belief of what the
test assessed, suggesting the difference in confidence was due to the difference in their
prospective confidence. Bolt and colleagues (2019) found in a perceptual decision task that

learned difficulty cues predicted retrospective confidence even when the cue-difficulty pairs
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were changed unannounced. These results suggest that expectations learned from experience
inform retrospective confidence judgments. More recently, Van Marcke and colleagues (2024)
manipulated prospective confidence through false feedback during a training phase of a study
and demonstrated changes in retrospective confidence bias. False feedback during training
indicating that the participants were performing worse or better than they truly were caused
underconfident and overconfident retrospective judgments of performance on subsequent
perceptual decisions. Thus, prospective confidence may serve as a pseudo-Bayesian prior from
which we update retrospective judgments using the decision-making experience. The effects of
prospective confidence on retrospective confidence judgments at the decision level have not yet

been shown for non-perceptual decisions.

Retrospective Confidence Informs Prospective Confidence. Bandura (1977) identified four
main factors that influence self-efficacy: 1) personal experience of success and failure, 2)
vicarious experience (i.e., observing others’ successes or failures), 3) social persuasion (e.g.,
encouragement from others), and 4) physiological factors (e.g., fatigue). The strongest factors
identified by Bandura are personal and vicarious experiences. Prior experiences of success and
failure inform expectations of future outcomes (Bandura, 1977; Feather, 1966; Fleming et al.,
2016). In the absence of veridical feedback, people appear to base prospective confidence
judgments on their past retrospective confidence (Wittmann et al., 2016; Rouault et al., 2019,
2023). People can use retrospective confidence to determine abstract features of their
environment (e.g., reward rate, difficulty; Wittmann et al., 2016). For example, people can learn
difficulty cues for tasks without feedback (Boldt et al., 2019). They can also use retrospective
confidence to inform beliefs about their efficacy (Rouault et al., 2019, 2023). However, people

do not appear to update their efficacy beliefs in an unbiased way. Relative to what would be
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expected from Bayesian updating, people appear to overweight recent experiences (Fleming et
al., 2016), are conservative in their updates (Mobius et al., 2022), and demonstrate asymmetric
updating—they overweight positive experiences relative to negative experiences. Moreover,
experience itself, regardless of perceived success and failures, may inflate prospective
confidence (Einhorn & Hogarth, 1978). For example, Dawson and colleagues (1993) found that
physicians with more experience performing right-heart catheterizations were more confident in
their ability to estimate the information provided by the procedure, despite never making such
estimates and being no more accurate than less experienced physicians. One potential reason for
this inflation is that repeated hindsight bias could have provided false positives. Supporting this
explanation, Chance and colleagues (2011) found that giving participants answers to a test as
they took it increased their confidence for another test for which they wouldn’t be given the
answers. Even when given veridical feedback about their accuracy, decision makers might
become more confident with experience, especially when decisions are based on multiple
probabilistic cues (Brehmer, 1980). Vicarious experiences can also inflate confidence (Bandura,
1977). For example, Kardas and O’Brien (2018) found that watching others perform or explain
how to perform a task (e.g., throwing darts, juggling) increased confidence without increasing

ability.

In the present dissertation, we will attempt to interfere with participants’ ability to learn from
retrospective confidence during training by affording them hindsight bias repeatedly. We suspect
that repeated experiences of hindsight bias will increase prospective confidence and, ultimately,
increase retrospective confidence (driving retrospective confidence bias) and affect decision

processes for subsequent decisions.
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Role of Affect in the Confidence Cycle. The valence of affect has been shown to inform
retrospective confidence, with positive moods increasing confidence (Ifcher & Zarghamee, 2014;
Koellinger & Treffers, 2015) and negative moods decreasing confidence (Culot et al., 2021).
Positive moods have also been associated with greater self-efficacy (see Lyubomirsky et al.,
2005) and increased prospective confidence for laboratory tasks (Wright & Mischel, 1982).
However, these studies have been limited to investigating incidental affect. In Study 2, we will
investigate the role of anticipatory affect during training on how people learn confidence. To the
extent that prospective confidence reflects prior successes and failures, affect may play a crucial
role in the indexing of experience, storage, and retrieval of previous experiences. Lebreton and
colleagues (2015) found that the ventromedial prefrontal cortex (PFC) automatically integrates
retrospective confidence in encoding values of choices, and multiple functional MRI studies
have suggested that prospective confidence is associated with activity in the medial prefrontal
cortex (Modirrousta & Fellows, 2008; Schnyer et al., 2004). Given the involvement of the medial
PFC in prospective confidence, affective responses following perceived failures and successes
may be critical for learning confidence in a task (Bechara & Damasio, 2005; Damasio, 1994).
Additionally, experienced emotions at the time of forming prospective confidence judgments

may influence what experiences are recalled to inform the confidence judgment (Bower, 1981).

Hindsight Bias and Confidence

In the early 90’s, many physicians who regularly conducted right-heart catheterizations felt that
it was unnecessary to continue performing right-heart catheterizations on critically ill patients.
They felt that, with all their experience, they could accurately estimate the results by observing
the patient and through less invasive means, making the procedure more harmful than it was

worth for critically ill patients. Dawson and colleagues (1993) investigated whether the
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physicians’ confidence was warranted and found that more experienced physicians felt more
confident in their predictions of right-heart catheterization results. However, they showed that
retrospective confidence and experience, while positively related to each other, were both
unrelated to accuracy in the predictions. The authors speculated that the effect was due to the
knew-it-all-along effect of hindsight and getting outcome information without having predicted
the results (in practice, physicians do not state predictions about results before testing). The
authors suggested that repeated experiences of hindsight bias had disassociated confidence and
accuracy. A possible mechanism would be that physicians, without having made predictions, felt
that their prior estimates would have been accurate if they had been made. The outcome
information was therefore spuriously positive and increased physicians’ confidence in their
ability to predict outcomes without any real indication of their ability to predict the outcome.
This example, documented by Dawson and colleagues (1993), illuminates the potential pitfalls of
repeated hindsight experiences for prospective confidence and retrospective confidence.
However, physicians’ prospective confidence in predicting these results was not assessed
(although anecdotally, prospective confidence was generally high), and the role of hindsight bias
was speculative. Nonetheless, this case demonstrates the potential consequences of repeated
hindsight experiences and suggests the need for a more longitudinal study of hindsight and
confidence. The causal relation between repeated hindsight experiences with prospective and
retrospective confidence is the primary focus of this dissertation. Further, the relationship

between the amount of experience in hindsight and confidence will also be investigated.

To our knowledge, the assumption that hindsight bias increases confidence for subsequent tasks
is common but has not been directly investigated. For example, Hawkins and Hastie (1990, p.

315) assert that hindsight effects “undoubtedly contribute to overconfidence.” They reasoned that
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if people feel that they would have known an answer or outcome, they would fail to learn from
uncertain outcomes and become more confident in their ability and knowledge. Consistently,
Bukszar and Connolly (1988) suggested that hindsight bias was a hindrance to learning. In a
study of MBA students predicting first-year investment outcomes, some students were shown the
outcome but asked to ignore it when forming their own predictions. MBA students failed to
disregard the outcome information but nonetheless judged their decision process as adequate,
seeing no need to adjust their approach. However, Bukszar and Connolly (1988) did not assess
students’ confidence in their ability to predict investment returns in the future, nor did they
assess retrospective confidence for subsequent, related decisions. It is important to note that
outcome information does not solely bias people’s judgment of the predictability of outcomes.
Hoch and Loewenstein (1989) found that feedback, despite increasing people’s confidence that
they would have been correct in hindsight, also facilitated people's learning to discriminate

between easy and difficult problems.

There is causal evidence that hindsight bias increases confidence in previously given answers
(Fischhoff, 1975; Winman et al., 1998) and may increase efficacy beliefs when predictions are
confirmed (Bradfield & Wells, 2005). Bradfield and Wells (2005) found that after knowing an
answer, participants whose predictions had been confirmed distorted their reports of their
certainty about the answer, the quality of their evidence, and the length of time it took them to
decide. The same participants also reported being better at related tasks. These findings suggest
that people may distort their beliefs about their abilities based on hindsight memory distortions
that lead them to believe that they knew it all along and, ultimately, may increase their
prospective confidence. However, this study involved participants making a prediction and then

being given feedback. It is also possible that the increase in efficacy beliefs was not due to the
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hindsight bias but rather to the informative positive feedback (Hoch & Loewenstein, 1989). In
contrast, we will investigate hindsight in experiences for which people do not make predictions
before learning the true answer. Another gap in the hindsight and confidence literature concerns
how durable any confidence increases are. In Study 1, we will investigate the durability of
hindsight effects on confidence by eliciting prospective confidence judgments from participants

in a one-week follow-up session.

There is no dearth of research suggesting that confidence and other metacognitions are important
factors in whether people experience hindsight bias. Winman and colleagues (1998) found that
hindsight bias is stronger in tasks for which people tend to be overconfident—that is, difficult
ones. Surprise appears to counteract hindsight bias (Hoch & Loewenstein, 1989). When the
correct answer is surprising to people, they are less likely to experience hindsight bias.
Processing fluency of the correct answer may also contribute to hindsight bias (Werth & Strack,
2003). When people process the correct answer more fluently, they may erroneously feel it is
more familiar and feel that they knew it all along. The influence of fluency suggests that there
may be a difference in hindsight bias between people who make a prediction and then receive
outcome information and those who immediately receive outcome information without a

prediction.

Confidence and other metacognitions have been shown to be important determinants of when
hindsight bias occurs (Hoch & Loewenstein, 1989; Werth & Strack, 2003; Winman et al., 1998).
When people make a prediction that is confirmed by feedback, people also experience hindsight

bias, which may increase efficacy beliefs (Bradfield & Wells, 2005). However, hindsight in the

absence of any predictions has only been speculated to increase prospective confidence and

retrospective confidence for subsequent similar tasks (e.g., Dawson et al., 1993). Additionally,
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the cumulative effects of hindsight bias have also only been speculated. It is possible that when

people see an outcome, without having predicted it ahead of time, they will experience hindsight

and feel good as if they had been successful. If successes increase self-efficacy and prospective

confidence (Bandura, 1977), then their confidence, both prospective and retrospective, will
increase without opportunities to improve accuracy. Study 1 seeks to expand on the hindsight

and confidence literature in three ways. The first is to investigate if seeing correct answers

without having made a prediction increases prospective confidence and retrospective confidence

for subsequent decisions. Thus, we test the explanation of physicians’ overconfidence in their

ability to predict right-heart catheterization outcomes proposed by Dawson and colleagues

(1993). The second is to investigate if a greater amount of experience in hindsight further inflates

confidence. This research aim is based on the finding that experience was associated with
confidence, despite neither being associated with accuracy (Dawson et al., 1993). Thirdly, we
will investigate if repeated hindsight experience disassociates retrospective confidence and
accuracy—reducing confidence sensitivity. We are also interested in how repeated hindsight

experiences affect subsequent decision making.

Hindsight Bias and The Confidence Cycle

In the following chapters, we manipulate whether people experience hindsight bias to examine
paths A, C, and D of the proposed Confidence Cycle (see Figure 1.1). We will attempt to
manipulate prospective confidence through repeated hindsight bias. When people experience
hindsight bias, they often report greater confidence in how they would have performed
(Fischhoff, 1975, 2007; Hoch & Loewenstein, 1989; Winman et al., 1998)—a phantom
retrospective confidence. We expect this phantom retrospective confidence to act similarly to

retrospective confidence experienced following a decision in foresight (we investigate this

35



mechanism in the pilot studies but not in Studies 1 and 2). Consistently, we expect hindsight bias
to increase prospective confidence, particularly when there are repeated hindsight experiences.
By manipulating prospective confidence, we can investigate the effects of prospective

confidence on decision processes (path A) and retrospective confidence judgments (path C).

As part of the present dissertation, we are also interested in #ow people learn confidence from
experience (path D). Functional MRI studies have suggested that prospective confidence is
associated with activity in the medial prefrontal cortex (PFC; Modirrousta & Fellows, 2008;
Schnyer et al., 2004)—a region that Euston and colleagues (2012) suggest learns and stores
associations between events, context, locations, and corresponding emotional responses. Because
activity in the medial PFC is related to emotional associations, emotional responses may mediate
the effect of performance feedback on efficacy beliefs and prospective confidence. Emotional
responses may be necessary for people to learn and update their confidence. Just as people use
affect to inform risk and benefit perceptions (Finucane et al., 2000; Peters et al., 20006), affect
may inform confidence judgments, particularly prospective judgments. We propose a hypothesis
similar to the somatic marker hypothesis (see Bechara & Damasio, 2005; Damasio et al., 1996):
As people gain experience in a task, they have affective responses to the task based on their
performance or perceived performance (as informed by objective feedback and confidence).
Over time, affective responses are indexed and associated with the task. When a person faces a
similar task, they experience anticipatory affect that informs their prospective confidence and
guides their interaction with the task. Supporting the idea that affect may be involved in learning
confidence and informing prospective confidence is that physiological responses associated with
affective arousal (i.e., electrodermal activity [EDA]) tend to fluctuate when students see a

difficult problem and receive feedback (Fritz et al., 2014; Horvers et al., 2021; Malmberg et al.,
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2019; Wampfler et al., 2019). Interestingly, hindsight might dampen affective responses
compared to foresight by mitigating surprise (Mellers et al., 2014). Thus, by affording
participants hindsight bias, we might be able to investigate the role of emotions in learning

confidence. We will explore the role of affect in learning confidence from experience in Study 2.

Very little research has investigated how confidence is learned over time. Sanchez and Dunning
(2018) found that a little experience quickly increased confidence for a novel task (a “beginner’s
bubble”) and that this surge in confidence was accompanied by incorrect lay theories of how to
best approach the task. In later trials, feedback often disconfirmed and refined these theories, and
confidence leveled off while ability improved. When participants are given feedback, they still
quickly gain confidence, however, that confidence is tempered by feedback in later trials,
suggesting that the amount of experience is important for learning about confidence with
feedback. We suspect that when outcome information is provided without a prediction, hindsight
bias will prevent later outcomes from attenuating the increase in confidence, since participants

will feel that they knew the answer all along.

General Hypotheses

Overconfidence is sometimes thought to be a consequence of cumulative hindsight-bias effects
(e.g., Dawson et al., 1993). However, their objective causal relation has gone largely unstudied,
particularly when predictions are not made before feedback. We hypothesized that when people
see an outcome, without having predicted it ahead of time, they will experience hindsight and
feel as if they had been successful; this is the prototypical hindsight hypothesis. If successes
increase confidence (Bandura, 1997), then their confidence will increase without opportunities to

improve accuracy. The association between more experience and greater confidence (e.g.,
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physicians with more years of experience; Dawson et al., 1993) suggests—and we hypothesize—

that experiencing hindsight more often will cause even greater confidence.

General Hypothesis 1 and 2 (GHI and GH2): We propose that having repeated hindsight
experiences vs experiences in foresight without feedback will cause, on a subsequent,
related task, increased efficacy beliefs and prospective confidence (GH1) and, in turn,

greater retrospective confidence (GH2).

General Hypothesis 3 and 4 (GH3 and GH4): We propose that having more vs fewer
hindsight experiences will cause, on the subsequent related task, increased efficacy
beliefs and prospective confidence (GH3) and, in turn, greater retrospective confidence

(GH4).

General Hypothesis 5 (GHS5): We further propose that increases in prospective
confidence will motivate/demotivate deliberation on subsequent decisions, made apparent

through changes in response times.

General Hypothesis 6 (GH6): We also hypothesize that affective responses to
known/judged correct and incorrect answers during training will predict changes in

prospective confidence.

General Research Question 1: We will investigate if repeated hindsight experience

reduces the sensitivity of subsequent retrospective confidence to decision accuracy.

General Research Question 2: Because individuals with higher metacognitive awareness
tend to be less overconfident (Stankov & Lee, 2008), we investigate metacognitive

awareness as a potential moderator of the effects of hindsight bias on confidence and the
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effects of emotional responses in learning confidence.

The Present Dissertation

When people look back, they often overestimate the extent to which they could have known an
outcome or answer that they now know. Put differently, people are overconfident that they would
have been correct when they know outcome information relative to their confidence when
outcome information is unknown (Fischhoff, 1975; Winman et al., 1998). Although hindsight
bias is often evaluated as a retrospective judgment of how a person would have performed

(similar to retrospective confidence), the link between hindsight bias and confidence for

subsequent, related tasks has been little evaluated, with no definitive evidence published about

their causal relationship to the best of my knowledge. This gap is problematic because hindsight

bias may influence Zow people make similar decisions in the future through changes in
prospective confidence and efficacy beliefs. For example, prospective confidence may motivate
persistence and more deliberative processing (Peters & Shoots-Reinhard, 2022). In addition,
changes to prospective confidence may further influence retrospective confidence in subsequent

tasks.

The goals of the present dissertation are to: 1) provide evidence of the causal relationship

between hindsight bias and increases in both prospective and retrospective confidence, 2) study

how the amount of hindsight experience can affect changes in confidence, 3) begin to understand

the consequences of elevated confidence due to hindsight bias on decision processes, and 4)

investigate possible emotional processes underlying how people learn confidence from

experiences.
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The present research is novel for a couple of reasons. First, prior research has not empirically
shown a causal link between hindsight bias and effects on subsequent decision making and
confidence. We seek to test the longstanding speculation that hindsight causes overconfidence
for subsequent decisions (e.g., Dawson et al., 1993). Secondly, the role of prospective confidence
and self-efficacy in decision making has largely been studied in perceptual decision tasks (e.g.,
Van Marcke et al., 2024; Boldt et al., 2019) or the cumulative effects of many decisions (e.g.,
Peters et al., 2019). We seek to investigate the role of prospective confidence on decision making
and retrospective confidence at the level of an individual decision and to extend beyond
perceptual tasks. Lastly, we seek to investigate the role of affect in learning confidence. Prior
research has limited the study of affect informing confidence to incidental sources (e.g., Fieker et
al., 2016; Koellinger & Treffers, 2015). We investigate affect as a critical part in how people

learn how good/bad they are at a task.

To foreshadow our results, we find mixed support for hindsight bias increasing prospective and
retrospective confidence relative to foresight. Despite confirmation of experienced hindsight bias
(hindsight participants believing they would have answered more questions correctly than
foresight participants actually answered correctly), participants’ confidence did not increase
following hindsight bias, regardless of the amount of training (Study 1). This pattern of results

challenges the speculation that hindsight bias causes overconfidence. We further find that

prospective confidence informs retrospective confidence judgments (Study 1), and the relation of
prospective and retrospective confidence holds even while controlling for other sources of
retrospective confidence (e.g., response times). Cognitive modeling suggests that hindsight bias
and prospective confidence may affect the rate of evidence accumulation and cautiousness in

decision making (Study 2). Thus, prospective confidence appears to play a critical role in
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subsequent decision processes and retrospective confidence judgments. Finally, we found that

affective responses in training are associated with prospective confidence for subsequent

decisions and appear to be important predictors of confidence sensitivity and calibration (Study

2). Specifically, more positive affective responses to positive feedback appeared to increase
prospective confidence. In addition, more negative affective responses to negative feedback

appeared to lower subsequent retrospective confidence judgments when incorrect.
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II: PILOT STUDIES

In preparation for this dissertation, we conducted three pilot studies. Each of the three pilot
studies attempted to manipulate prospective confidence through three types of training
experiences: foresight, foresight with feedback, and hindsight. In the foresight condition,
participants answered a set of questions and were never given any outcome information. In the
foresight-with-feedback condition, participants answered the same set of questions but were then
told the correct answer. In effect, this training experience replicates when people make a
prediction and then are told the correct answer. Hindsight may have occurred to some degree
(particularly when the answer was confirmed; Bradfield & Wells, 2005), but participants also
received information about their performance and ability at the task (Hoch & Loewenstein,
1989). This condition acts as a control for both the foresight condition—in that participants
actually answer the questions—and the hindsight condition—in that participants learn what the
correct answer is. In the hindsight condition, participants were immediately told the correct
answers to the same set of questions and asked what they would have picked. This condition was
most similar to that of the physicians performing right-heart catheterization (Dawson et al.,
1993) in that participants never made a prediction but received outcome information. The goals
of the pilot studies were to investigate if we could manipulate prospective confidence for a novel
math decision task by manipulating how participants gain experience and to develop stimuli for

Study 1 and Study 2.

Pilot Study 1

The first was an online pilot using Amazon’s Mechanical Turk (N = 192). The goal of this first
pilot was to test whether repeated experiences with a novel math task could affect prospective
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confidence. We chose to specifically use math because of the availability of existing measures of
numeric ability (e.g., Silverstein et al., 2023). We expected that our hindsight condition would
cause participants to report that they would have been more accurate than participants actually
were accurate in the foresight condition. Further, we hypothesized that repeated hindsight
experiences in the hindsight condition would increase prospective confidence relative to the

foresight condition (GH1).

Method

Procedure

Participants were asked to decide which of two math expressions was larger (see Figure 2.1 for
an example choice). Participants were randomly assigned to gain experience in this task in one of
three conditions: foresight (N = 63), foresight with feedback (N = 66), and hindsight (N = 63).
All participants saw the same 15 expression pairs in a training session, with each pair shown for

5 seconds. In the foresight condition, participants were shown the expression pairs and were

asked to indicate the larger value to the best of their ability (the correct answers were never

indicated).

A B
OR
12% of $81 31% of $37

Figure 2.1 Example of a choice between two expressions. Participants had 5 seconds to
determine the larger expression.
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In the foresight-with-feedback condition, participants were shown the expression pairs and were

asked to indicate the larger value to the best of their ability, and, after each trial, they were
shown the correct response by circling the larger expression in red (see Figure 2.2). In the

hindsight condition, the larger expression was circled in red immediately, and participants were

asked to indicate which option they would have picked as the larger expression had the answer
not been indicated. After the training trials, participants were asked to indicate their retrospective

confidence for the training and their prospective confidence for similar trials.

A B

O

12% of $81 31% of S37

Figure 2.2. Example of a choice between two expressions with the larger expression indicated.
This screen was shown in foresight-with-feedback trials after each participant's response and
was shown in hindsight trials immediately and before they indicated which option they would
have chosen.

Measures

Choices. As a manipulation check, we summed the number of correct responses in the 15
training trials for the foresight and foresight-with-feedback conditions, as well as the number of
responses participants indicated they would have been correct in the hindsight condition to assess

if we produced a hindsight bias. Hindsight bias was confirmed if participants indicated the
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correct answer more often in the hindsight condition than in the foresight condition (Hoch &

Loewenstein, 1989).

Retrospective Training Confidence. As another manipulation check and following the training
trials that featured the manipulation, participants were asked to indicate how many of the trials
they believed they answered (“How many of the 15 training trials do you think you answered
correctly;” in the foresight and foresight-with-feedback conditions) or would have answered
correctly (“How many of the 15 training trials do you think you would have answered correctly;”
in the hindsight condition) as a retrospective judgment of performance (Schraw, 2009).
Participants indicated their confidence using a slider from 0 to 15. If participants in the hindsight
condition reported greater confidence in how they would have performed compared to
participants' retrospective confidence in how they actually performed in the foresight condition,

it further suggested a successful hindsight manipulation (Fischhoff, 1975; Hoch & Loewenstein,

1989).

Prospective Confidence. Participants were asked to give a prospective judgment of
performance, “If you were to now complete 45 more trials without being given the answers, how
many trials do you think you would answer correctly?” Participants indicated their confidence

using a slider from 0 to 45.

Results and Discussion

Hindsight Manipulation Checks—Choices and Training Retrospective Confidence.

Participants in the hindsight condition (M = 12.19, SD = 2.81) indicated that they would have
picked the correct answer more often than participants in the foresight (M = 8.98, SD = 1.97,
Prukey < .001, d = 1.35) and foresight-with-feedback conditions (M = 9.88, SD = 2.26, prukey <
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001, d = 0.98) actually picked the correct answer (F(2, 189) = 30.82, p <.001, ° = .25).
Participants in the foresight and foresight-with-feedback conditions did not differ significantly in

their accuracy (p = .08, d = 0.38). See Figure 2.3.

Number Indicated Correct
©
|

[ I 1
Foresight Foresight With Feedback Hindsight

Condition

Figure 2.3. Participants’ accuracy by training condition. In the hindsight condition, accuracy
was determined by whether participants indicated they would have picked the correct
expression. Error bars represent 95% confidence intervals.

As expected, participants in the hindsight condition (M = 9.79, SD = 2.82) indicated greater
retrospective confidence in how they would have performed compared to participants’
retrospective confidence in how they performed in the foresight condition (M = 7.49, SD = 2.69,
Pprukey < .001, d = 0.82). Participants in the foresight-with-feedback condition (M = 9.33, SD =
2.82) also indicated greater confidence in their ability retrospectively than participants in the
foresight condition (prukey < .001, d = 0.66, F(2, 189) = 11.98, p <.001, #° = .11). Participants in
the hindsight and foresight-with-feedback conditions did not significantly differ in their training
retrospective confidence (p = .62, d = 0.17). See Figure 2.4. The results for both participants'
choices and training retrospective confidence suggest that our novel paradigm did produce
repeated hindsight bias among participants in the hindsight condition, consistent with previous

findings (Fischhoff, 2007; Hoch & Loewenstein, 1989). Relative to participants in the foresight
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condition, participants in the hindsight condition chose the correct answer more often and

reported greater retrospective confidence.

Retrospective Confidence
\‘
|

[ | 1
Foresight Foresight With Feedback Hindsight

Condition

Figure 2.4. Training retrospective confidence by training condition. Error bars represent 95%
confidence intervals.

Hindsight and Prospective Confidence. As hypothesized (GH1), participants in the hindsight
condition (M = 27.54, SD = 7.86) indicated greater confidence in their ability prospectively than
participants in the foresight condition (M = 23.46, SD = 8.97, prukey = .02, d = 0.49). Participants
in the foresight-with-feedback condition (M = 29.17, SD = 8.39) also indicated greater
prospective confidence than participants in the foresight condition (prukey < .001, d = 0.68, F(2,
189) = 7.81, p <.001, ° = .08). Participants in the hindsight and foresight-with-feedback
conditions did not significantly differ in their prospective confidence (p = .52, d = 0.19). See

Figure 2.5. This finding is novel and supports the speculation of Dawson and colleagues (1993).
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Figure 2.5. Prospective confidence by training condition. Error bars represent 95% confidence
intervals.

Pilot Study 1 Summary

The hindsight manipulation sought to afford participants repeated hindsight experiences. As we
hoped, participants did appear to experience hindsight bias in the hindsight condition. Relative to
participants in the foresight condition, participants in the hindsight condition chose the correct
answer more often and reported greater training retrospective confidence consistent with past
hindsight experiments (e.g., Hoch & Loewenstein, 1989). Additionally, repeated hindsight
experiences elevated participants’ respective confidence relative to the foresight condition
(GHI). The increase in prospective confidence is consistent with retrospective confidence’s
function in learning prospective confidence as detailed in the Confidence Cycle (see Chapter 1
for more information). These findings go beyond the findings of Bradfield and Wells (2005)—
which suggested that hindsight bias following a prediction’s confirmation increases efficacy

beliefs—because participants in the hindsight condition made no predictions to be confirmed or
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rejected. As such, the outcome information in the hindsight condition was spurious as to whether
participants would have been accurate and is not inherently informative about participants’
abilities. It also directly tests the hypothesized causal relationship between repeated hindsight
experiences and prospective confidence speculated by Dawson and colleagues (1993). However,
this pilot did not assess whether repeated hindsight experiences would 1) bias subsequent
retrospective confidence judgments (GH2) or 2) influence decision processes in similar,
subsequent choices (GH5). Nor did it vary the amount of experience to investigate the effects of
more or less hindsight experiences on prospective confidence and retrospective confidence (GH3
and GH4). In Pilot 2, we begin to test whether our methodology is capable of assessing our

hypothesis regarding subsequent decisions (GH2 and GHS).

Pilot Study 2

The primary goal of this pilot was to assess whether the same stimuli would be effective for an
in-person student sample. An in-person sample will be necessary for the collection of
physiological data and clean response time data for cognitive modeling as part of Study 2. A
secondary goal of this study was to explore the effects of hindsight-induced prospective
confidence on decision-making processes and trial-by-trial retrospective confidence for
subsequent decisions. We expected that our hindsight condition would cause a hindsight bias
relative to the foresight condition. We hypothesized that repeated hindsight experiences in the
hindsight condition would increase prospective confidence relative to the foresight condition
(GHI). We expected that hindsight-induced increases in prospective confidence would cause
changes in participants’ response times (GHS5) for similar trials and increase trial-by-trial
retrospective confidence (GH2). We were interested in how the sensitivity of trial-by-trial

retrospective confidence would be impacted by the hindsight condition (GRQ1). We also
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explored how prospective confidence, response times, objective accuracy, and numeracy
predicted trial-by-trial retrospective confidence. We expected retrospective confidence to be
greater for correct responses than incorrect responses (Ariely et al., 2000). We expected that
numeracy might interact with accuracy, given previous findings that confidence relies on the
same evidence accumulation and ability as decisions (Dunning et al., 2003; Pleskac &
Busemeyer, 2010). Longer response times were expected to be associated with less retrospective

confidence (Pleskac & Busemeyer, 2010).

Method

Procedure

The second pilot was in person, using the PsychLing Subject Pool at the UO (N = 100 students).
First, all participants completed baseline measures of numeracy and subjective numeracy. Then,
participants were asked to decide which of two math expressions was larger, similar to Pilot
Study 1. Participants were randomly assigned to gain experience in this task in one of three
ways: foresight (N = 34), foresight with feedback (N = 33), and hindsight (N = 33). As in Pilot
Study 1, all participants saw the same 15 expression pairs in this training session, with each pair
shown for 5 seconds. In the foresight condition, participants were shown the expression pairs and
were asked to indicate the larger-value expression to the best of their ability (the correct answers

were never indicated). In the foresight-with-feedback condition, participants were shown the

expression pairs and were asked to indicate the larger-value expression to the best of their ability,
and, after each trial, they were shown the correct response by circling the larger expression in

red. In the Aindsight condition, the larger expression was circled in red immediately, and
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participants were asked to indicate which option they would have picked as the larger expression

had the answer not been indicated.

After the training trials, participants completed measures of training retrospective confidence and
prospective confidence for the trials. Then, all participants completed 45 test trials without any
feedback. Following each trial, participants were asked to indicate their confidence in their

immediately prior answer as a measure of trial-by-trial retrospective confidence.

Measures

Objective Numeracy. Numeracy was assessed using the Adaptive Numeric Understanding
Measure, a measure that requires each participant to complete four math items that vary based on
the participant’s performance (Silverstein et al., 2023). All participants saw the same initial item:
“Imagine that you have a 5-sided die (the sides of which show 1, 2, 3, 4, and 5), and we throw it
150 times. On average, out of these 150 throws how many times would this 5-sided die show an
odd number (1, 3,and 5)?  throws.” Ultimately, the measure categorized participants into

nine levels of numeracy.

Subjective Numeracy. This 8-item measure from Fagerlin and colleagues (2007) has 2
subscales: numeric confidence (e.g., ‘How good are you at working with fractions?’) and
preference for numeric information (e.g., ‘How often do you find numerical information to be
useful?’). Participants responded on 6-point Likert-type scales. Subjective numeracy was
calculated as an average of all items. Numeric self-efficacy was calculated as the average of the

first 4 items, and numeric preference as the average of the last 4 items.
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Training Retrospective Confidence. After the training trials, participants were asked to indicate
how many of the trials they believed that they answered/would have answered correctly, as a
measure of training retrospective confidence. Participants in the foresight and foresight-with-
feedback conditions were asked, “How many of the training trials do you think you got correct?”
Participants in the hindsight condition were asked, “How many of the training trials do you think
you would have gotten correct?” Participants responded using a slider from 0-15. This question
was used as a manipulation check to ensure that the hindsight condition induced a hindsight bias.
If participants in the hindsight condition reported greater confidence in how they would have
performed compared to participants' retrospective confidence in how they actually performed in
the foresight condition, it suggested a successful hindsight manipulation (Fischhoff, 1975; Hoch

& Loewenstein, 1989).

Prospective Confidence. Similar to Boldt and colleagues (2019), participants were asked to
indicate their prospective confidence for the 45 test trials. They were asked, “Before you get
started, how many of the following 45 trials do you think that you will answer correctly?”
Participants responded using a slider from 0-45. For regression analyses, the value provided was
transformed into a proportion by dividing the value by 45. This transformation was done so that

prospective confidence and trial-by-trial retrospective confidence would be on the same scale.

Trials-By-Trial Retrospective Confidence. Following each trial, participants were asked to
indicate their confidence in their immediately prior answer on a 0 (Certain Incorrect) to 100
(Certain Correct) scale as a measure of trial-by-trial retrospective confidence. Participants were
asked, “How confident are you in your previous answer?” They were instructed on how to use
the slider: “Please use the slider below to indicate your belief of the probability that you are

correct. For example, if you know that you didn’t respond in time and are certain you are
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incorrect you would indicate 0 on the slider. If you completely guessed and have no clue, you

would indicate 50 on the slider.” The value provided was treated as a proportion of 100.

Results and Discussion

Manipulation Check-Training Retrospective Confidence. Unlike in Pilot Study 1 and counter
to what was expected, participants’ retrospective confidence for the 15 training trials did not
significantly differ by training condition, F(2, 97) = 1.97, p = .15, n° = .04. See Table 2.1. One
reason for this effect may be that the problems were too difficult, causing a floor effect. Another
reason could be that the sample was too small. Supporting this second reason, the effect was in

the same direction as in Pilot Study 1.

Descriptives — Training Retrospective Confidence
Mean

Condition N (out of 15) SD SE
Foresight with Feedback 33 7.242  2.634 0.459
Foresight 34 6.147 1987 0.341
Hindsight 33 7242  3.123 0.544

Table 2.1. Descriptive statistics of training retrospective confidence by training condition

Trials Prospective Confidence. Also unlike Pilot Study 1, participants’ prospective confidence
for the 45 test trials did not significantly differ by training condition, F(2, 97) = 2.55, p = .08, 5’

= .05. See Table 2.2.

Descriptives — Post-Training Trials Prospective Confidence
Mean

Condition N (out of 45) SD SE
Foresight with Feedback 33 21.424  8.109 1.412
Foresight 34 17.176 ~ 8.159  1.399
Hindsight 33 20.818  8.777  1.528

Table 2.2. Descriptive statistics of prospective confidence by training condition
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Prospective Confidence and Response Times. Given that there were no significant condition
differences in prospective confidence, we turned to a correlation exploration of the relation
between prospective confidence and response times. A hierarchical linear regression was fitted
predicting response times in the trials by participants’ prospective confidence with random
intercepts for each participant and each expression pair. Consistent with findings from Boldt and
colleagues (2019) and our hypotheses, participants who reported greater prospective confidence
tended to respond more slowly (b = 0.04, p = .02). See Figure 2.6. This association suggests that
prospective confidence may have motivated more deliberation when answering the 45 test trials.
Hindsight-induced increases in prospective confidence may similarly increase deliberation

(GHS).
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Figure 2.6. Predicted marginal effect of prospective confidence on trial-by-trial response times

Prospective Confidence and Trial-by-Trial Retrospective Confidence. Hierarchical linear

regression was fitted to predict trial-by-trial retrospective confidence with participants’
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prospective confidence and random intercepts for each participant and each expression pair.
Participants who reported greater prospective confidence tended to be more confident in their
answers (b =2.67, p =.008). See Figure 2.7. This association is consistent with the Confidence
Cycle and the function of prospective confidence in informing retrospective confidence
(Ehrlinger & Dunning, 2003). Although not a direct test of GH2—that hindsight-induced
increases in prospective confidence would increase trial-by-trial retrospective confidence—, this
finding suggests that repeated hindsight experience could inflate confidence for subsequent,

similar tasks.

70-

Retrospective Confidence

0.00 025 0.50 075
Prospective Confidence

Figure 2.7. Predicted marginal effect of prospective confidence on trial-by-trial retrospective
confidence

It is plausible that participants with greater prospective confidence had greater retrospective
confidence because they were actually correct more often. To investigate whether accuracy can
explain the relation between prospective and retrospective confidence, another hierarchical linear

regression was fitted predicting trial-by-trial retrospective confidence by participants’
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prospective confidence, controlling for trial-by-trial accuracy with random intercepts for each
participant and each expression pair. Participants who reported greater prospective confidence
tended to be more confident in their answers (b = 2.40, p = .02), and participants also tended to
be more confident in their answers when they were correct v. incorrect (b = 9.20, p <.001). See

Figure 2.8.
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Figure 2.8. Predicted marginal effects of prospective confidence and trial-by-trial accuracy on
trial-by-trial retrospective confidence

To explore what else predicts trial-by-trial retrospective confidence, a final hierarchical linear
regression was fitted predicting trial-by-trial retrospective confidence with participants’
prospective confidence (standardized), response times (log-transformed and standardized), trial-
by-trial accuracy, numeracy (standardized), interactions of these variables, and random intercepts
for each participant and each expression pair. Given the exploratory nature of this analysis, we
then pared down the model to remove non-significant, higher-order interactions. Prospective
confidence appeared to interact with response times (b = -1.04, p = .001), such that prospective

confidence appears to inform retrospective confidence (consistent with prospective confidence
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informing retrospective confidence and the proposed Confidence Cycle); however, the weight of
prospective confidence in retrospective confidence was reduced when the decision took longer.
This interaction appears to be consistent with Koriat (2007), who suggested that retrospective
confidence was informed by multiple heuristic cues. See Figure 2.9. Additionally, accuracy
appeared to interact with numeracy (b = -2.56, p <.001), such that highly numerate participants’
retrospective confidence was more sensitive to their accuracy, whereas the less numerate had
about equally low confidence after a trial whether they answered it correctly or not. See Figure

2.10.
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Figure 2.9. Predicted marginal effects of prospective confidence and trial-by-trial response
times on trial-by-trial retrospective confidence
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Figure 2.10. Predicted marginal effects of numeracy and trial-by-trial accuracy on trial-by-trial
retrospective confidence

Pilot Study 2 Summary

The hindsight manipulation was not significant in this pilot. One reason might be that the
expression pairs were very difficult for an undergraduate psychology and linguistics student
population. Another reason may be that Pilot 2 was underpowered to find significant differences.
Consistent with the latter explanation, the effect of hindsight was in the predicted direction.
Nonetheless, we reasoned that we could increase the effect of the manipulation in the next pilot
study by making the items easier and increasing the number of training trials. Consistent with
Boldt and colleagues (2019), greater prospective confidence was associated with slower decision
making. This association could suggest that more confident participants were motivated to
deliberate for longer. However, we cannot conclude that prospective confidence caused slower
decision making due to the correlational nature of the variables. Nor can we conclude that the
nature of the relation between prospective confidence and response times will be the same
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following repeated hindsight experiences. This finding is consistent with the Confidence Cycle
and the function of prospective confidence in motivating deliberation. It is inconsistent with
findings that suggest prospective confidence might demotivate deliberation (Alter et al., 2007,
Bandura & Jourden, 1991; Dutilh et al., 2012; Vancouver et al., 2002). If this pattern holds for
hindsight-induced increases in prospective confidence, it suggests that hindsight causes people to
deliberate more. For people high in ability, increased confidence may benefit them (Peters,
Tompkins, et al., 2019). However, for those lower in ability, increasing confidence may be

detrimental.

Numeracy related to recognizing correct responses in retrospective confidence judgments. This
finding is consistent with the idea that confidence and choice are based on the same evidence
accumulation processes and skills (Kruger & Dunning, 1999; Pleskac & Busemeyer, 2010). As
expected, prospective confidence appeared to inform retrospective confidence judgments,
particularly for quick decisions. When decisions took longer, time may have acted as a heuristic
cue for difficulty, leading people to reduce their confidence (Koriat, 2007; Pleskac &
Busemeyer, 2010). This additional cue appeared to have “watered down” the informational value
of prospective confidence. Due to the failure of the training manipulation to change prospective
confidence, we cannot speak to the causal relationship between prospective and retrospective
confidence. However, the correlational relation between prospective and retrospective

confidence is consistent with the Confidence Cycle and the functions of prospective confidence.

Pilot Study 3

We hypothesized that the effects of hindsight on prospective confidence and retrospective

confidence in subsequent decisions would increase with more experience (GH3 and GH4).
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Additionally, we sought to make the stimuli easier than in Pilots 1 and 2 to improve the power of
the manipulation. Consistently, intending to increase power, we collected a larger sample in this
final pilot. Thus, the goal of the third pilot study was to identify stimuli to use for the proposed
studies and determine training phase lengths. The trials used in this pilot were all easier than
those used in Pilots 1 and 2, despite varying in difficulty as an experimental condition. Two
questions remain: 1) Should we use easy or hard trials in the later dissertation studies, and 2)

does a longer training phase length increase confidence over a shorter length (GH3 and GH4)?

Method

We ran an online study using Amazon’s Mechanical Turk (N = 309). As in Pilot Studies 1 and 2,
participants were asked to decide which of two math expressions was larger. First, participants
completed a measure of metacognitive awareness. Before the training trials but after the
introduction to the task, participants were asked how many of the training trials they thought
they’d answer correctly as a measure of baseline prospective confidence. Then, they were
randomly assigned to gain experience in this task in one of three ways: foresight (N = 102),
foresight with feedback (N = 104), and hindsight (N = 103). They were also randomly assigned
to see items from one of two sets of expression pairs: difficult items or easy items. Additionally,
participants were randomly assigned to experience either eight or 25 training trials (see Table 2.3
for the full breakdown of the number of participants per condition). Each pair was shown for 5
seconds. In the foresight condition, participants were shown the expression pairs and were asked
to indicate the larger-value expression to the best of their ability (the correct answers were never

indicated). In the foresight-with-feedback condition, participants were shown the expression pairs

and were asked to indicate the larger-value expression to the best of their ability, and, after each

trial, they were shown the correct response by circling the larger expression in red. In the
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hindsight condition, the larger expression was circled in red immediately, and participants were
asked to indicate which option they would have picked as the larger expression had the answer

not been indicated.

Length

Difficulty Condition Long (25) Short (8) Total
Easy (~90%) Foresight 38 21 59
Foresight w/ Feedback 26 27 53

Hindsight 16 28 44

Total 80 76 156

Hard (~70%) Foresight 21 22 43
Foresight w/ Feedback 30 21 51

Hindsight 24 35 59

Total 75 78 153

Total Foresight 59 43 102
Foresight w/ Feedback 56 48 104

Hindsight 40 63 103

Total 155 154 309

Table 2.3. Sample sizes (n) by condition

After the training trials, participants indicated their training retrospective confidence and post-

training prospective confidence for 45 more hypothetical trials.

Measures

Metacognitive Awareness. Participants answer a shortened version of the metacognitive
awareness scale (Schraw & Dennison, 1994). The measure included 18 questions across the
monitoring (e.g., “I consider several alternatives to a problem before I answer”; a =.79),
evaluation (e.g., “I know how well I did once I finish a test”; a = .77), and declarative knowledge

(e.g., “I understand my intellectual strengths and weaknesses”; a = .59) subscales. Participants
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responded on a 5-point Likert scale from Strongly Disagree to Strongly Agree. Items from the

three subscales were averaged together.

Baseline Prospective Confidence. Before the training trials but after the introduction to the task,
participants were asked how many of the training trials they thought they’d answer correctly as a
measure of baseline prospective confidence, “Before you begin the training, how many of the
[8/25] training trials do you think you will answer correctly?” Participants indicated their
confidence using a slider from 0 to 8 or 25, depending on the length condition. The value

provided was transformed into a proportion by dividing the value by the length of the training.

Choices. As a manipulation check, we summed the number of correct responses for the foresight
and foresight-with-feedback conditions, as well as the number of responses participants indicated
they would have given that would have been correct in the hindsight condition and divided the
numbers by the length of the training to assess if we produced a hindsight bias. Hindsight bias
was confirmed if participants indicated they would have picked the correct answer more often in
the hindsight condition than participants selected the correct answer in the foresight condition

(Hoch & Loewenstein, 1989).

Training Retrospective Confidence. As another manipulation check and following the training
trials that featured the manipulations, participants were asked to indicate how many of the trials
they believed they answered correctly (“How many of the [8/25] training trials do you think you
answered correctly;” in the foresight and foresight-with-feedback conditions) or would have
answered correctly (“How many of the [8/25] training trials do you think you would have
answered correctly;” in the hindsight condition) as a retrospective judgment of performance

(Schraw, 2009). Participants indicated their confidence using a slider from 0 to 8 or 25,
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depending on the length condition. If participants in the hindsight condition report greater
confidence in how they would have performed than participants' confidence in how they actually
performed in the foresight condition, it suggests a successful hindsight manipulation (Fischhoff,
1975; Hoch & Loewenstein, 1989). For comparability, the value provided was transformed into a

proportion by dividing the value by the number of training trials.

Post-Training Prospective Confidence. Participants were asked to give a prospective judgment
of performance for 45 hypothetical test trials, “If you were to now complete 45 more trials
without being given the answers, how many trials do you think you would answer correctly?”
Participants indicated their confidence using a slider from 0 to 45. The value provided was

transformed into a proportion by dividing the value by 45.

Training Retrospective Confidence Bias. We calculated participants’ confidence bias for their
training retrospective confidence by taking the difference in their accuracy from their training
retrospective confidence as a measure of over/under-confidence (Yates, 1982). This
operationalization results in a measure between -1 and 1, where positive values indicate

overconfidence and negative values indicate underconfidence.

Results and Discussion

Hindsight Manipulation Check. Length of the training didn’t have a simple effect on the
proportion of correct answers indicated, nor did it interact with the training condition and the
difficulty. This null effect was expected. Even with the amount of hindsight bias proportionately
the same across the lengths, more experiences will result in more spuriously positive experiences
in hindsight. For the easy trials, participants in the hindsight condition (M = 0.93, SD = 0.15) did
not indicate that they would have picked the correct answer more often than participants in the
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foresight condition (M = 0.88, SD = 0.18, d = 0.31, prukey= .63) and foresight-with-feedback
conditions (M = .93, SD = 0.15, d = 0.04, prukey> .99) picked the correct answer. Thus, the

hindsight manipulation check in the easy trials was unsuccessful.

For the hard trials, participants in the hindsight condition (M = 0.86, SD = 0.17) indicated that
they would have picked the correct answer more than participants in the foresight (M = 0.69, SD
=0.16,d = 1.01, prukey< .001) and foresight-with-feedback conditions (M =.74, SD =0.19, d =
0.73, prukey=.002) actually picked the correct answer. The foresight and foresight-with-feedback
conditions did not significantly differ from each other (d = 0.28, prukey=.75; see Figure 2.11).
Thus, given a presumed ceiling effect for the easy items, the harder items appeared better suited
for the hindsight manipulation in our later proposed studies. These results are consistent with
findings that more difficult problems produce stronger hindsight bias (Winman et al., 1998;
Hoch & Loewenstein, 1989). The remaining analyses will focus only on the participants in the

hard conditions.
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Figure 2.11. Participants’ accuracy by training and difficulty conditions. In the hindsight
conditions, accuracy was determined by whether participants indicated they would have picked
the correct expression. Error bars represent 95% confidence intervals.
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Hindsight and Change in Prospective Confidence. The change in prospective confidence was
calculated as the difference between post-training prospective confidence and baseline
prospective confidence. A 3 (training condition) x 2 (training length) ANOVA was run to test for
differences in the change in prospective confidence as a result of the training trials. There was a
significant effect of training condition (F(2, 147) = 6.92, p = .001, ? = .08), such that
participants had a greater increase in prospective confidence in the hindsight (prukey = .02, d =
0.55) and foresight-with-feedback (prukey = .001, d = 0.75) compared to foresight. There was no
significant difference between hindsight and foresight-with-feedback. There was no main effect
of training length (F(1, 147) = 0.51, p = .48, 5° = .003). As expected, there was a significant

interaction between training condition and length (F(2, 147) = 4.47, p = .01, ° = .05).

In the long training phase conditions, participants in the hindsight condition (M = .07, SD = 0.18)
indicated a marginally greater change in prospective confidence than participants in the foresight
condition (M =-0.06, SD = 0.15, prukey = .06, d = 0.85); however, this difference did not attain
significance. Participants in the foresight-with-feedback condition (M = 0.01, SD = .14) did not
indicate a greater change in prospective confidence than participants in the foresight condition
(prukey = .56, d = 0.47). Participants in the hindsight and foresight-with-feedback conditions did
not significantly differ in their prospective confidence change (p = .74, d = 0.38). See Figure

2.12.

In the short training phase conditions, participants in the foresight (M = -0.07, SD = .14) and
hindsight conditions did not differ (M = -0.04, SD = 0.14, prukey = .94, d = 0.25). Participants in
the foresight-with-feedback condition (M = 0.08, SD = 0.10) indicated a greater change in
prospective confidence than participants in the foresight condition (prukey = .01, d = 1.04) and

marginally greater change than participants in the hindsight conditions (prukey = .06, d = 0.79).
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There was no difference in the change in prospective confidence between the long and short
conditions for the foresight conditions (prukey = .99, d = 0.11), nor for the foresight-with-
feedback conditions (prukey = .60, d = 0.46). There was a marginal difference in the change in
prospective confidence between the long and short conditions for the hindsight condition (p7ukey

= .09, d = 0.70).

This pattern of results suggests that, in hindsight, participants in the long condition may have
experienced more spuriously positive outcomes than in the short condition, which inflated their
prospective confidence consistent with GH3. Foresight-with-feedback also increased prospective
confidence relative to foresight, but this effect appears to be more related to the informative
value of the feedback because more experience in foresight-with-feedback and foresight did not

increase confidence beyond the shorter training condition.

0.15 Length

O Long (25)

0.10 1 @ Short (8)

0.05 -

0.00 —

-0.05 -

-0.10 —

-0.15 ~

Change in Prospective Confidence

| I |
Foresight Foresight w/ Feedback  Hindsight

Condition

Figure 2.12. Change in prospective confidence by training and length conditions. Error bars
represent 95% confidence intervals.

Metacognitive Awareness. Metacognitive awareness has previously been shown to be

associated with less overconfidence (Stankov & Lee, 2008). To investigate if that relation holds
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for our task, we predicted training retrospective confidence bias from the training condition
interaction with each subscale of the metacognitive awareness measure in analyses of
covariance. A significant interaction emerged between the evaluation subscale and the training
conditions (F(2, 147) = 3.74, p = .03, #° = .04). There were no significant simple effects or
interactions with either of the other two subscales. In the foresight condition, evaluation reduced
under-confidence. Evaluation, however, was unassociated with bias in the foresight-with-
feedback condition. It is possible that in the foresight-with-feedback condition, all participants
were better calibrated because of the feedback. The hindsight condition cannot be interpreted

meaningfully. See Figure 2.13
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Figure 2.13. The interaction of condition and the evaluation subscale of metacognitive
awareness predicting training retrospective confidence bias. Confidence bands represent 95%
confidence intervals.

67



Pilot Study 3 Summary

The hindsight manipulation was successful in this pilot for the hard items but not for the easy
items. The easy items appeared to have a ceiling effect (across all training conditions, by in
large, participants picked the correct answers), suggesting they were too easy to produce a
hindsight bias. Therefore, the more difficult items were used in the dissertation studies.
Additionally, the longer training phase may have produced a more robust effect of hindsight on
prospective confidence. This effect of length suggests that the amount of experience may matter,
particularly in hindsight. This effect, however, did not attain significance in post hoc analyses,
even though the interaction was significant. This hypothesized (GH3) marginal effect is
consistent with the speculation of Dawson and colleagues (1993) but has not been previously
shown. With a larger sample size, we expect to see a significant difference in the effect of
hindsight by training length, as well as a significant difference between the foresight and
hindsight conditions following 25 training trials. Interestingly, the amount of experience
mattered less for the foresight-with-feedback condition. In fact, there was less of an increase in
prospective confidence directionally following more vs less experience. This pattern could be
because participants experienced an initial surge in confidence that was eventually tempered by
negative feedback with additional trials in the foresight-with-feedback condition. However, in
the hindsight condition, the increase in trials appears to have caused an increase in confidence,
possibly because the outcome is not informative about ability—outcomes are spuriously positive
due to hindsight bias. In the proposed studies, we varied the amount of experience the same way
we did in this pilot since the pattern of results for prospective confidence suggests there is a
meaningful difference between eight and 25 training trials—there appeared to be an increase in

prospective confidence in the hindsight condition but not the foresight and foresight-with-
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feedback conditions. The importance of the amount of experience has important implications for
the Confidence Cycle. It appears that more experiences of high retrospective confidence—even
phantom confidence from spuriously positive outcomes—increase prospective confidence
further. This effect is consistent with the finding that confidence was associated with experience
and GH3 (Dawson et al., 1993). Finally, we began to explore metacognitive awareness (GRQ2).
The evaluation subscale was associated with less underconfidence and better calibration in the
foresight condition. In the present pilot, we were unable to look at the relation between
retrospective confidence bias and hindsight. Further, we were not able to evaluate the role of

metacognitive awareness in prospective confidence bias.

General Discussion of Pilot Studies

The three reported pilot studies have made important strides toward addressing the hypotheses,
informing the design of the proposed studies, and supporting the functions of confidence as well
as the Confidence Cycle. Pilot Studies 1 and 3 showed that we were successful at inducing
hindsight bias, as evidenced by biased evaluations of what participants would have chosen and
biased retrospective judgments of performance for the training (Fischhoff, 1975; Hoch &
Loewenstein, 1989). Pilot Studies 1 and 3 further provided novel evidence that repeated
hindsight experiences increase prospective confidence, supporting prior speculation (Dawson et
al., 1993; GH1). These findings are consistent with retrospective confidence’s function in
informing prospective confidence and the Confidence Cycle. Pilot 3 confirmed prior findings
that hard items produce stronger hindsight bias (Winman et al., 1998) and supported GH3 by
showing that more vs less hindsight experiences increased prospective confidence. Pilot Study 3
was crucial to determining the amount of hindsight experience necessary to increase prospective

confidence.
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Pilot Study 2 provided correlational evidence in support of multiple hypotheses. Prospective
confidence was a powerful predictor of participants’ trial-by-trial retrospective confidence
judgments, particularly for quick decisions. This association is consistent with prospective
confidence’s function in informing retrospective confidence highlighted in the Confidence Cycle
(Ehrlinger & Dunning, 2003; Van Marcke et al., 2024). Further, it highlights the crucial role of
the specific decision-making experience (i.e., response times) in determining retrospective
confidence as well (Koriat, 2007). The result fits well with the idea that retrospective confidence
is formed through a pseudo-Bayesian process with prospective confidence as a prior and
decision-making experiences as data to adjust from the prior. Should this relation hold following
induced hindsight bias, increases in prospective confidence should increase subsequent
retrospective confidence (GH2). This finding would be the first causal evidence to our

knowledge that hindsight bias increases retrospective confidence for subsequent tasks.

The Confidence Cycle suggests that prospective confidence can influence retrospective
confidence both directly and through modulating decision processes. Pilot Study 2 demonstrated
the correlational relation between prospective confidence and response times. The findings
suggested that greater prospective confidence is associated with more cautious, effortful
deliberation. Pilot 2 directionally suggests that hindsight-induced increases in prospective
confidence will increase deliberation and supports GHS5. However, we cannot make a causal
claim about or determine the direction of the effect of repeated hindsight experiences on decision

processes due to the non-significant manipulation in Pilot 2.

Although the pilot studies did not, yet, address our research question of whether metacognitive
awareness would moderate the effects of repeated hindsight experience on prospective

confidence, subsequent retrospective confidence, and decision processes, Pilot 3 showed that
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greater metacognitive awareness—specifically evaluation tendencies—was associated with less
biased retrospective confidence judgments of the training trials for participants in the foresight
condition (specifically less under-confidence; GRQ2). This finding was somewhat consistent
with prior findings (Stankov & Lee, 2008). The hypothesis that affective responses to outcome
information will predict changes in prospective confidence (GH6) has gone unaddressed by the

pilot studies but will be the target of Proposed Study 2.
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III: STUDY 1: MANIPULATING PROSPECTIVE CONFIDENCE THROUGH

HINDSIGHT BIAS

Study 1 aimed to examine the effects of repeated hindsight bias (the tendency to overestimate
how likely you would have known something after seeing the correct answer; Fischhoff, 1975)
on various metacognitive judgments and decision-making processes compared to foresight
(without feedback). We attempted to manipulate prospective confidence for a numeric decision
task through training trials. We were interested in whether the amount of experience in hindsight
affects prospective confidence and retrospective confidence, and therefore varied both the
training conditions and the length of training. Based on pilot tests, we used the hard items from
Pilot 3, which the average participant answered about 70% correctly, and we varied the length to
consist of either eight or 25 training trials (based on Pilot Study 3; see Pilot Study 3 in Chapter 2
for more details). We expected that more training in hindsight would increase prospective
confidence and efficacy beliefs, but not accuracy in later trials. We also examined the effects on
retrospective confidence judgments and decision response times. We expected that more

hindsight experience would increase retrospective confidence. We hypothesized that:

H1.1) Repeated experiences of hindsight bias would increase subsequent prospective
confidence (i.e., the judged likelihood of correctness before making a decision) relative to

experiences in foresight (without feedback);

H1.2) Repeated experiences of hindsight bias would increase retrospective confidence
(i.e., the judged likelihood of correctness after making a decision) relative to experiences

in foresight (without feedback);

H1.3) More experiences of hindsight bias would amplify the effects of repeated hindsight
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experiences on prospective confidence judgments;

H1.4) More experiences of hindsight bias would amplify the effects of repeated hindsight

experiences on retrospective confidence judgments;

After manipulating confidence, we investigated the effects on decision processes by examining
participants’ response times. Based on Pilot Study 2, we expected that a larger number of
hindsight experiences would slow decision making. However, given the mixed findings in the
prior literature, we also investigated a possible nonlinear relation between prospective

confidence and response times. We hypothesized:

H1.5) Greater prospective confidence would be associated with slower response times for
subsequent similar tasks, and, therefore, experiences of hindsight bias will slow response

times relative to experiences in foresight (without feedback).

Based on the lack of association between confidence and accuracy found by Dawson and
colleagues (1993), we also expected participants who experienced hindsight bias repeatedly to
have less sensitive confidence judgments. We also measured metacognitive awareness since
greater metacognitive awareness is associated with more accurate confidence judgments
(Stankov & Lee, 2008). We explored whether repeated hindsight bias would reduce the
sensitivity of retrospective confidence to objective accuracy (RQ1.1) and if individual
differences in metacognitive awareness would moderate any observed effects (RQ1.2). The
hypotheses, method, data cleaning procedure, and analyses for Study 1 were preregistered on the

Open Science Framework (https://osf.i0/2qrbn).
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Research Design

Procedure

Study 1 consisted of a training phase (with two manipulated factors), a measurement phase, and
a test phase. Before the training phase, participants completed an assessment of their
metacognitive awareness (Schraw & Dennison, 1994). In the training phase, we employed a
similar method and materials as in Pilot Study 3. Participants were introduced to the task through
three example problems to familiarize them with responding within the time limit. Participants
were then randomly assigned to one of three conditions: hindsight (in which participants were
shown questions with the correct answers indicated and had to indicate which they would have
picked), foresight (in which participants answered questions with no indication of the correct

answer), or foresight with feedback (they answered questions and then were told the correct

answer). The foresight-with-feedback condition acts as an experimental control for both the
foresight and hindsight conditions. In the foresight-with-feedback condition, participants answer
without being told the correct answer, as in the foresight condition, but they later learn the

correct answer, as in the hindsight condition.

As in the pilot studies, participants in the foresight conditions—with or without feedback—had 5
seconds to choose the larger of two mathematical expressions (e.g., 25% of 30 vs. 10% of 70).
Participants in the hindsight condition had 5 seconds to indicate which of two expressions they
would have picked as the larger one had the larger expression not been indicated. Within each
condition, participants were further assigned to one of two training lengths: short (8 trials) or
long (25 trials). In the measurement phase (after the training phase and before beginning the test

phase), participants reported their prospective confidence for 45 similar test trials, task efficacy
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beliefs, and task difficulty beliefs. We also measured numeric self-efficacy more broadly. These
measures were used to test H1.1 (that repeated hindsight experiences increase prospective

confidence) and H1.3 (that more hindsight experiences further increase prospective confidence).

In the test phase, participants completed 45 trials of the same difficulty as the training trials,
based on Pilot Study 2. During this phase, all participants answered the trials without feedback.
After each choice, participants rated their retrospective confidence in their response. This phase
was designed to assess H1.2 (that repeated hindsight experiences increase retrospective
confidence), H1.4 (that more hindsight experiences further increase retrospective confidence),
H1.5 (that prospective confidence slows decision making), RQ1.1 (whether hindsight
experiences affect confidence sensitivity), and RQ1.2 (the moderating effect of metacognitive
awareness). Following the test phase, participants completed an objective numeracy measure,
and then participants in the hindsight and foresight-with-feedback conditions were asked to recall

and report their experienced affect toward correct and incorrect responses in the training trials.

One week later, participants who completed the study were invited to a follow-up session to
examine the persistence of the training effects. During this session, participants were reminded
of the task and asked to indicate their prospective confidence, task efficacy beliefs, and task

difficulty beliefs for a hypothetical 45-trial test.

Measures

Metacognitive Awareness. Participants answered a shortened version of the metacognitive
awareness scale (Schraw & Dennison, 1994). The measure included 8 questions across the
monitoring (e.g., “I ask myself if I have considered all options when solving a problem.”) and
evaluation (e.g., “I ask myself if I have considered all options after I solve a problem.”)
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subscales. Participants responded on a 5-point Likert scale from Strongly Disagree to Strongly
Agree. Items from each of the two subscales were averaged to create indices of monitoring and

evaluation.

Attention Checks. After an introduction to the decision task, participants were asked two 3-
alternative multiple-choice questions. The first is, "Missing responses will be..." The second is,
"You will have  seconds to respond to each trial." The answers were “considered incorrect”

and “5” respectively.

Baseline Prospective Confidence. Participants were asked to indicate their prospective
confidence for the 8 or 25 training trials following an introduction to the task and before the
training trials. They were asked, “Now that you have some experience, we would like you to do
some training for this task. We will now have you complete [8/25] training trials. Before you
begin the training, how many of the [8/25] training trials do you think you will answer
correctly?” Participants responded using a slider from 0 to 8 or 25, depending on which length
condition they were assigned. Participants were not aware of their assigned training condition.
The value provided was transformed into a proportion by dividing the value by the number of

training trials.

Training Choices (Manipulation Check). As a manipulation check, we summed the number of
correct responses for the foresight and foresight-with-feedback conditions, as well as the number
of responses participants indicated they would have gotten correct in the hindsight condition, and
divided the numbers by the length of the training to assess if we produced a hindsight bias. We
would confirm that participants experienced hindsight bias if participants indicated the correct

answer more often in the hindsight conditions than in the foresight conditions (without feedback;
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Hoch & Loewenstein, 1989).

Post-Training Prospective Confidence. Similar to Boldt and colleagues (2019), participants
were asked to indicate their prospective confidence for the 45 test trials. They were asked,
“Before you get started, how many of the following 45 trials do you think that you will answer
correctly?” Participants responded using a slider from 0-45. The value provided was transformed
into a proportion by dividing the value by 45. This measure was repeated in the one-week
follow-up for a hypothetical test of 45 items. For the follow-up, participants were asked,
“Imagine we're now going to give you a test with 45 new trials of similar difficulty as your

training trials from last week. How many trials do you think you would answer correctly?”

Efficacy Beliefs. To assess efficacy beliefs for this task, participants were asked, “How bad or
good do you think you are at this type of task?” after having completed the training. Participants
responded using a six-point semantic differential scale from “Extremely Bad” to “Extremely

Good.” This measure was repeated in the one-week follow-up.

Task Difficulty Beliefs. To assess difficulty beliefs for the trials, participants were asked, “How
easy or difficult do you think this version of the task is for people in general?” Participants
responded using a six-point semantic differential scale from “Extremely Easy” to “Extremely

Difficult.” This measure was repeated in the one-week follow-up.

Numeric Self-Efficacy. We assessed numeric self-efficacy using the ability subscale of the
Subjective Numeracy Scale (Fagerlin et al., 2007; e.g., ‘How good are you at working with
fractions?’). Participants responded on 6-point Likert-type scales. Responses to the four items

were averaged together. This measure was repeated in the one-week follow-up.
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Trials-By-Trial Retrospective Confidence. Following each trial, participants were asked to
indicate their confidence in their immediately prior answer on a 0 (Certain Incorrect) to 100
(Certain Correct) scale as a measure of trial-by-trial retrospective confidence. Participants were
asked, “How confident are you in your previous answer?” They were instructed how to use the
slider: “Please use the slider below to indicate your belief of the probability that you are correct.
For example, if you know that you didn’t respond in time and are certain you are incorrect you
would indicate 0 on the slider. If you completely guessed and have no clue, you would indicate

50 on the slider.” The value provided was treated as a proportion of 100.

Overall Retrospective Confidence. Following the testing phase, participants were asked to
indicate their overall retrospective confidence for the test trials. Participants were asked, “How
many of the 45 trials do you think you answered correctly?” Participants indicated their

responses using a slider from 0 to 45.

Affect to Outcomes. For participants in the foresight-with-feedback and hindsight conditions,
we asked participants to think back to the training trials and report how they felt when they were
told they were/would have been correct and incorrect separately. Affect was assessed using the

valence and arousal scales of the self-assessment manikins (Bradley & Lang, 1994).

Objective Numeracy. Numeracy was assessed using the Adaptive Numeric Understanding
Measure, a measure that requires each participant to complete four math items that vary based on
the participant’s performance (Silverstein et al., 2023). All participants saw the same initial item:
“Imagine that you have a 5-sided die (the sides of which show 1, 2, 3, 4, and 5), and we throw it

150 times. On average, out of these 150 throws how many times would this 5-sided die show an

78



odd number (1, 3, and 5)? throws.” Ultimately, the measure sorted participants into nine

levels of numeracy.

Nonsense Responding. We included two questions to check for nonsensical responding.
Participants were asked, "How many days per week do you typically go swimming?" and "How
many hours in a day do you typically read/watch/listen to the news?" Answers larger than 7 and

24, respectively, were considered nonsense.

Prospective Confidence Bias. Participants’ accuracy in the 45 test trials was assessed as a
proportion of correct responses. The difference between reported post-training prospective
confidence and accuracy on the test trials was calculated. The resulting value varied between -1
and 1, with negative values representing underconfidence and positive values representing

overconfidence relative to their own accuracy.

Retrospective Confidence Brier Scores, Bias, and Sensitivity. Participants’ calibration was
calculated using Brier scores on the trial-by-trial retrospective confidence judgments (Brier,
1950). Brier scores quantify the average “distance” a participant is from perfect calibration (i.e.,
100% confidence when correct and 0% confidence when incorrect) We also calculated
participants’ retrospective confidence sensitivity (i.e., the difference in trial-by trial retrospective
confidence when correct v. incorrect; often called slope) and retrospective confidence bias (i.e.,
the difference between average confidence and true accuracy; often called accuracy; Yates,

1982), and prospective confidence bias (i.e., the difference between predicted and true accuracy).

Demographics. Participants were asked about their gender identity, age, race/ethnicity,

education level, household income, ZIP code, and political ideology.
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Data Collection

1,000 participants were recruited via Amazon’s Mechanical Turk. To ensure good data quality,
participants were required to have completed at least 5,000 HITs on the platform with a 99%
approval rate or better, have an IP address in the United States, and be on CloudResearch’s
approved participants list. Participants were directed from Mechanical Turk to a Qualtrics survey
link. Following the survey’s completion, participants were provided a completion code for

Mechanical Turk to receive compensation.

Data Cleaning

To clean the data, we first identified participants whose response times substantially differed
from the average overall response time—whose overall survey response time was greater than 3
standard deviations above or less than 1.5 standard deviations below the mean. Next, we
identified any participant who provided nonsense answers to open-ended responses (two
questions in the demographics [“How many days per week do you typically go swimming?” and
“How many hours in a day do you typically read/watch/listen to the news?"]). Any participant
who responded with more than one nonsense answer was excluded. Next, we checked the
attention checks. If participants answered both attention checks incorrectly, they were excluded.
Additionally, if the participant substantially differed in survey time and had any nonsense

answers/failed attention checks, they were excluded.

Any response greater than 3 standard deviations from the average response on a given question
(aside from the trial-by-trial retrospective confidence questions) was considered missing for that
question. For the trial-by-trial retrospective confidence questions, responses were considered
missing if the time until the first click was the same as the page submission time, which would
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indicate that participants did not attempt to answer the question. Finally, any participant missing
more than 5% of the responses was excluded from any analyses. After cleaning, 842 participants
were retained for data analysis, 761 of whom also completed the 1-week follow-up (90.4%
retention). We were not concerned that a large number of participants were removed because this
study demanded a lot of attention and focus. A logistic regression predicting retention from the
training conditions, length, and interaction of condition and length indicated that participants’
dropout between the initial collection and the one-week follow-up was not significantly
associated with the manipulations, y’(df = 836) = 4.30, p =.51. Our sample was majority white
(75.1%) and majority male identifying (55.3%). Demographics and descriptive statistics can be

found in Table 3.1.

Data Analysis

In general, participants were underconfident both prospectively and retrospectively. In the test

phase, participants answered on average about 75% of the trials correctly. Participants’ average
prospective confidence was around 63%, and their average retrospective confidence was around
69%. Descriptive statistics can be found in Table 3.1, and bivariate correlations can be found in

Table 3.2.
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Percent Missing Mean Std. Minimum Maximum
Deviation

Numeracy - 0 4.78 1.54 1 9
Numeric Self-Efficacy - 0 4.28 1.19 1 6
Monitoring - 0 4.06 0.67 1 5
Evaluation - 0 3.83 0.79 1 5
Baseline Prospective Confidence - 0 0.64 0.19 0 1
(Training)
Post-Training Prospective - 0 0.63 0.20 0.04 1
Confidence (Test)
Prospective Confidence Bias (Test) - 0 -0.13 0.20 -0.76 0.51
Task Self-Efficacy - 0 3.84 1.10 1 6
Task Difficulty - 13 4.19 0.94 2.00 6
Overall Test Accuracy - 0 0.75 0.12 0.40 1
Average Response Time (Test) - 0 3.19 0.59 1.22 4.68
Retrospective Confidence Bias (Test) - 0 -0.10 0.15 -0.69 0.48
Retrospective Confidence Sensitivity - 3 0.17 0.12 -0.27 0.71
(Test)
Retrospective Confidence Brier - 0 0.17 0.08 0.01 0.67
Scores (Test)
Average Trial-by-Trial Confidence - 0 0.69 0.15 0.03 1
(Test)
Overall Retrospective Confidence - 0 0.60 0.20 0.02 1
(Test)
Follow-Up Prospective Confidence - 81 0.60 0.20 0.02 1
Follow-Up Task Self-Efficacy - 81 3.80 1.12 1 6
Follow-Up Task Difficulty - 81 4.22 0.92 1 6
Follow-Up Numeric Self-Efficacy ) 81 4.36 119 1 6
Age - 7 45.35 12.36 20 81

White 75.1% - - - - -

Asian 9.0%

Black/African 8.3%

American
Race/Ethnicity Hispanic 2.9%

Native 0.1%

Hawaiian/Pacific

Islander

Mixed Race 4.3%

High School or 25.7% - - - - =

Less

. 2-Year College 15.0%

Bdusatod 4-Year College 44.8%

Master’s Degree 12.2%

PhD 2.4%

Male 55.3% - - - - -
Gender Female 43.7%

Table 3.1. Descriptive statistics of Study I variables and demographics
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Table 3.2. Study 1 Pearson correlations of between-subjects variables and indices. * indicates < .05, ** indicates < .01, *** indicates
>.001.
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Manipulation Check. As a manipulation check of hindsight bias, we compared the average
accuracy as a proportion (for participants in the hindsight condition, whether they reported they
would have been accurate) using a 3 (training conditions) x 2 (training length) analysis of
variance (ANOVA). As expected, there was a significant effect of condition (F(2, 836) = 42.19,
p <.001, #° = .09), such that participants in the hindsight condition indicated they would have
answered more trials correctly (M = .86, SE = .01) than participants actually answered in the
foresight condition (M = .75, SE = .01, t = 7.87, prukey < .001, d = .68) and foresight-with-
feedback (M = .75, SE = .01, t = 8.08, prukey < .001, d = .68) condition. There was no significant
main effect of length (F(1, 836) = 1.49, p = .22, 5° = .002), nor was there a significant interaction

between condition and length, F(2, 836) = 0.79, p = .45, > = .002. See Figure 3.1.
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Figure 3.1. Average proportion of correct answers indicated during training trials by training
condition and training length. Error bars represent 95% confidence intervals.
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There are no significant effects of training condition (F(2, 836) = 0.31, p =.73, #° <.001) nor
length (F(1, 836) = 0.52, p = .47, 5° < .001) with respect to accuracy on the test trials. See Figure

3.2
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Figure 3.2. Average proportion of correct answers during test trials by training condition and
training length. Error bars represent 95% confidence intervals.

Hindsight Effects on Prospective Confidence, Efficacy, and Difficulty Judgments were
largely similar. Using 3 (training conditions) x 2 (training length) ANOVAs, we evaluated
condition differences in prospective confidence for the 45 trials, task efficacy beliefs, and
difficulty beliefs for the task, thus testing H1.1 and H1.3, respectively, that repeated hindsight
experience would increase prospective confidence for the test trials relative to foresight training
and that more hindsight experiences would increase prospective confidence even more. First, the
training conditions had a significant effect on prospective confidence in the test trials, F(1, 836)
=19.07, p < .001, ° = .04. Participants’ prospective confidence was greater following training in

hindsight (M = .64, SE = .01, ¢t = 4.66, prukey < .001, d = .40) and in foresight with feedback (M =
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.66, SE = .01, t = 5.86, prukey < .001, d = .49) than in foresight, M = .56, SE = .01. Prospective
confidence did not significantly differ between participants who received training in hindsight
and foresight with feedback, t = -1.12, prukey = .50, d = .10; thus, H1.1 was supported. There was
no significant main effect of length (F(1, 836) =2.02, p = .16, * = .002), nor was there a
significant interaction between condition and length, (2, 836) =2.33, p = .10, #°> = .005. Thus,

H1.3 was not supported.

This pattern of results held when prospective confidence was replaced with prospective
confidence bias (i.e., the difference between predicted and actual accuracy for the test phase).
The training conditions had a significant effect on prospective confidence bias, F(1, 836) =
16.50, p < .001, 5’ = .04. Participants’ prospective confidence bias was more positive following
training in hindsight (M =-0.11, SE = 0.01, = 4.48, prukey < .001, d = 0.38) and in foresight with
feedback (M =-0.10, SE = 0.01, t = 5.37, prukey < .001, d = .45) than in foresight, M =-0.18, SE =
0.01. Prospective confidence bias did not significant differ between participants who received
training in hindsight and foresight with feedback, ¢t = -0.82, prukey = .69, d = .07. There was no
significant main effect of length (F(1, 836) = 3.54, p = .06, ° = .004), nor was there a significant

interaction between condition and length, F(2, 836) =2.73, p = .07, ° = .006.

However, evaluating the change in prospective confidence (i.e., the difference between baseline
prospective confidence and post-training prospective confidence) revealed more complex effects
of the training manipulations. There was a significant main effect of training condition (F(2, 836)
=20.42, p <.001, »° = .05) and a significant interaction of training condition and length (F(2,
836) =4.22, p = .02, n* = .01) on change in prospective confidence. There was no main effect of
length, F(1, 836) =0.13, p = .72, n° < .001. Tukey post-hoc analysis revealed that in the short

conditions, no significant differences existed between the training conditions. However, in the
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long conditions, there was a more positive change in prospective confidence for participants who
received training in hindsight (M = .02, SE = .01, t = 5.51, prukey < .001, d = .68) and in foresight
with feedback (M = .02, SE = .01, t = 5.60, prukey < .001, d = .67) than in foresight, M =-.07, SE
=.01. However, change in prospective confidence did not significantly differ between
participants who received training in hindsight and foresight with feedback in the long condition,
t=0.11, prukey = .99, d = -.01. See Figure 3.3. Moreover, participants in the hindsight and
foresight-with-feedback did not significant increase in prospective confidence, regardless of the

length of training.
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Figure 3.3. Average change in prospective confidence following training by training condition
and training length. Error bars represent 95% confidence intervals.

The training condition also had a similar significant main effect on participants’ efficacy beliefs,
F(2,836)=13.32, p <.001, n° = .03. Participants reported that they were better at the task after
training in hindsight (M = 3.87, SE = 0.07, t = 3.05, prukey = .007, d = .26) and in foresight with

feedback (M = 4.06, SE = 0.06., t = 5.14, prukey < .001, d = .43) than in foresight (M = 3.58, SE =
87



0.07). Efficacy did not significantly differ between participants who received training in
hindsight and foresight with feedback, ¢ = 2.04, prukey = .10, d = .17. There was no significant
main effect of length (F(1, 836) = 0.89, p = .35, ° = .001), nor was there a significant interaction

between condition and length, F(2, 836) = 0.54, p = .58, > = .001.

The training condition, again, had a similar significant main effect on participants’ difficulty
perceptions, F(2, 823) = 7.30, p < .001, ° = .02. Participants reported that the task was less
difficult after training in hindsight (M =4.15, SE = 0.06, ¢ = -2.28, prukey = .046, d =-.21) and in
foresight with feedback (M =4.06, SE = 0.06, ¢t = -3.78, prukey < 001, d =-.32) than in foresight (M
=4.35, SE =0.06). Perceived difficulty did not significant differ between participants who
received training in hindsight and foresight with feedback, ¢ = 1.35, prukey = .37, d = .12. There
was no significant main effect of length (F(1, 823) = 0.01, p = .93, #° <.001), nor was there a

significant interaction between condition and length, F(2, 823) = 0.61., p = .54, n* = .001.

There were no significant effects of the training manipulations on participants’ self-reported

numeric self-efficacy.

Hindsight Effects Also Were Similar for Retrospective Confidence. To test H1.2 and H1.4
(respectively, that repeated hindsight experience would increase retrospective confidence and
that a greater number of hindsight experiences would increase retrospective confidence more),
we fitted a 3 (Training Condition) x 2 (Length) ANOVA predicting overall retrospective
confidence. There was a significant main effect of training condition on overall retrospective
confidence, F(2, 836) = 9.65, p < .001, #° = .02. Participants who had undergone training in
foresight with feedback (M = .63, SE = 0.01, t =4.36, prukey < .001, d = .37) and hindsight (M =

.61, SE=0.01, t=2.65, prukey = .02, d = .23) reported greater overall retrospective confidence in
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their test performance than those in foresight, M = .56, SE = 0.01. There was no significant
difference in overall retrospective confidence between participants in the hindsight and the
foresight with feedback conditions, ¢ = -1.67, prukey = .22, d = -.14. There was no significant
effect of the training length (F(1, 836) = 1.42, p = .23, #° = .002) nor an interaction between

training condition and length, F(2, 836) = 0.61, p = .55, #° = .001. See Figure 3.4.
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Figure 3.4. Average overall retrospective confidence judgments for the testing phase by training
condition and training length. Error bars represent 95% confidence intervals.

Given the effects of the training condition on prospective and overall retrospective confidence,
we sought to test whether the hindsight condition caused greater retrospective than foresight
through its effect on prospective confidence. Thus, we fit a mediation model to investigate how
the hindsight condition versus the foresight condition impacted participants’ retrospective
confidence through prospective confidence. There was a significant indirect effect of the training
condition on retrospective confidence through prospective confidence (ab = .06,z =4.78, p <
.001) and no significant direct effect of condition on retrospective confidence (¢ =-.01, z=1.08,
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p =.28). See Figure 3.5.
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Figure 3.5. Mediation model depicting indirect effects of training condition (only the hindsight
and foresight conditions) on overall retrospective confidence through prospective confidence.
** indicates > .001.

Next, we used a hierarchical linear regression with random intercepts for each participant and
each trial to predict trial-by-trial retrospective confidence from the training condition, training
length, and an interaction of training condition and length. These results differed from the
previous retrospective confidence results. The model did not show any significant increase in
trial-by-trial retrospective confidence in the foresight with feedback nor hindsight conditions
over the foresight condition, F(2,836.6) = 0.91, p = .40. Moreover, there was no significant effect
of training length (F(1,836.6) = 0.02, p = .90), nor any interactions of length and conditions,

F(2,836.6) =232, p = .10.

However, given that response times have a known effect on retrospective confidence (slower
responses act as a heuristic to lower retrospective confidence; Baranski & Petrusic, 1998), an
exploratory hierarchical regression model was fit predicting trial-by-trial retrospective
confidence from the training condition, trial-by-trial response times, and the interaction of

condition and response times, Marginal R? = .03, Conditional R? = .50. There was a significant
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main effect of training condition (F(2, 1640) = 8.28, p <.001) and of response times, F(1,
34966) = 1193.92, p <.001. There was a significant interaction (£(2, 34937) = 12.75, p <.001)
such that, when participants answered quickly, participants who experienced training in
hindsight (b = 0.04, SE = .02, p = .01) and foresight with feedback (b = 0.06, SE = .01, p <.001)
were more confident in their answers than participants in the foresight condition; the conditions
did not differ when participants responded more slowly. Thus, there was greater negative effect
of response times on trial-by-trial retrospective confidence for participants in the foresight with
feedback (46 =0.01, SE = 0.003, z = 5.04, p <.001) and hindsight (45 = 0.01, SE = 0.003, z =

2.87, p = .01) conditions than in the foresight condition. See Figure 3.6.
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Figure 3.6. Estimated marginal means of trial-by-trial retrospective confidence by training
condition and response time. Bands represent 95% confidence intervals.

Next, because we wanted to test whether the prospective confidence predicted retrospective
confidence after accounting for accuracy (both at the trial level and participant level) and
response times, we explored whether we could predict trial-by-trial retrospective confidence
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judgments from the prospective confidence, trial-by-trial accuracy, trial-by-trial response times,
the metacognitive awareness subscales, and overall accuracy as a proxy for ability, Marginal R’
=23, Conditional R’ = .52. All independent variables other than accuracy were standardized.
We found that greater prospective confidence predicted greater retrospective confidence (F(1,
838) =318.51, p <.001), participants were more confident in fast answers than slow answers
(F(1,35088) = 1006.63, p <.001), participants were more confident when correct than when
incorrect (F(1, 34390) =2710.92, p <.001), and participants who reported a greater (vs lesser)
tendency to monitor themselves were more confident, F(1, 837) = 5.28, p =.02. We also found a
significant interaction between prospective confidence for the test and trial-by-trial response time
(b=-0.01, SE = .001, t =-6.99, p <.001; see Figure 3.7A) such that prospective confidence was
a stronger predictor of trial-by-trial retrospective confidence judgments for fast decisions than
slow decisions. We also found a significant interaction between overall test accuracy and trial-
by-trial accuracy (b = 0.04, SE =.002, = 15.38, p <.001; see Figure 3.7B) such that participants
who performed better on the test also demonstrated greater sensitivity of their retrospective

confidence judgments to their trial-by-trial accuracy.
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Figure 3.7. Estimated marginal means of trial-by-trial retrospective confidence by prospective
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+1 standard deviation, A) and by overall test accuracy and trial-level accuracy (B). Bands
represent 95% confidence intervals.

93



Hindsight had no Effect on Retrospective Confidence Calibration and Sensitivity. We
investigated RQ1.1 (whether an effect of hindsight experiences exists on retrospective
confidence sensitivity to accuracy) by evaluating condition differences in both calibration (the
retrospective Brier scores) and retrospective confidence sensitivity using separate 3 (training
conditions) x 2 (training length) ANOVAs. There were no significant effects of the manipulation
on calibration or sensitivity. There were no significant main effects of training conditions (£(2,
836) = 1.53, p = .22) nor training length (F(1, 836) = 0.19, p = .66) on participants’ retrospective
confidence Brier scores. There was also no significant interaction between condition and length,
F(2,836)=0.69, p =.50. There were no significant main effects of training conditions (#(2,
833) =0.38, p = .68) nor training length (F(1, 833) =0.01, p = .93) on participants’ retrospective
confidence sensitivity. There was also no significant interaction between condition and length,

F(2,833)=0.40, p = .67.

Metacognitive Awareness as a Moderator. To investigate RQ1.2 (that metacognitive
awareness would moderate the effects of the training conditions on prospective and retrospective
confidence), we fit a linear regression predicting prospective confidence bias (i.e., the difference
between predicted performance and actual performance in the test phase) from the monitoring
subscale of metacognitive awareness, the training conditions, the training length, and their
interactions, F(11, 830) = 6.20, p < .001, R’ = .08. There was a significant three-way interaction
between monitoring, training condition, and length. Regardless of length, participants who
reported greater monitoring tendencies were less underconfident on average for the test
following training in hindsight, » = 0.03, SE = 0.02, 95% CI: [.0001, 0.06]. Participants who
reported greater monitoring tendencies were less underconfident for the test following training in

foresight without feedback in the short condition (b =0.10, SE = 0.03, 95% CI: [0.05, 0.16]), but
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more underconfident in the long condition, » =-0.05, SE = 0.02, 95% CI: [-0.09, -0.002]. See

Figure 3.8. There was no effect of the evaluation subscale.
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Figure 3.8. Estimated marginal means of prospective confidence bias for the test trials by
condition, length, and monitoring. Bands represent 95% confidence intervals.

Similar results emerged for retrospective confidence bias. A linear regression was fit predicting
retrospective confidence bias from the monitoring subscale of metacognitive awareness, the
training conditions, the training length, and their interactions, F(11, 830) = 3.54, p < .001, R’ =
.04. There was a significant three-way interaction between monitoring, training condition, and
length. Participants who reported greater monitoring tendencies were less underconfident on the
test following training in foresight without feedback in the short condition (b = 0.08, SE = 0.02,
95% CI: [0.04, 0.12]), but not less underconfident in the long condition, b =-0.01, SE = 0.02,
95% CI: [-0.04, 0.03]. Participants who reported greater monitoring tendencies less

underconfident on the test following training in foresight with feedback in the long condition (b
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=0.05, SE=0.02, 95% CI: [0.01, 0.09]), but not less underconfident in the short condition, b
=0.03, SE =0.02, 95% CI: [-0.01, 0.06]. Participants who reported greater monitoring tendencies
were less underconfident on the test following training in hindsight in the long condition (b =
0.06, SE =0.02, 95% CI. [0.02, 0.10]), but not less underconfident in the short condition, b
=0.03, SE =0.02, 95% CI: [-0.01, 0.06]. See Figure 3.9. There was no effect of the evaluation

subscale.
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Figure 3.9. Estimated marginal means of retrospective confidence bias for the test trials by
condition, length, and monitoring. Bands represent 95% confidence intervals.

Relation between Prospective Confidence and Deliberation. Finally, to test H1.5 (that higher
prospective confidence after the training trials would motivate/demotivate deliberation on
subsequent decisions in the test trials), we used a hierarchical linear regression with random
intercepts for each participant and each trial to predict trial-by-trial response times from the

training condition, training length, and overall test accuracy (standardized) as well as an
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interaction of training condition and length, Marginal R’ = .01, Conditional R’ = .33. There was
a marginal effect of the training condition on response times (£(2, 834.94) = 2.65, p = .07), no
effect of length (F(1, 834.94) =2.21, p = .13), and no interaction, F(2, 834.94)=1.11, p = .33.
However, participants who were overall more accurate on the test were faster at responding, b = -

0.05, SE=0.02,t=-2.72, p = .007. See Figure 3.10.
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Figure 3.10. Estimated marginal means of response times for the test trials by condition and
overall test accuracy. Bands represent 95% confidence intervals.

Next, we explored whether we could predict trial-by-trial response times from prospective
confidence. To explore the nature of the relation between prospective confidence and response
times, we fitted a linear model and a quadratic model. The quadratic model demonstrated better
fit to the data than the linear model, ¥ (df = 1) = 27.42, p < .001; Marginal R*> = .02, Conditional
R’ = 33. The quadratic model suggests that there is an inverse-U shaped relation between

prospective confidence and response times, bquadratic = -2.14, SE = 0.41, t = -5.27, p < .001; biincar
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=2.81,SE=0.48,t=5.86,p <.001. See Figure 3.11.

3.0-

2.5~

Trial-by-Trial Response Time

2.0-

0.00 0.25 0.50 0.75 1.00
Post-Training Prospective Confidence

Figure 3.11. Estimated marginal means of response times for the test trials by prospective
confidence. Bands represent 95% confidence intervals.

Next, we explored whether the quadratic relation of prospective confidence would persist when
controlling for participants’ accuracy. We predicted trial-by-trial response times from
prospective confidence (quadratic and linear terms), trial-by-trial accuracy, and overall accuracy
(standardized) as a proxy for ability and the interaction of trial-level accuracy and overall
accuracy, Marginal R’ = .03, Conditional R’ = .34. In addition to the quadratic and linear effects
of prospective confidence (bguadratic = -2.17, SE = 0.40, t = -5.41, p <.001; biinear = 3.01, SE =
0.48, t=6.02, p <.001), participants were faster at answering when correct, F(1, 33150) =
266.97, p <.001. See Figure 3.12A. There was also a significant interaction between trial-level

accuracy and overall test accuracy (b =-0.14, SE=0.01, t=-12.21, p <.001) such that
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participants who were overall more accurate were faster when they were correct than participants
who were overall less accurate (b =-0.90, SE = 0.17, 95% CI: [-1.24, -0.56]) but they were not

significantly different in speed when incorrect, b = 0.30, SE = 0.19, 95% CI: [-0.07, 0.67]. See

Figure 3.12B.
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Figure 3.12. Estimated marginal means of trial-by-trial response times by prospective
confidence and trial-level accuracy (A) and by overall test accuracy and trial-level accuracy (B).
Bands represent 95% confidence intervals.
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Affect to Outcomes. In preparation for Study 2, we explored whether there were condition
differences in participants’ reported affective responses by using four separate 2 (hindsight v.
foresight with feedback) x 2 (training length) ANOV As predicting valence toward correct,
arousal toward correct, valence toward incorrect, and arousal toward perceived correct responses
in training trials. We only evaluated two conditions because we were interested in affective
responses to the outcome information (learn that they were/would have been correct/incorrect).
This outcome information was not provided in the foresight condition. We found no significant

effects of condition nor length for any of the affect measures.

For participants’ reported affect valence to a perceived correct response, there was no significant
main effect of condition (F(1, 565) = 0.87, p = .35, #° = .002), main effect of length (F(1, 565) =
0.55, p = .46, n? < .001), nor interaction, F(1, 565) = 0.04, p = .85, n? <.001. For participants’
reported affective arousal to a perceived correct response, there was no significant main effect of
condition (F(1, 565) = 0.14, p = .71, #° < .001), main effect of length (F(1, 565) = 0.90, p = .34,
n? = .002), or interaction, F(1, 565) = 1.71, p = .19, n° = .003. For participants’ reported affect
valence to a perceived incorrect response, there was no significant main effect of condition (F(1,
565)=0.01, p = .93, #° <.001), main effect of length (F(1, 565) = 3.81, p = .052, n* = .01), or
interaction, F(1, 565) = 0.13, p = .72, ° < .001. Finally, there was no significant main effect of
condition (F(1, 565) = 1.41, p = .24, 5’ = .002), main effect of length (F(1, 565) = 0.39, p = .53,
n? <.001), or interaction on participants’ reported affective arousal to a perceived incorrect

response, F(1, 565)=1.10, p = .29, * = .002.

One-Week Follow-Up. For the one-week follow-up, we explored condition differences in
prospective confidence for 45 hypothetical trials, task efficacy beliefs, and difficulty beliefs

using three separate 3 (training conditions) x 2 (training length) ANOVAs. Thus, we tested the
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durability of H1.1 and H1.3. There was a significant main effect of training condition on
participants’ prospective confidence after one week, F(2, 755) = 10.54, p < .001, ° = .03.
Participants who trained in the foresight-with-feedback (M = 0.66, SE = .01) condition were
more confident in their performance on a hypothetical test than those who trained in hindsight
(M =0.60, SE=.01,1t=2.91, prukey = .01, d = .26) or in foresight, M = 0.56, SE = .01, t =4.52,
Prukey < .001, d = .40. Participants in the foresight and hindsight conditions did not significantly
differ in their prospective confidence after one week, ¢ = -1.59, prukey = .25, d = -.14. There was
no main effect of length (F(1, 755) = 0.83, p = .36, n° = .001), nor a significant interaction, F(2,

755)=0.79, p = .46, n° = .002. See Figure 3.13.

Y 0.75 - Training Length
< O Short (8)
= 0.70 - ® Long(25)
g
@
2 0.65 —
g
2 0.60 —
o
o
3
2 0.55 -
IS
£
0.50 -

| | |
Foresightw/  Foresight Hindsight
Feedback
Training Condition

Figure 3.13. Average prospective confidence judgments during a one-week follow-up for a
hypothetical test by training condition and training length. Error bars represent 95% confidence
intervals.

Other results were substantially similar. There was a significant main effect of training condition

on participants’ task efficacy after one week, F(2, 755) = 4.04, p = .02, #°> = .01. Participants who
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trained in the foresight-with-feedback (M = 3.95, SE = .07) condition were more self-efficacious
than those who trained in hindsight (M = 3.72, SE = .07, t = 2.41, prukey = .04, d = .21) and in
foresight, M =3.71, SE = .07, t = 2.48, prukey = .04, d = .22. Participants in the foresight and
hindsight conditions did not significantly differ in their task efficacy after one week, ¢ =-0.08,
Prukey =997, d = -.01. There was no main effect of length (F(1, 755) = 0.04, p = .84, ° < .001),

nor a significant interaction, F(2, 755) = 0.07, p = .93, > <.001.

Lastly, there was no significant main effect of training condition on participants’ task difficulty
judgments after one week (F(2, 755) = 1.61, p = .20, ? = .004), no main effect of length (F(1,

755)=0.55, p = .46, ° < .001), nor a significant interaction, (2, 755) = 1.86, p = .16, n* = .01.
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Figure 3.14. Average confidence judgments throughout the study by training condition. Error
bars represent 95% confidence intervals. Post hoc used a Holm correction for a family of 66.
Conditions did not significantly differ at baseline. Post-training, prospective confidence was
significantly lower for foresight (hindsight and foresight with feedback did not significantly
differ). For overall retrospective, foresight and foresight with feedback significantly differed
from each other, but neither significantly differed from hindsight. At the follow-up, again,
foresight and foresight with feedback significantly differed from each other, but neither
significantly differed from hindsight.
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We employed a repeated measures ANOVA evaluating differences in confidence judgments by
condition and by when the judgment was made. Judgments included were the baseline
prospective confidence, the post-training prospective confidence, the overall retrospective
confidence, and the follow-up prospective confidence judgments. There was a significant main
effect of time (F(3, 2274) = 30.40, p < .001, 5’ = .01) such that subsequent judgments tended to
be lower than the immediate prior judgment other than the follow-up prospective confidence
which did not significant differ from overall retrospective confidence, AM = 0.01, SE = 0.004, ¢ =
1.41, prom = .16, d = .03. Additionally, there was a significant main effect of training condition
on confidence judgments, F(2, 758) = 10.34, p < .001, #°> = .02. Participants in the foresight-
with-feedback condition were overall more confident than participants in hindsight (4M = 0.03,
SE =0.02, t = 2.04, proim = .04, d = .16) and in foresight, AM = 0.07, SE = 0.02, t = 4.55, pHoim <
.001, d = .36. Participants in hindsight condition were overall more confident than participants in
foresight, AM = 0.04, SE = 0.02, ¢t =2.50, proim = .03, d = .20. Finally, there is a significant
interaction between time and training condition (F(6, 2274) = 6.03, p < .001, #° = .003), such
that participants confidence judgments following training in the foresight-with-feedback
condition appeared to maintain their more elevated level of confidence more than participants in

the hindsight condition. See Figure 3.14.

Discussion

As expected, participants in the hindsight condition indicated that they would have answered
more items correctly than participants in the foresight and foresight with feedback conditions got
correct, suggesting a successful hindsight manipulation (Hoch & Loewenstein, 1989). Further,
we expected and showed no proportionate difference in accuracy for the training choices

between participants in the long and short training. After the training trials, those in the hindsight
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condition indicated greater prospective confidence for a subsequent test than participants in the
foresight condition, thus H1.1 was supported. However, our results do not support the
speculation that hindsight bias increases confidence. Rather, in the present study, participants in
the foresight condition indicated a reduced confidence following the training phase, while
participants in the hindsight and foresight-with-feedback conditions maintained their level of
confidence. There were mixed results of the effect of the training length on prospective
confidence (H1.3). The hypothesized interaction of training length and condition did emerge
when assessing participants’ change in their prospective confidence from baseline; however, the
pattern of results was more consistent with a greater number of trials in the foresight condition
lowering prospective confidence rather than more trials in the hindsight condition raising
prospective confidence. Thus, H1.3 was generally not supported. The decrease in confidence in
the foresight condition and lack of change in the hindsight condition may be because participants
were on average underconfident for the choice task (average prospective confidence bias was -
0.13). Additionally, the five-second time limit might have caused participants in the foresight
condition to have low retrospective confidence for the training trials. Indeed, interrogation
paradigm studies (when participants are stopped mid-decision) suggest that when people are
forced to make faster decisions, their retrospective confidence is lower (Vickers et al., 1985).
Participants in the hindsight and foresight-with-feedback condition may have maintained their

confidence because of the hindsight bias and objective performance information, respectively.
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Figure 3.15. The Confidence Cycle. Path A represents the function of prospective confidence as
a motivator/demotivator of deliberation. Path B represents the influence of the decision-making
experience (decision processes are represented in line with the Drift-Diffusion Model) on
retrospective confidence. Path C represents the function of prospective confidence in informing
retrospective confidence directly. Lastly, Path D represents the function of retrospective
confidence in updating prospective confidence.

There is also support for H1.2—that training in hindsight would increase retrospective
confidence in subsequent decisions. However, there were no significant effects of training length
on retrospective confidence and thus no support for H1.4. The effect of training condition on
retrospective confidence judgments (both overall and trial-by-trial) supports a causal relation
between prospective confidence and retrospective confidence (Path C in Figure 3.15). However,
it remains plausible that a factor other than prospective confidence explains the effects of the
training condition on retrospective confidence. Further, prospective confidence bias is positively
associated with retrospective confidence bias ( = .49, p <.001), suggesting that, consistent with
prior literature (i.e., Ehrlinger & Dunning, 2003; Van Marcke et al., 2024), prospective

confidence is an important determinant of retrospective confidence. However, we find that
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prospective confidence is not the only predictor of trial-by-trial retrospective confidence.
Consistent with prior findings, participants were less confident retrospectively when they were
slower (Baranski & Petrusic, 1998). Response time or even experienced fluency may have acted
as a cue informing participants that the trial was difficult for them (Alter & Oppenheimer, 2009).
Interestingly, response times appeared to water down the influence of prospective confidence on
retrospective confidence. Specifically, it may be that when people respond more slowly, their
response time and their experienced fluency become a more prominent indicator of their
accuracy relative to their expectations and prospective confidence. Additionally, we find that the
retrospective confidence judgments of participants who performed better on the test overall were
more sensitive to their accuracy. The positive association between performance and retrospective
confidence sensitivity is consistent with the idea that confidence and choice are based on the
same evidence accumulation processes and skills (Kruger & Dunning, 1999; Pleskac &
Busemeyer, 2010). These findings regarding response times and retrospective confidence support
Path B in the Confidence Cycle (see Figure 3.15). Retrospective confidence appears to be
directly informed by prospective confidence but is also sensitive to the specific decision

experiences.

Somewhat consistent with H1.5—that prospective confidence would increase deliberation—
prospective confidence had a parabolic relation with response times. This finding may reconcile
previous conflicting findings that greater prospective confidence increases (Boldt et al., 2019;
van den Berg et al., 2016; Peters & Shoots-Reinhard, 2022; Zacharopoulos et al., 2014) and
decreases deliberation (Alter et al., 2007; Dutilh et al., 2012; Vancouver et al., 2002; Bandura &
Jourden, 1991). However, we do not have causal evidence (the effect of condition was not

significant, though marginal) for the relation between prospective confidence and deliberation.
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The lack of causal evidence may be for a couple of reasons. First, given the non-linear relation
between prospective confidence and response times, participants may exhibit a positive or
negative relation depending on their initial level of confidence. Sampling from participants
varying in prospective confidence, therefore, may cancel out the effects of the manipulation.
Second, response times are not a clean indicator of decision processes. Longer responses may be
caused by participants requiring more evidence to make a decision or a slower accumulation of
evidence. To account for the rate of evidence accumulation, we attempted to control for
participants’ ability at the task using overall test accuracy and its interaction with trial-by-trial
accuracy. In the next chapter, we fit a drift diffusion model that will allow us to estimate
parameters for decision thresholds and drift rates to further investigate the effects of prospective

confidence on decision processes.

At the one-week follow-up, we still observed an effect of the training condition on prospective
confidence; however, while confidence among participants in the foresight-with-feedback
condition remained somewhat stable, participants in the hindsight condition reported lower
prospective confidence than after the training phase. Across conditions, participants’ prospective
confidence after one week was more similar to their overall retrospective confidence judgments
after the test phase than their prospective confidence following training, supporting the theorized
updating function of retrospective confidence (Path D in Figure 3.15). In other words,
participants updated their prospective confidence during the test phase, and that prospective
confidence remained mostly stable after one week. However, the question remains: why did
participants in the hindsight condition lose confidence during the test phase while participants in
the foresight-with-feedback didn’t lose confidence despite similar accuracy for the test trials?

One possibility is that participants in the hindsight condition were surprised by the difficulty of
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the test trials. This possibility seems unlikely given that participants in the hindsight condition
reported relatively high trial-by-trial retrospective confidence in the test trials, especially for fast
choices. Another possibility is that something about the experience of learning confidence in
hindsight made it less durable. Although self-reported affect did not differ between conditions in
the present Study 1, in Study 2, we examine the possibility that people’s affective responses to

perceived successes and failures are different in hindsight than in foresight with feedback.

The lack of a consistent length effect (H1.3 and H1.4) may suggest that participants considered
the training phase as a whole rather than as multiple separate trials. It is also possible that
participants only considered a subset of trials and neglected the overall durations (Kahneman et
al., 1993). Given the lack of a length effect on the proportion of correct answers indicated,
considering the whole training might explain why there was little effect of the length
manipulation. This explanation is somewhat supported by the findings involving monitoring
tendencies. Participants who reported high monitoring tendencies became more underconfident
prospectively following the long foresight training compared to the short foresight training. It is
possible that participants higher in monitoring were more likely to consider the training trials

separately rather than as a whole and were thus more influenced by the length differences.

Although we found no condition differences in participants’ retrospective confidence calibration
and sensitivity, we see that greater prospective confidence is associated with retrospective
confidence calibration as operationalized by Brier scores and greater sensitivity to accuracy.
Thus, we do not find that hindsight bias reduces sensitivity to accuracy (as suggested by Dawson

etal., 1993).
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Limitations

There are several limitations to the present study. First, the study was collected online through
MTurk and was completed by participants in uncontrolled environments. Participants may have
been distracted by events in their environment, which could have impacted their performance
and their response times. While we cannot rule out that distractions could have influenced
correlational findings, it does not challenge the validity of the causal findings of the
manipulations because participants were randomly assigned to conditions. Nonetheless,
distractions may have reduced the power of the present study to find effects. As a result, in study
2, participants completed the study in-person in a relatively quiet and distraction-free

environment.

Another limitation is that prospective confidence was measured for each phase (i.e., training and
testing) rather than for each trial (as was done by Fleming et al., 2016). As such, the bias of
participants’ prospective confidence can be assessed, but sensitivity and Brier scores cannot.
Moreover, we cannot assess the changes in prospective confidence throughout the training and
testing phases in responses to participants' trial-level retrospective confidence. Moreover,
retrospective confidence was not measured for the training phase. Had retrospective confidence
been measured for the training phase, we could have explored the relationship between
participants’ retrospective confidence for the training and their prospective confidence for the
test. We expect that these confidence judgments would be very similar—as was observed for
participants’ retrospective confidence for the test and prospective confidence in the one-week
follow-up. Additionally, with more confidence judgments, we could more effectively investigate
the trends and relations of prospective confidence, response times, and retrospective confidence

longitudinally.
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Affective responses were only assessed at the end of the initial collection (and not during the 1-
week follow-up), and participants were asked to recall their feelings from the training trials.
Participants would likely have difficulty recalling their feelings accurately, and it would make it
difficult to investigate differences in affective responses to feedback. In Study 2, participants

were asked to indicate their affective responses in real-time following each training trial.

Participants were, by and large, underconfident when it came to this task. Participants may have
lacked confidence because the task involved a lot of math and due to the 5-second time limit.
Despite participants’ low confidence, we still observed a hindsight bias. The confidence-
hindsight mirror effect would predict that participants who are underconfident might actually
become less confident in hindsight (Winman et al., 1998); however, we did not observe a
reduction of confidence in the hindsight condition. Nevertheless, participants’ low confidence
relative to their performance throughout might have reduced the magnitude of the hindsight bias.
Had participants been overconfident, we might have observed larger effects of experience in

hindsight on prospective confidence, response times, and retrospective confidence.

Lastly, we explicitly elicited prospective confidence judgments; this explicit elicitation might
have increased their impact on response times and retrospective confidence because their
retrospective confidence was made more salient. Future research could investigate how likely
participants are to spontaneously judge their confidence prospectively for tasks and avoid

assessing prospective confidence close to the task itself.

Significance and Contributions to the Field

First, our research can speak somewhat to how repeated hindsight bias can affect future decisions
and confidence. Although there has been much speculation regarding the consequences of
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hindsight bias (e.g., Dawson et al., 1993; Roese & Vohs, 2012), its effect on subsequent decision
making, prospective, and retrospective confidence has not been causally shown. We directly
tested the consequences of repeated hindsight experience for prospective confidence,
retrospective confidence, and decision making. Relative to the foresight condition, affording
participants hindsight bias in training caused greater prospective confidence and efficacy beliefs
for the task—although it did not increase them. Moreover, participants’ greater prospective

confidence also increased their retrospective confidence on subsequent trials.

Additionally, our findings help shed light on how prospective confidence modulates decision-
making processes. Specifically, our findings suggest a nonlinear, parabolic relation between
prospective confidence and deliberation. This finding may help reconcile opposing findings that
suggest that prospective confidence could motivate (Boldt et al., 2019; van den Berg et al., 2016;
Peters & Shoots-Reinhard, 2022; Zacharopoulos et al., 2014) and demotivate deliberation (Alter
et al., 2007; Dutilh et al., 2012; Vancouver et al., 2002; Bandura & Jourden, 1991). In other
words, our findings demonstrate that prospective confidence can motivate and demotivate
deliberation, like classic achievement motivation theories (Atkinson, 1957). Additionally, the
parabolic relation suggests that prior findings are dependent on participants’ overall level of
prospective confidence and could be reversed. For example, Dutilh and colleagues (2012) found
that participants become more cautious (i.e., make slower decisions) following a perceived
error—post-error slowing. However, given the parabolic relation, post-error slowing may only be
observed in participants who have very high prospective confidence overall. Participants with
low prospective confidence may instead show “post-error quickening” if the perceived error

further reduces their prospective confidence for the decision task.
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The present study provides support for the framework of the Confidence Cycle described in
Chapter 1. Prospective confidence appears to modulate decision processes (i.e., the amount of
and the rate of evidence accumulation). Retrospective confidence is informed by the decision-
making experience and by prospective confidence directly. Then, retrospective confidence
updates prospective confidence. The Confidence Cycle can help explain how confidence changes
over time and how the effects of confidence on decision making change dynamically.
Confidence appears to play an important role in determining how much people deliberate for a
given decision, as well as assessing the outcome of that decision and learning from the decision-
making experience. It is plausible that confidence serves to optimize people’s effort for decisions
by avoiding too much effort on decisions that are too hard, saving effort when facing easy
decisions, and allocating effort for challenging decisions for which we are uncertain of the
outcome (i.e., whether we will be correct or incorrect). Retrospective confidence allows us to

learn when we should adjust our efforts for future similar decisions.
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IV: STUDY 2: AFFECT’S ROLE IN LEARNING CONFIDENCE
Study 2 aimed to investigate the role of affect (i.e., positive and negative evaluations experienced
as feelings) in learning confidence from known outcomes (either when getting feedback about a
decision made in foresight or when seeing the correct answer in hindsight). The foresight
condition from Study 1 was not included because we were interested in participants’ affective
responses to whether they were/would have been correct/incorrect. Participants never learned the
answer in the foresight condition. The effect of integral affect toward decision outcomes on
confidence has not been studied. Previous research suggests that incidental affect influences
confidence judgments. For example, people with depression have reported lower retrospective
confidence judgments even after accounting for performance (Fieker et al., 2016; Fu et al.,
2005). Consistent with these results, Culot and colleagues (2021) showed that inducing
incidental sadness reduced retrospective confidence judgments for a perceptual decision task
without an effect on performance. Similarly, positive mood inductions have been shown to
increase retrospective overconfidence (Ifcher & Zarchamee, 2014; Koellinger & Treffers, 2015).
Positive moods have also been associated with greater self-efficacy (see Lyubomirsky et al.,
2005), as well as increased prospective confidence for laboratory tasks (Wright & Mischel, 1982)
and increased attributions for successes to stable, internal factors (Brown, 1984). While these
studies together demonstrate that affective dispositions and states influence prospective and

retrospective confidence judgments, they only speak to the effects of incidental affect.

The focus of the present study concerns the role of integral affect toward being correct or
incorrect in learning prospective confidence and informing retrospective confidence. We
speculated that affective responses to decision outcomes in training would inform participants’

prospective confidence judgments similar to the somatic marker hypothesis (Bechara et al.,
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1997). Bechara and colleagues demonstrated that experienced anticipatory affect
(operationalized as participants’ electrodermal activity) was not only important for participants’
ability to learn the outcomes associated with a given action but also to make advantageous
decisions. Similar to their findings, we suggest that affective responses to being correct and
incorrect will help people learn how good/bad they are at a decision task. Further, we sought to
investigate how learning in hindsight might impede people’s ability to learn to make accurate and
sensitive confidence judgments by changing their affective responses while gaining experience.
We suspected that in hindsight, participants would perceive they would have been correct more
and experience positive affect more often, regardless of whether they would have actually been
correct. As such, their anticipatory affect won’t help them differentiate between questions they

would and would not answer correctly.

In Study 2, integral affect was measured in two ways: 1) self-report of experienced affective
valence and arousal, and 2) measurement of participants’ electrodermal activity (EDA).
However, the present dissertation will focus solely on participants’ self-reported affect. This self-
report measure has two advantages over measuring EDA: 1) it is a less noisy and more direct
indicator of anticipatory affect, and 2) it can capture variance in participants’ affective valence.
However, it might be more subject to demand effects. Mellers and colleagues (2013) speculated
that affect responses are diminished in hindsight compared to foresight because people
experience less surprise in hindsight. Muted affect responses in hindsight may be supported by
the Study 1 finding that participants’ confidence persisted longer following training in the
foresight-with-feedback condition than in the hindsight condition given that past research has
shown that greater affect responses support long-term memory (Kensinger, 2009; Mather, 2007;

Peters, Shoots-Reinhard, et al., 2019). For the present study, we hypothesized that:
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H2.1) During training, participants would feel more negative after negative feedback (i.e.,
when a participant either learns they were incorrect or perceives that they would have
been incorrect) compared to positive feedback (i.e., when a participant either learns they

were correct or perceives that they would have been correct);

H2.2) H2.1’s affective response sensitivity would be moderated by training condition
(foresight with feedback v. hindsight; H2.2a) and by metacognitive awareness (H2.2b)
such that affective responses would be more sensitive to accuracy in foresight with
feedback compared to hindsight and for participants higher in metacognitive awareness,

respectively;

H2.3) Valence and arousal of affective responses would predict changes in prospective
confidence, such that positive responses would increase prospective confidence and
negative responses would decrease prospective confidence, with higher arousal responses

having a greater impact;

RQ2.1) People higher vs lower in metacognitive awareness would update their

prospective confidence more in response to their emotional responses (RQ2.1).

Study 2 also seeks to replicate and extend key findings from Study 1 regarding the relations

between prospective confidence, decision processes, and retrospective confidence. To investigate

how prospective confidence influences decision making, we will employ drift diffusion modeling

(DDM,; Ratcliff & Rouder, 2000). The DDM can be thought of as an extension of Signal

Detection Theory. The DDM provides a process model—a random accumulation of evidence

over time—to explain the observed choices and response times in a two-alternative forced-choice

task. In the DDM, evidence is accumulated until a decision threshold is met, at which point a
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decision is made. Based on participants’ multiple decisions and response times, the model

estimates several parameters (Ratcliff, 1978; see Figure 4.1):

1. Drift rate (v): The rate at which evidence accumulates for one option relative to another.

2. Decision threshold (a): The amount of evidence required to make a decision. This

parameter is sometimes referred to as decision cautiousness.

3. Starting point (z): The point from which the evidence accumulation process begins

relative to the decision thresholds.

4. Non-decision time (7): The time required for stimulus encoding, motor preparation, and

other non-decision-related processes.
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Figure 4.1. Depiction of a Drift Diffusion Model and its parameters

Previous research on perceptual decision making suggests that greater prospective confidence is
associated with more cautious decision making (i.e., wider thresholds; Boldt et al., 2019).

However, low retrospective confidence and perceived errors in decisions have also been
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associated with more cautiousness in subsequent decisions (Desender et al., 2019; Dutilh et al.,
2012). Based on these mixed findings and our Study 1 finding of a parabolic relation between
prospective confidence and response times, we expect a parabolic relation between prospective

confidence and cautiousness. As our replication and extension of Study 1, we hypothesized that:

H2.4) Greater vs lower prospective confidence would be associated with greater

retrospective confidence;

H2.5) Prospective confidence would motivate/demotivate deliberation on subsequent
decisions—made apparent through response times and the threshold parameter of the
drift diffusion model. Based on Study 1, we expected there to be an inverse-U relation
between prospective confidence and response times (as well as the threshold parameter)

such that participants are slowest and most cautious at a moderate level of confidence.

The hypotheses, method, data cleaning procedure, and analyses for Study 2 were preregistered

on the Open Science Framework (https://osf.i0/g9ps4).

Research Design
Procedure

Similar to Study 1, Study 2 consisted of a training phase, a measurement phase, and a test phase.
Unlike Study 1, Study 2 was completed in person by participants from the PsychLing subject
pool. Upon entry to the run room, participants were directed to sit at a computer with E-Prime
software open and running the experiment. Following informed consent, the experimenter placed
an Empatica E4 tracker on the non-dominant wrist of each participant and turned on the unit.
Experienced electrodermal activity (EDA) was measured by electrodes placed adjacently on the

wrist. Before the training phase, we assessed participants’ metacognitive awareness (specifically,
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participants’ tendencies to monitor and evaluate their goal pursuit; Schraw & Dennison, 1994).
Participants were then introduced to the task through three examples. In the training phase,
participants were assigned to one of two conditions: hindsight (in which participants were shown
questions with the correct answers indicated and had to indicate which they would have picked)

or foresight with feedback (they answered questions and then were told the correct answer).

There was no foresight without feedback condition because we were interested in affective
responses to known outcomes. Participants completed 25 training trials, which consisted of 4
phases: a recovery period (5 seconds), a fixation period (2 seconds), the choice trial, and an
affect reporting period (see Figure 4.2). The recovery period was to allow participants’ EDA to
return to a tonic baseline level following each trial (Markowitz et al., 2019). The baseline
measures of EDA were assessed during the fixation before each trial to ensure that any increase
or decrease in arousal represents a change relative to some standard. The analysis of the EDA
data is outside the scope of the present dissertation. Following each trial, participants were asked

to indicate their experienced affect toward knowing they were/would have been correct/incorrect.
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Figure 4.2. Depiction of each training trial. The overall timing of the training trials was kept
consistent between the hindsight and foresight-with-feedback conditions.

In the foresight-with-feedback condition, participants had 5 seconds to select the larger of two
mathematical expressions consisting of percentages and constants (e.g., 25% of 30 vs 10% of
70). Then, the correct answer was circled and remained on screen for 2 seconds. In the hindsight
condition, participants had 5 seconds to indicate which expression they would have picked as
larger. As in the foresight-with-feedback condition, the indicated answer remained on screen for
an additional 2 seconds after the 5-second response period. In both conditions, there was a
countdown timer at the bottom of the screen for each trial. After the training phase and before
beginning the test phase, participants reported their prospective confidence for the test phase,
task efficacy beliefs, and task difficulty beliefs as part of the measurement phase. We also

measured numeric self-efficacy more broadly.

In the test phase, participants completed 45 trials of the same difficulty as the training trials.
During this phase, all participants answered the trials without any feedback. After each choice,
participants rated their retrospective confidence in their response. Following the test phase,
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participants completed an objective numeracy measure. During the testing phase, we continued

to collect experienced EDA using the Empatica E4.

Equipment

Participants were invited to complete the study in person in a room of desks that can seat up to
eight participants, each with a desktop computer. The study was coded and prepared using E-
Prime software, which afforded high-precision timing for matching up with EDA data and
assessing response times. We had access to six Empatica E4 units, which allowed us to run up to

six participants at a time.
Measures

Metacognitive Awareness. Participants answered a shortened version of the metacognitive
awareness scale (Schraw & Dennison, 1994). The measure included 8 questions across the
monitoring (e.g., “I ask myself if I have considered all options when solving a problem.”) and
evaluation (e.g., “I ask myself if I have considered all options after I solve a problem.”)
subscales. Participants responded on a 5-point Likert scale from Strongly Disagree to Strongly
Agree. Items from each of the two subscales were averaged to create indices of monitoring and

evaluation.

Attention Checks. After an introduction to the decision task, participants were asked two 3-
alternative multiple-choice questions. The first is, "Missing responses will be..." The second is,
"You will have  seconds to respond to each trial." The answers were “considered incorrect”

and “5” respectively.

Baseline Prospective Confidence. Participants were asked to indicate their prospective

confidence for the 25 training trials following an introduction to the task and before the training
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trials. They were asked, “Now that you have some experience, we would like you to do some
training for this task. We will now have you complete 25 training trials. Before you begin the
training, how many of the 25 training trials do you think you will answer correctly?” Participants
responded using a slider from 0 to 25. Participants were not aware of their assigned training

condition. The value provided was transformed into a proportion by dividing the value by 25.

Training Choices (Manipulation Check). As a manipulation check, we calculated the
proportion of correct responses for the foresight-with-feedback conditions as well as the
proportion of responses participants indicated they would have gotten correct in the hindsight
condition. Only trials participants responded to were included. Although the present study did
not have a foresight condition, we would confirm that participants experienced hindsight bias if
participants indicated the correct answer more often in the hindsight conditions than in the
foresight-with-feedback condition (Hoch & Loewenstein, 1989). In Study 1, participants in the
foresight and foresight-with-feedback conditions did not significantly differ in their accuracy for

the training trials.

Affect to Outcomes. Following each training trial, we asked participants to indicate how they
felt knowing they were correct/incorrect (in the foresight with feedback condition) or would have
been correct/incorrect (in the hindsight condition). Affect was assessed using the valence and
arousal scales of the self-assessment manikins (Bradley & Lang, 1994). For the valence scale,
participants were told, “Select one character to describe how knowing whether you [were/would
have been] right or wrong makes you feel from negative and displeased on the left to positive
and pleased on the right.” The valence scale was scored from -2 (most negative manikin) to +2
(most positive manikin). For the arousal scale, participants were told, “Select one character to

describe how knowing whether you [were/would have been] right or wrong makes you feel from
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calm, drowsy, and peaceful on the left to excited, energized, and alert on the right.” The arousal

scale was scored from 1 (calmest manikin) to 5 (most aroused manikin).

Participants’ average affective responses were also calculated across all training trials, trials for
which participants indicated the correct response, and trials for which participants indicated the
incorrect response. Participants’ affective sensitivity was calculated by subtracting participants’
average affect when indicating the incorrect response from their average affect when indicating

the correct response.

Post-Training Prospective Confidence. Similar to Boldt and colleagues (2019), participants
were asked to indicate their prospective confidence for the 45 test trials. They were asked,
“Before you get started, how many of the following 45 trials do you think that you will answer
correctly?” Participants responded using a slider from 0-45. The value provided was transformed

into a proportion by dividing the value by 45.

Efficacy Beliefs. To assess efficacy beliefs for this task, participants were asked, “How bad or
good do you think you are at this type of task?” after having responded to the training.
Participants responded using a six-point semantic differential scale from “Extremely Bad” to

“Extremely Good.”

Task Difficulty Beliefs. To assess difficulty beliefs for the trials, participants were asked, “How
easy or difficult do you think this version of the task is for people in general?” Participants
responded using a six-point semantic differential scale from “Extremely Easy” to “Extremely

Difficult.”

Numeric Self-Efficacy. We assessed numeric self-efficacy using the ability subscale of the

Subjective Numeracy Scale (Fagerlin et al., 2007; e.g., ‘How good are you at working with
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fractions?’). Participants responded on 6-point Likert-type scales. Responses to the four items

were averaged together.

Trial-By-Trial Retrospective Confidence. Following each trial in the testing phase, participants
were asked to indicate their confidence in their immediately prior answer on a 0 (Certain
Incorrect) to 100 (Certain Correct) scale as a measure of trial-by-trial retrospective confidence.
Participants were asked, “How confident are you in your previous answer?”” They were
instructed how to use the slider: “Please use the slider below to indicate your belief of the
probability that you are correct. For example, if you know that you didn’t respond in time and are
certain you are incorrect you would indicate 0 on the slider. If you completely guessed and have
no clue, you would indicate 50 on the slider.” The value provided was treated as a proportion of

100.

Overall Retrospective Confidence. Following the testing phase, participants were asked to
indicate their overall retrospective confidence for the test trials. Participants were asked, “How
many of the 45 trials do you think you answered correctly?” Participants indicated their

responses using a slider from 0 to 45.

Objective Numeracy. Numeracy was assessed using the 4-item Numeric Understanding
Measure (4-NUM), a measure that requires each participant to complete four math items

(Silverstein et al., 2023).

Prospective Confidence Bias. Participants’ accuracy in the 45 test trials was assessed as a
proportion of correct responses from 0.0 to 1.0. The difference between reported prospective

confidence and accuracy on the test trials was calculated. The resulting value varied between -1
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and 1, with negative values representing underconfidence and positive values representing

overconfidence relative to their actual performance.

Retrospective Confidence Brier Scores, Bias, and Sensitivity. Participants’ calibration was
calculated using Brier scores on the trial-by-trial retrospective confidence judgments (Brier,
1950). Brier scores quantify the average “distance” a participant is from perfect calibration (i.e.,
100% confidence when correct and 0% confidence when incorrect). We also calculated
participants’ confidence sensitivity (i.e., the difference in trial-by-trial retrospective confidence
when correct v. incorrect; often called slope) and confidence bias (difference between average

confidence and true accuracy; often called accuracy; Yates, 1982).

Demographics. Participants were asked about their gender identity, age, and race/ethnicity.

Data Collection

Participants (N=230) were recruited from the PsychLing Subject Pool at the UO via Sona. We

ran up to 6 participants per session. Participants received course credit for their participation.

Data Cleaning

To clean the data, first, we checked the attention checks. If participants answered both attention
checks incorrectly, they were excluded. Next, any response greater than 3 standard deviations
from the average response on a given question (aside from the trial-by-trial retrospective
confidence questions) was considered missing for that question. Any participant missing more
than 5% of the responses was excluded from any analyses. Finally, participants were excluded
from any analyses if they failed to respond to 20% or more of the training or test trials. After
cleaning, 199 participants remained (86.5% retained). One participant was removed for failing

the attention checks, nine were removed for missing responses (other than the training trials), 7
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were excluded for not responding to the test trials, and 14 were removed for failing to respond to

the training trials.

Data Analysis

In general, participants were underconfident both prospectively and retrospectively. In the test
phase, participants answered on average about 74% of the trials correctly. Participants’ average
prospective confidence was around 57%, and their average retrospective confidence was around
62%. Descriptive statistics can be found in Table 4.1, and bivariate correlations can be found in
Table 4.2. Twenty-five participants (12.6%) indicated the correct answer for all the training trials.

As such, their affect when incorrect and sensitivities could not be determined.
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Percent Missing Mean Std. Minimum Maximum

Deviation

Numeracy - 0 1.65 0.87 0 4
Numeric Self-Efficacy - 0 3.05 1.16 1 6
Monitoring - 0 3.92 0.55 2 5
Evaluation - 0 3.44 0.67 1 4.75
Baseline Prospective Confidence - 0 0.53 0.17 .16 .88
(Training)
Average Affect Valence - 0 0.58 0.57 -1.60 2
Average Affect Valence to Positive - 0 0.72 0.63 -1.60 2
Feedback
Average Affect Valence to Negative - 25 -0.25 0.72 -2 2
Feedback
Valence Sensitivity - 25 1.02 0.85 -0.57 3.14
Average Affect Arousal - 0 2.72 0.74 1 4.72
Average Affect Arousal to Positive - 0 2.72 0.79 1 4.74
Feedback
Average Affect Arousal to Negative - 25 2.83 0.80 1 5
Feedback
Arousal Sensitivity 25 -0.08 0.73 -2.20 3.54
Post-Training Prospective Confidence - 0 0.57 0.21 0.11 1
(Test)
Prospective Confidence Bias (Test) - 0 -0.17 0.18 -0.69 0.38
Task Self-Efficacy - 0 3.61 1.15 1 6
Task Difficulty - 0 3.28 0.97 1 5
Overall Test Accuracy - 0 0.74 0.13 0.36 0.96
Average Response Time (Test) - 0 3.24 0.49 1.77 4.02
Retrospective Confidence Bias (Test) - 0 -0.11 0.15 -0.58 0.60
Average Retrospective Confidence - 0 0.67 0.15 0.04 1
when Correct (Test)
Average Retrospective Confidence - 0 0.48 0.15 0.05 1
when Incorrect (Test)
Retrospective Confidence Sensitivity - 0 0.19 0.12 -0.06 0.48
(Test)
Retrospective Confidence Brier - 0 0.19 0.08 0.06 0.60
Scores (Test)
Average Trial-by-Trial Confidence - 0 0.63 0.15 0.04 1
(Test)
Overall Retrospective Confidence - 0 0.53 0.20 0.07 0.96
(Test)
Age - 2 19.34 1.60 18 30

White 66.3% B B B B B

Asian 6.0%

Black/African 2.0%

American

: : 8.0%

Race/Ethnicity 1 15Panic

Native 0.5%

Hawaiian/Pacific

Islander

Other 1.0%

Mixed Race 16.2%

Male 38.2% - - - - -
Gender Female 60.3%

Table 4.1. Descriptive statistics of Study 2 variables and demographics
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Table 4.2.
> .001.

Study 2 Pearson correlations of between-subjects

variables and indices.

* indicates < .05, ** indicates < .01, *** indicates
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Manipulation Check in the training phase. As a manipulation check, we compared participants
in the hindsight condition and foresight-with-feedback condition on their average accuracy as a
proportion (for participants in the hindsight condition, whether they reported they would have
been accurate) using an independent samples t-test. As expected, there was a significant effect of
condition (#(197) = 3.80, p <.001, d = .54), such that participants in the hindsight condition
indicated they would have answered more trials correctly (M = .83, SE = .02) than participants
actually answered in the foresight-with-feedback condition (M = .75, SE = .01). Thus, a modified

hindsight effect emerged.

There are no significant effects of training condition (#(197) =-1.36, p = .17, d = -.19) for

accuracy on the test trials.

Training Effects on Prospective Confidence, Efficacy, and Difficulty Judgments were
largely similar. Following the training phase, participants in the foresight-with-feedback
condition reported greater prospective confidence (M = 0.60, SE = .02) than participants in the
hindsight condition, M = 0.53, SE = .02, #(197) = 2.45, p = .02, d = .35. Crucially, participants’
baseline prospective confidence did not differ between conditions, #197) =-0.61, p = .54, d = -
.09. Participants in the foresight-with-feedback condition had a significant increase in
prospective confidence from baseline following the training phase (M = 0.08, SE = .02, #(107) =
5.56, p <.001, d = .54), whereas participants in the hindsight condition did not significantly
change from baseline following the training phase, M = -0.01, SE = .01, #(90) =-0.37,p=.71,d
= -.04. Consistently, participants in the foresight-with-feedback condition reported greater
efficacy beliefs following the training phase (M = 3.92, SE = 0.11) than participants in the
hindsight condition, M = 3.25, SE = 0.12, #197) = 4.23, p <.001, d = .60. However, participants’

difficulty perceptions did not significantly differ by training condition, #(197) =-1.09, p = .28, d



= -.16. Thus, although hindsight participants thought they would have answered more correctly
than foresight with feedback participants answered correctly, hindsight participants nonetheless
reported lower prospective confidence and efficacy beliefs than foresight-with-feedback
participants. This finding is inconsistent with what would be expected if participants were basing

their prospective confidence solely on their perceived performance.

Training Conditions did not have significant effects on Retrospective Confidence. Regarding
the testing phase, participants did not significantly differ by training condition in their average
confidence in the testing phase (#(197) = 1.10, p = .28, d = .16), their average response times in
the testing phase (#(197) = 1.60, p = .25, d = .17), their confidence accuracy (i.e., their over-
/under-confidence; #(197) = -0.09, p = .93, d =-.01), and the sensitivity of their confidence to
their accuracy, #(197) = 0.29, p = .78, d = .04. However, participants in the foresight-with-
feedback condition were more calibrated in their confidence judgments as assessed through Brier
Scores (M = .18, SE = .01) than in the hindsight condition, M = .21, SE = .01, #197) =-2.70, p =
.007, d = -.38. The lack of differences between conditions regarding retrospective confidence is
consistent with the findings in Study 1; however, it is inconsistent with the observed differences

in prospective confidence.

Hindsight weakened the association between confidence and accuracy between subjects.
Two separate linear regressions were fit predicting participants’ post-training prospective
confidence and participants’ average trial-by-trial retrospective confidence from their accuracy
on the test trials, the training condition, and the interaction of accuracy and condition. There was
a significant interaction of training condition and accuracy predicting prospective confidence, b

=-0.60, SE = 0.20, £195) = -3.02, p = .003; R> = .27, Adjusted R> = .26. Participants who
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received training in hindsight exhibited a weaker association between their prospective
confidence and their accuracy (b = 0.44, SE =0.14, 95% CI: [0.16, 0.71]) than participants who
received training in foresight with feedback, b = 1.04, SE = 0.14, 95% CI: [0.76, 1.32]. See
Figure 4.3. Moreover, there was a significant interaction of training condition and accuracy
predicting average retrospective confidence, b = -0.46, SE = 0.15, #(195) = -3.08, p = .002; R’ =
.19, Adjusted R’ = .17. Participants who received training in hindsight exhibited a weaker
association between their prospective confidence and their accuracy (b =0.21, SE = 0.10, 95%
CI: [.0002, 0.41]) than participants who received training in foresight with feedback, b = 0.67,
SE=0.11, 95% CI: [ .46, 0.88]. See Figure 4.4. Although participants’ individual confidence
sensitivities did not significantly differ between training conditions, hindsight appeared to reduce
the association between confidence and accuracy between subjects. In other words, participants’
confidence was less sensitive to their performance between subjects in hindsight compared to
foresight with feedback. This pattern of results is somewhat consistent with the observation of
Dawson and colleagues (1993) that physicians’ confidence in their predictions was unrelated to
their accuracy, which they attributed to repeated hindsight bias experiences. The question then
becomes why did the foresight with feedback participants become more confident and calibrated

relative to the hindsight participants?
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Figure 4.3. Expected marginal means of prospective confidence by test accuracy and training
condition. Bands represent 95% confidence intervals.
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Figure 4.4. Expected marginal means of retrospective confidence by test accuracy and training
condition. Bands represent 95% confidence intervals.

Hindsight muted Affective Responses to Feedback. To investigate participants’ self-reported
affective responses, separate hierarchical regressions were fit predicting participants’ reported
affect valence and arousal from their trial-by-trial accuracy and their training condition with
random intercepts for each participant and each trial. We also explored whether participants’ self-
reported tendencies to monitor and evaluate their decision goal attainment moderated these

effects.

Regarding participants’ reported valence, there was a significant main effect of trial-level
accuracy across both conditions such that participants felt more positive when they perceived

they were/would have been correct (M = 0.70, SE = 0.04) then incorrect, (M =-0.23, SE = 0.04,
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F(1,4695.2) = 1429.51, p <.001), supporting H2.1 (that participants’ affective responses would
be sensitive to whether they were/would have been correct/incorrect). There was no significant
main effect of training condition, F(1, 212.1) = 0.04, p = .84. However, there was a significant
interaction between training condition and trial-level accuracy such that participants in the
foresight-with-feedback were reported feeling more negative when incorrect but also more
positive when correct than participants in the hindsight condition, F(1, 4695.2) =211.43, p <
.001. See Figure 4.5. Thus, consistent with H2.2a (that affective responses would be more
sensitive to accuracy for foresight-with-feedback compared to hindsight participants) and the
confidence/accuracy relationship above, participants’ affective valence was more sensitive to

their accuracy in the foresight-with-feedback condition than in the hindsight condition.
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Figure 4.5. Estimated marginal means of affective valence by feedback and training condition.
Error bars represent 95% confidence intervals.
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Including metacognitive awareness, participants’ self-reported tendency to evaluate their goal
attainment was part of a significant three-way interaction with training condition and trial-level
accuracy (b =0.41, SE = 0.08, #(4698.71) = -5.35, p <.001). Specifically, greater evaluation
tendency was associated with less negative affect valence when participants said they would
have been incorrect in the hindsight condition (b = 0.35, SE =0.11, 95% CI:[0.15, 0.56]) but was
not associated with valence when participants were incorrect in the foresight-with-feedback
condition, b =-0.03, SE = 0.08, 95% CI:[-0.20, 0.13]. See Figure 4.6. This finding is inconsistent
with H2.2b (that greater metacognitive awareness would be associated with greater sensitivity of
affect to accuracy); greater tendency to evaluate goal attainment appears to be associated with

lower affect valence sensitivity for participants in the hindsight condition, specifically.

Foresight w/ Feedback Hindsight

5] Trial-Level
S Accuracy

00-
. ~ E] Incorrect
‘L— Correct

Estimated Marginal Means of
Reported Affect Valence

N -
)

1 2 3 4 1
Evaluation

Figure 4.6. Estimated marginal means of affective valence by feedback, training condition, and
evaluation tendency. Bands represent 95% confidence intervals.

Regarding participants’ reported arousal, there was a significant main effect of training condition

such that participants experienced greater affective arousal in the foresight-with-feedback
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condition (M = 2.85, SE = 0.07) than in the hindsight condition, M = 2.60, SE = 0.08, F(1, 207.4)
=5.90, p = .02. There was no significant main effect of trial-level accuracy, F(1, 4675.1) = 1.87,
p = .17. There was no significant interaction between training condition and trial-level accuracy,
F(1,4675.1) = 0.49, p = .48. Thus, participants’ affective arousal was greater in the foresight-
with-feedback condition than in the hindsight condition and was not sensitive to their accuracy.

Participants’ self-reported metacognitive awareness did not moderate any effects. See Figure 4.7.
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Figure 4.7. Estimated marginal means of affective arousal by feedback and training condition.
Error bars represent 95% confidence intervals.

Affective Responses and Prospective Confidence. Next, we wanted to investigate whether
affective responses informed prospective confidence. To test H2.3 (that valence and arousal of
affective responses would predict changes in prospective confidence), we used participants’ self-
reported affective responses to predict their change in prospective confidence from baseline,
controlling for their accuracy in the training phase. Specifically, we predicted participants’

change in prospective confidence from their average valence and arousal to positive feedback,
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their average valence and arousal to negative feedback, and their accuracy in the trials (R? = .20,
Adjusted R’ = .17). Participants who were more accurate in the foresight-with-feedback condition
and participants who indicated they would have been more accurate in the hindsight condition
during the training trials reported more positive change in prospective confidence after the
training trials, b = 0.40, SE = .08, #(168) = 5.09, p <.001. Moreover, participants who reported
feeling more positive affect to positive feedback also reported more positive change in
prospective confidence after the training trials, b = 0.07, SE = .02, #(168) = 4.04, p <.001. See
Figure 4.8. Participants’ affective arousal and valence when incorrect did not significantly
predict change in prospective confidence. Additionally, none of these predictors moderated each
other; thus, no support existed for RQ2.1 (that participants with greater metacognitive awareness
would change confidence more in line with affective responses). This finding is partially
consistent with H2.3. Participants’ affective valence, particularly to positive feedback, increased
prospective confidence; however, affective arousal did not play a significant role. Moreover,
affective responses to negative feedback had no significant effect on prospective confidence,

suggesting an asymmetry in learning from positive and negative feedback.
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Figure 4.8. Estimated marginal means of change in prospective confidence by affect valence to
positive feedback and training accuracy. Bands represent 95% confidence intervals.

Hindsight participants indicated that they would have been more accurate than foresight-with-
feedback participants were actually accurate. However, hindsight participants also experienced
less affective responses than foresight-with-feedback participants. Given that participants who
perceived they were more accurate and participants who felt more positive toward positive
feedback tended to increase in prospective confidence more, we investigated whether these
processes conflict when participants gain experience in hindsight. We ran a mediation analysis to
investigate how the training condition impacted participants’ prospective confidence bias through
training accuracy and participants’ affective responses. We first specified a saturated parallel
mediation model then non-significant pathways were removed to make a more parsimonious
model (y* (df= 1) =2.30, p = .13, Robust CFI = .98, Robust TLI = .83, RMSEA = .08, SRMR =
.02). There were significant indirect effects of the training condition on prospective confidence

bias through training accuracy (a/bl = .05, z = 2.34, p = .02) and affect valence to positive
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feedback, a2b2 =-.08, z=-3.01, p = .003. The model results suggest that perceived accuracy and
affective responses, particularly to positive feedback, both influence prospective confidence bias,
but that hindsight had opposite effects on these factors. These cognitive and affective indirect

effects effectively cancelled each other out concerning prospective confidence bias, abowm = -.03,

z=-1.91, p=.36. See Figure 4.9.
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Figure 4.9. Parallel mediation model depicting indirect effects of training condition on
prospective confidence bias (the difference between predicted and actual accuracy for the test
phase) with standardized path coefficients. * indicates < .05, ** indicates < .01, *** indicates >
.001.

Affective Responses and Retrospective Confidence. Next, we extended the mediation model to
explore the effects on retrospective confidence and created a serial mediation model in which the
training condition affected training accuracy and affect valence to positive and negative
feedback, which affected prospective confidence bias, which in turn, affected retrospective
confidence for correct and incorrect answers. We first specified a saturated serial mediation

model and then removed non-significant pathways to make a more parsimonious model (3> (df =
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8) =9.19, p = .33, Robust CFI = .99, Robust TLI = .99, RMSEA = .03, SRMR = .04; See Figure
4.10). See Table 4.3 for all significant indirect effects of training conditions on retrospective
confidence. More positive affect to positive feedback informed retrospective confidence for
correct and incorrect answers through prospective confidence. Moreover, more negative affect to
negative feedback in training was associated with lower confidence judgments when incorrect in
the test. These findings suggest that affective responses to negative feedback during training
influence the extent to which participants’ retrospective confidence judgments reflect their actual
performance. Consistently, participants who experienced more positive affect when they were
incorrect during training later showed lower sensitivity in their retrospective confidence
judgments (r =-.19, p = .01). Overall, the indirect effects of the training condition on
retrospective confidence for correct (abccorrect = .04, z = 1.56, p = .12) and incorrect (abcincorrect =

.05, z=1.71, p = .09) answers cancelled out.
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retrospective confidence for correct and incorrect answers with standardized path coefficients. *
indicates < .05, ** indicates < .01, *** indicates > .001.

Standardized
Path Estimate Z-Value p-Value
Training > Training Accuracy > Retrospective 0.06 291 004
Confidence Correct
Training > Affect Valence to Negative Feedback >
Retrospective Confidence Incorrect 0.06 2.61 009
Training > Training Accuracy > Prospective
Confidence Bias > Retrospective Confidence 0.02 2.23 .03
Correct
Training > Training Accuracy > Prospective
Confidence Bias > Retrospective Confidence 0.02 2.18 .006
Incorrect
Training > Affect Valence to Positive Feedback >
Prospective Confidence Bias > Retrospective -0.04 -2.78 .005
Confidence Correct
Training > Affect Valence to Positive Feedback >
Prospective Confidence Bias > Retrospective -0.03 -2.70 .009
Confidence Incorrect

Table 4.3. Significant indirect effects training condition on retrospective confidence for correct

and incorrect answers.
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Given the importance of affect and prospective confidence in retrospective confidence
judgments, we sought to test if affective responses affected participants’ retrospective confidence
bias—the difference between average retrospective confidence and accuracy—and sensitivity.
Thus, we modified the serial mediation model to explore the effects on retrospective confidence
bias and sensitivity. In the resulting serial mediation model, the training condition affected
training accuracy and affect valence to positive and negative feedback, which affected
prospective confidence bias, which in turn, affected retrospective confidence bias and sensitivity.
We first specified a saturated serial mediation model and then removed non-significant pathways
to make a more parsimonious model (¥ (df = 7) = 6.12, p = .53, Robust CFI > .99, Robust TLI >
.99, RMSEA <.001, SRMR = .03; see Figure 4.11). Prospective confidence bias mediated the
positive effects of affect valence to positive feedback and training accuracy on retrospective
confidence bias. However, there was a direct effect of affect valence to negative feedback on
retrospective confidence bias. Training accuracy and affect valence to negative feedback both
directly influenced retrospective sensitivity. Overall, the indirect effects of the training condition
on retrospective confidence bias (abccorrect = .04=3, z = 0.78, p = .44) and sensitivity (abcmcorrect
<.01,z<0.01, p =.99) cancelled out. See Table 4.4 for all significant indirect effects of training

conditions on retrospective confidence bias and sensitivity.
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Figure 4.11. Serial mediation model depicting indirect effects of training condition on

Standardized
Path Estimate Z-Value p-Value
Training > Tr.alnlng Accuracy > Retrospective 0.04 212 03
Confidence Bias
Training > Af.fect Valence Incorrect > Retrospective 0.08 3.03 002
Confidence Bias
Training > Traln.nTg.Accuracy > Retrospective 0.07 265 008
Confidence Sensitivity
Training > Affec? stlence Incorrect > Retrospective 0.07 541 0
Confidence Sensitivity
Training > Training Accuracy > Prospective 0.03 298 02
Confidence Bias > Retrospective Confidence Bias i : :
Training > Affect Valence Correct > Prospective 0.05 590 004
Confidence Bias > Retrospective Confidence Bias ] ] ]

Table 4.4. Significant indirect effects of training condition on retrospective confidence bias and

sensitivity.
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Based on Figure 4.11°s results, experiencing negative affect toward perceived mistakes appears
necessary for confidence to be sensitive to accuracy. Thus, we investigated whether affective
valance toward negative feedback moderated the relation between accuracy and retrospective
confidence. We fit a hierarchical linear model predicting trial-by-trial retrospective confidence
from trial-level accuracy, participants’ average reported valence to negative feedback, and the
interaction of accuracy and valence to negative feedback (Marginal R’ = .12, Conditional R* =
.37). Participants were more confident when correct than when incorrect (F(1, 7488.9) =
1029.62, p < .001) and more confident when their average valence to negative feedback was
more positive, F(1,223.7) = 17.49, p < .001. Moreover, valence to negative feedback and
accuracy interacted (b =-0.04, SE = .01, #(7504) =-5.14, p <.001), such that confidence was
lower for incorrect responses when valence was more negative, (b = 0.06, SE =0.01, 95% CI-
[0.03, 0.09]. See Figure 4.12. Additionally, we fit a linear regression predicting participants’
average retrospective confidence from their overall accuracy on the test, participants’ average
reported valence to negative feedback in training, and the interaction of accuracy and valence to
negative feedback (R’ = .22, Adjusted R’ = .21). There was a significant interaction between
overall accuracy and valence to negative feedback (b =-0.21, SE = .09, t(170) = -2.43, p = .02),
such that participants who reported less negative valence to negative feedback had a weaker
association between their retrospective confidence and their overall accuracy. See Figure 4.13.
Thus, participants who reported more negative affect to negative feedback exhibited greater

retrospective confidence sensitivity both within and between subjects.

144



08-

(0]
(6]
C 8
S P
T 07- S | B
2 =
c -
8 e
o ‘“'___ Trial-Level
‘g 06- Accuracy
§ E] Incorrect
= E Correct
& 05-
k=
e
=
>
Q
3 04-
B
.
-
2 -1 0 1 2

Average Affect Valence to Negative Feedback
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Figure 4.13. Estimates marginal means of average retrospective confidence by overall test
accuracy and affective valence to negative feedback. Bands represent 95% confidence intervals.
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Study 1 Models of Deliberation and Retrospective Confidence Largely Replicate. In Study
1, we found that prospective confidence predicted trial-by-trial retrospective confidence even
when controlling for response times and accuracy (both at the trial level and participant level).
This association supported the Confidence Cycle, which suggests that prospective confidence
informs retrospective confidence. We sought to replicate the relation between prospective and
retrospective confidence from Study 1 and test H2.4 (that greater prospective confidence would
be associated with greater retrospective confidence). We explored whether we could predict trial-
by-trial retrospective confidence judgments from the prospective confidence, trial-by-trial
accuracy, trial-by-trial response times, the metacognitive awareness subscales, and overall
accuracy as a proxy for ability, Marginal R’ = .25, Conditional R’ = .47. All independent
variables other than accuracy were standardized. We found that greater prospective confidence
predicted greater retrospective confidence (F(1, 194.2) = 96.34, p <.001; supporting H2.4),
participants were more confident when they answered quickly than slowly (F(1, 8657.1) =
117.45, p <.001), and participants were more confident when correct than when incorrect (F(1,
34390) = 8512.5, p <.001). The metacognitive awareness measures did not significantly predict
retrospective confidence. We also found a significant interaction between prospective confidence
for the test and trial-by-trial response time (b =-0.01, SE =.002, ¢ =-3.64, p <.001) such that
prospective confidence was a stronger predictor of trial-by-trial retrospective confidence
judgments for fast decisions than slow decisions. We also found a significant interaction between
overall test accuracy and trial-by-trial accuracy (b = 0.05, SE =.005, t=11.13, p <.001) such
that participants who performed better on the test demonstrated greater sensitivity of their

retrospective confidence judgments to their trial-by-trial accuracy.
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In Study 1, we also found that prospective confidence had a parabolic relation with response
time. This relation supported the Confidence Cycle, which suggests that prospective confidence
modulates decision processes. We sought to replicate the relation between prospective
confidence and response time from Study 1 and test H2.5 (that there is a parabolic relation
between prospective confidence and response times). We tested whether we could predict trial-
by-trial response times from prospective confidence (quadratic and linear terms), trial-by-trial
accuracy, and overall accuracy (standardized) as a proxy for ability and the interaction of trial-
level accuracy and overall accuracy, Marginal R’ = .04, Conditional R’ = .23. In addition to the
quadratic and linear effects of prospective confidence (bquadratic = -1.75, SE = 0.68, t = -2.58, p =
.01; biinear = 1.84, SE = 0.78, t = 2.36, p = .02), participants were slower at answering when
correct (M =3.28, SE = .04, 95% CI: [3.19, 3.37]) than when incorrect, M = 3.03, SE = .05, 95%
CI: [2.94,3.12],z=-11.26, p < .001. There was also a significant interaction between trial-level
accuracy and overall test accuracy (b = 0.08, SE = 0.02, = 3.69, p <.001) such that participants
who were overall more accurate were slower when they were correct than participants who were
overall less accurate (b =1.27, SE = 0.28, 95% CI: [0.72, 1.82]) but the relation between speed
and overall accuracy was weaker when participants were incorrect, b = 0.65, SE = 0.30 95% CI:
[0.07, 1.23], z=3.69, p <.001. We observed an inverse-U-shaped relation between prospective
confidence and response times consistent with H2.5 and Study 1.

Drift Diffusion Modeling. To investigate the effects of hindsight compared to foresight with
feedback on decision processes, reaction times and choice data were analyzed using a Bayesian
drift diffusion modeling (DDM) with regressors predicting random variation in drift rates (v, the
average rate of evidence accumulation supporting the correct v. incorrect answer) and threshold

separation (a, the amount of required to make a decision) using the HSSM package in Python
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(Fengler et al., In Preparation). For the drift diffusion modeling, participants were excluded from
analysis if they answered more than 90% of the test trials correctly to ensure the model would fit.
Trials were excluded if they were faster than .30 seconds. This additional cleaning left us with
8,002 trials across 183 participants. Specifically, we predicted drift rates and threshold separation
from the training condition (with hindsight coded as 1 and foresight-with-feedback coded as 0).
Bayesian priors were specified for the regressors using a NUTS sampler, the z parameter was
constrained to 0.50, and model convergence was assessed via R-hat and Monte-Carlo Standard
Error (MCSE) diagnostics. The DDM indicated that drift rate (v) was significantly lower for
participants in the hindsight condition compared to the foresight-with-feedback condition
(MPosterior = -0.08, 95% HDI: [-0.11, -0.04]). Moreover, the thresholds (a) were significantly
narrower for participants in the hindsight condition compared to the foresight-with-feedback
condition (MPposterior = -0.11, 95% HDI: [-0.17, -0.05]). Convergence diagnostics showed R-hat <
1.01 and MCSE < .01 for all parameters. The hindsight training caused people to be less cautious
and accumulate evidence more slowly than the foresight-with-feedback training. See Table 4.5

for all model parameter estimates.
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Parameter Regressor Mean (MCSE) SD (MCSE) 95% HDI R-hat

Starting | - 0.50 () - - -
Point Bias
&
Non- | - 0.39 (0) <0.001 (0) [0.39,0.39] 1.00
Decision
Time
(D
Drift Rate | Intercept 0.53 (0) 0.008 (0) [0.52, 0.55] 1.00
(v) | Hindsight (v. -0.08 (.001) 0.02 (0) [-0.11,-0.04] 1.00
Foresight-
with-
Feedback)
Threshold | Intercept 2.10 (.001) 0.02 (0) [2.07,2.14] 1.00
Separation | Hindsight (v. -0.11 (.001) 0.03 (.001) [-0.17,-0.05] 1.01
(a) | Foresight-
with-
Feedback)

Table 4.5. Fitted DDM parameter estimates by training condition. The mean and standard
deviation are for the posterior distribution. The starting point was constrained to 0.50.

Next, we wanted to investigate the relation between prospective confidence and the decision
processes. To investigate the nature of the relation between prospective confidence, we allowed
for a non-linear relation for prospective confidence given the observed parabolic relation
between prospective confidence and response times. Specifically, we predicted drift rates and
threshold separations from participants’ prospective confidence, both squared and linear, to
investigate the quadratic relation. The DDM indicated that drift rate (v) was exponentially higher
for participants with greater prospective confidence (Mposterior Quadratic = 0.91, 95% HDI: [0.73,
1.00]; Mposterior_Linear = 0.03, 95% HDI: [-0.15, 0.24]). Inconsistent with H2.5, there was an
exponentially increasing relation between prospective confidence and thresholds’ separation
(MPosterior_Quadratic = 0.86, 95% HDI: [0.60, 1.00]; MPposterior Linear = 0.58, 95% HDI: [0.32, 0.88]).
Convergence diagnostics showed R-hat < 1.01 and MCSE < .01 for all parameters. Greater

prospective confidence was associated with faster evidence accumulation (particularly for higher
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levels of prospective confidence) and more cautious decision making. See Table 4.6 for all model

parameter estimates. See Figure 4.14 for a depiction of the relations between prospective

confidence and decision processes.

Parameter Regressor Mean (MCSE) SD (MCSE) 95% HDI R-hat
Starting | - 0.50 (-) - - -
Point Bias
()
Non- | - 0.39 (0) 0.001 (0) [0.39, 0.39] 1.00
Decision
Time
(T)
Drift Rate | Intercept 0.17 (.001)  0.04 (.001) [0.10, 0.24] 1.00
(v) | (Prospective 0.91 (.003)  0.09 (.002) [0.73, 1.00] 1.01
Confidence)?
Prospective 0.03 (.003)  0.10(.002) [-0.15, 0.24] 1.00
Confidence
Threshold | Intercept 1.54 (.001)  0.05(.001) [1.45,1.63] 1.00
Separation | (Prospective 0.86 (.006)  0.13 (.004) [0.60, 1.00] 1.01
(a) | Confidence)?
Prospective 0.58 (.006)  0.14 (.005) [0.32, 0.88] 1.01
Confidence

Table 4.6. Fitted DDM parameter estimates by prospective confidence. The mean and standard
deviation are for the posterior distribution. The starting point was constrained to 0.50.
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Discussion

As expected, participants in the hindsight condition indicated that they would have answered
more items correctly than participants in the foresight with feedback conditions actually
answered items correct, suggesting that we successfully induced hindsight bias (Hoch &
Loewenstein, 1989). However, unexpectedly based on Study 1, participants in the hindsight
training condition reported lower prospective confidence and task efficacy beliefs than
participants in the foresight-with-feedback condition. In addition, participants in the hindsight
condition did not show any significant change in their prospective confidence from baseline (as
would have been expected from the hindsight literature), whereas their counterparts in the
foresight-with-feedback condition increased in confidence. Further analyses suggested that the
hindsight condition may have had little effect on prospective confidence because of competing
effects—hindsight caused participants to perceive their accuracy for the training to be higher, but
also resulted in relatively muted affective responses to feedback. Participants felt more positive
to positive feedback than to negative feedback (H2.1 was supported), and the sensitivity of affect
to the feedback was less for participants in the hindsight training condition (H2.2a was
supported). Unexpectedly, participants who reported greater tendencies to evaluate their goal
attainment indicated less sensitive affective valence responses in the hindsight condition only.
Thus, H2.2b (that people with greater metacognitive awareness would have more sensitive
affective responses) was not supported. More positive affect toward positive feedback and
greater perceived accuracy were associated with increased prospective confidence. This finding
partially supported H2.3 (that participants' affect valence and arousal would predict changes in
prospective confidence). Affect toward negative feedback did not have a significant effect on

prospective confidence, and arousal did not moderate the effect. Interestingly, although affective
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responses to negative feedback did not appear to inform prospective confidence, they appear to
directly influence retrospective confidence judgments when participants are incorrect.
Consistently, participants who reported more negative affect to negative feedback gave more
sensitive retrospective confidence judgments. As expected (H2.4), greater prospective confidence
and task-specific efficacy beliefs were associated with greater retrospective confidence, even
when accounting for accuracy. We again observed a parabolic relation between prospective
confidence and response times (H2.5). However, drift diffusion modeling revealed that hindsight
participants required less evidence to decide and accumulated evidence more slowly.
Consistently, greater prospective confidence was associated with more cautious decision making

and faster evidence accumulation.

The drift diffusion models shed light on how prospective confidence is associated with decision
processes. In the Confidence Cycle, we assert that prospective confidence modulates decision
processes. In Study 1, we showed a parabolic relation between prospective confidence and
response times. The present study illuminates how prospective confidence could affect response
times—both by increasing the rate of evidence accumulation and cautiousness. We demonstrated
causal evidence that foresight-with-feedback (relative to hindsight) increases cautiousness and
the rate of evidence accumulation in subsequent decisions. We suggest that these effects of the
training conditions were due to the differences in prospective confidence causes. The results of
our DDM are somewhat consistent with Boldt and colleagues (2019), who found that learned
difficulty cues modulated decision threshold, with cues of easiness motivating more
cautiousness. Moreover, they found that easy cues also caused greater preparatory neural activity,

which could relate to our observed relation with the drift rate. However, our study is the first to
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model the relations between prospective confidence and decision processes in a non-perceptual
decision task. If we are correct that prospective confidence increased the rate of evidence
accumulation and cautiousness in decisions, there could be an indirect effect of prospective
confidence on retrospective confidence through decision processes. Indeed, faster drift rates and
more cautiousness are both associated with greater retrospective confidence (see Pleskac &
Busemeyer, 2010). However, it is possible that prospective confidence did not cause the
observed changes in decision processes. It is also possible that the affective responses played a
role in participants' decision processes, as well. We will discuss the potential role of affect in

decision processes further in Chapter 5.

One explanation for the relatively muted affective responses for hindsight participants is the
likely lack of surprise for participants in the hindsight condition. Mellers and colleagues (2013)
posited that experiencing surprise amplifies affect. For example, McGraw and colleagues (2004)
found that, when shooting basketballs, people felt more positive about making baskets and more
negative about missing baskets when they were surprised by whether or not they made the
basket. However, in hindsight, nothing is surprising because participants are not actually making
the decisions and getting feedback. Mellers and colleagues (2013) predicted that because of this
lack of surprise, both positive and negative events might become less emotional in hindsight. Our
findings are consistent with their prediction. Moreover, our finding suggests that there are
consequences for the lack of surprise, in that positive affect for success does not increase
confidence, and negative affect for failures does not allow people to recognize when they are

wrong.

As discussed in Chapter 1 (see Decision Processes Inform Retrospective Confidence), theories of
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retrospective confidence can be categorized into information-based and experiential theories.
Similarly, there appear to be cognitive (i.e., information-based) and affective (i.e., experiential)
pathways to learning prospective confidence. Indeed, in the present studies, participants appeared
to rely on their performance (whether real or judged in hindsight) to inform their prospective
confidence but also relied on their affective responses, particularly to positive feedback. We find
that training in hindsight had different effects on these two pathways. Regarding the cognitive
pathway, hindsight increased participants’ perceived performance, which was associated with
increased prospective confidence (even when actual test performance was accounted for). This
finding is consistent with classic assumptions that hindsight increases confidence by making
people spuriously believe they are correct more (see Hawkins and Hastie, 1990; Dawson et al.,
1993; Roese & Vohs, 2012). However, a different story emerged in the affective pathway.
Participants’ affective responses to feedback were relatively muted in the hindsight condition.
Participants’ more positive affect to positive feedback, in particular, appears to have led to
greater prospective confidence for participants in the foresight-with-feedback condition
compared to the hindsight condition. These competing pathways appear to have cancelled each

other out in the present study when it came to the participants in the hindsight condition.

The existence of two opposing pathways suggests that hindsight could increase or decrease
prospective confidence relative to foresight, depending on the learning conditions. For example,
if the task was more difficult in training, the effect of hindsight (versus foresight) on perceived
accuracy might be greater (Winman et al., 1998). With a greater difference in perceived
performance, the cognitive pathway could overcome the affective pathway to increase

prospective confidence relative to foresight. Alternatively, if participants in foresight were made
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to feel more positive about their answers and the task was easier, the affective pathway could
overcome the cognitive pathway. In this case, foresight might increase prospective confidence

more than hindsight.

When it comes to learning prospective confidence more broadly, it is interesting to consider the
implications of the cognitive and affective pathways. The cognitive pathway is likely reliant on
memory. As such, high cognitive load during the training might diminish working memory
capacity and diminish the cognitive pathway relative to the affective pathway. Moreover, the
cognitive pathway might be more susceptible to other memory biases, such as recency effects,
and possibly memory distortions. This pathway might be less prone to bias when people are
provided with veridical feedback. However, the role of the cognitive pathway is unclear when
there is no feedback. Any cognitive pathway would likely be based entirely on retrospective

confidence.

Conversely, the affective pathway might be susceptible to misattribution from various sources
during training (Schwarz & Clore, 1983). For example, mood effects or emotions elicited by the
task that are independent of performance could influence learned prospective confidence through
the affective pathway (e.g., Wright & Mischel, 1982; Lyubomirsky et al., 2005). In the present
study, we also observed an asymmetric influence of affect to positive and negative feedback on
prospective confidence. Consistently, Salem-Garcia and colleagues (2023) suggest that
confidence biases arise from learning biases in reinforcement learning contexts such as
asymmetric updating. This reinforcement learning mechanism appears to be the case for the

affective pathway for learning prospective confidence.

Even though affect to negative feedback did not influence prospective confidence (going into the
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test phase), it did appear to inform retrospective confidence (during the test phase trials). In fact,
participants who experienced more negative affect to negative feedback were less confident in
their answers when incorrect, had more negative retrospective confidence bias, and demonstrated
greater sensitivity in their retrospective confidence. These effects might also explain why
participants in the hindsight condition were significantly less calibrated (in terms of Brier
Scores) than those in the foresight-with-feedback condition. We suspect that affective responses
are important for people to learn what it feels like to be wrong. These findings are consistent
with the reasoning of Dawson and colleagues (1993) that hindsight bias can disassociate
confidence from accuracy. These findings suggest that people need to feel wrong to learn and to
be able to recognize what being wrong feels like. On the other hand, feeling good when right can

increase prospective confidence.

We suggest that when participants receive negative feedback and experience negative affect in
training, they begin to associate that negative affect with specific decision-making experiences
that cue being wrong, such as slower responding and experienced disfluency, or with cues of task
difficulty. This explanation is similar to Damasio’s (1994) somatic marker hypothesis. When
participants experience these cues in the testing phase, they might experience negative
anticipatory affect and lower their confidence judgments accordingly. Indeed, people have been
able to learn task difficulty cues and to change their prospective confidence based on those cues
in perceptual decision tasks (Boldt et al., 2019). When those cues switched so that they no longer
reflect difficulty, the cues still influenced prospective confidence and retrospective confidence
judgments. Future research should investigate the role of affect in learning task difficulty cues

and potential cues in the decision-making experience to inform retrospective confidence.
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Moreover, future research could attempt to make affect to negative feedback more or less

negative to investigate the effects on retrospective calibration.
Limitations

The present study was limited in several ways. First, the sample was relatively small (N=199).
Our final sample was limited mostly by the expiration of the software needed to collect EDA
data. This software expiration put a strict end date on our data collection. The small sample size
limits our power for between-subjects analyses. However, the primary focus of the present study
was on participants’ affective responses during training, for which we had about 25 trials for
each participant. By analyzing the effects of the training manipulation and feedback on the trial
level, we were able to maintain a high level of power for investigating affective responses.
However, power was weaker for between-subjects analyses, especially for interaction analyses.
For example, we did not find any significant interactions between metacognitive awareness and
affective responses in predicting prospective confidence (RQ?2.1). It is possible that a larger
sample would have provided enough power to find that participants with greater

monitoring/evaluating tendencies relied on their affective responses more.

The present study did not include foresight without feedback as a condition. This exclusion was
because the goal was to investigate the role of affect in learning from outcome information.
When participants learn in foresight without feedback, they do not learn the correct answers.
This lack of feedback does not mean that participants do not experience affective responses in
foresight without feedback. We suspect that in this case, participants learn prospective
confidence from their retrospective confidence and their affective responses to their perceived

accuracy. Future research could assess the relationship between affective responses and
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retrospective confidence in learning confidence. Without a foresight condition, we could not
assess whether participants experienced hindsight as defined in Study 1—the difference in
reported accuracy and actual accuracy between participants in the hindsight and foresight
conditions, respectively. However, given that participants in the foresight and foresight-with-
feedback conditions did not significantly differ in their accuracy in the training nor the testing
phase of Study 1, we feel that the comparison between hindsight and foresight-with-feedback

represents a reasonable proxy for assessing if participants experienced hindsight bias.

One potential explanation for why affective responses to positive feedback—but not negative
feedback—were associated with prospective confidence is based on how we elicited prospective
confidence judgments. Participants were asked the number of test trials they expected to answer
correctly, which might have made participants overweight their affect when they were correct. It
is possible that affect toward negative feedback could have predicted prospective confidence if it
was elicited as the number of test trials participants expected to get incorrect. We cannot rule out
this explanation. However, the finding that positive outcomes outweigh negative outcomes when
learning confidence is not unique to our study. Salem-Garcia and colleagues (2023) similarly
found asymmetric updating in reinforcement learning favoring positive outcomes and
subsequently observed overconfidence for the same task. Moreover, Brown (1984) found that
incidental positive affect increased attributions for successes to stable, internal factors (e.g.,
efficacy beliefs). Moreover, the present study cannot determine if asymmetric updating is a
unique feature of the affective pathway or if it also occurs in the cognitive pathway. The present
study did not vary the number of training trials and thus cannot dissociate between the amount of

positive and the amount of negative feedback. Further research on reinforcement learning and
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confidence might try to assess the cognitive and affective pathway separately to investigate if the

asymmetry is unique to the affective pathway.

Finally, the present study is somewhat limited in its causal claims about hindsight and
retrospective confidence. The manipulations did not yield many significant effects on
retrospective confidence overall. However, mediation analyses suggested possible indirect
effects from the manipulation through cognitive and affective pathways, prospective confidence,
and ultimately to retrospective confidence. While most of the group comparisons did not yield
significant differences, the groups did significantly differ in their Brier Scores, consistent with

the mediation models.

Significance and Contributions to the Field

The present study highlights the role of affect in learning prospective confidence. In the proposed
Confidence Cycle, we suggested that prospective confidence is learned from and updated by
retrospective confidence. This study shed light on the process underlying how prospective
confidence is learned, suggesting that there is a cognitive component as well as an affective
component. Further, affective responses to negative feedback appeared to be particularly
important for people to learn to recognize errors (thus, they are associated with greater sensitivity
of retrospective confidence to accuracy), whereas affective responses to positive feedback were
associated with greater prospective confidence. Moreover, there is a neurological basis for the
role of affect in learning prospective confidence and learning to recognize errors. Bechara and
colleagues (1997) found that healthy people (as opposed to patients with bilateral damage to their
ventromedial prefrontal cortices [VMPFC]) developed affective responses to choosing “bad”

decks in a gambling task (decks that would in the long run result in net losses) after only a few
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negative outcomes. The healthy participants would experience anticipatory affect when choosing
“bad” decks and start to avoid them, even without conscious awareness that the decks were bad.
Patients with VMPFC damage, however, never developed these anticipatory affect responses,
and, even if they could identify that the decks were bad, they would continue to pick the “bad”
decks. Euston and colleagues (2012) suggest that the medial PFC learns and stores associations
between events, context, locations, and corresponding emotional responses. Moreover, Lebreton
and colleagues (2015) found that the VMPFC automatically integrates retrospective confidence
in encoding values of choices, and multiple functional MRI studies have suggested that
prospective confidence is associated with activity in the medial prefrontal cortex (Modirrousta &
Fellows, 2008; Schnyer et al., 2004). Future neurological research should investigate if damage
to the VMPFC impedes the learning of prospective confidence and retrospective confidence

sensitivity by interfering with the integration of affect with outcome expectations.

The existence of an affective pathway for learning confidence may have important implications
for improving calibration. When people are underconfident, it may be possible to address
confidence bias by increasing positive affect toward being correct. When people are
overconfident, reducing positive affect to correctness and increasing negative affect to
incorrectness could reduce bias. If people’s confidence judgments are insensitive to their
accuracy, increasing negative affect to incorrectness could help them learn how to identify errors
in their decision making. Additionally, the asymmetric learning of prospective confidence from
affect might help explain why people experience a “beginner’s bubble” (i.e., a rapid increase in
confidence without a comparable increase in ability) when learning something new (Sanchez &

Dunning, 2018).
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Regarding hindsight bias, we find mixed support for the assumption that hindsight bias leads to
overconfidence. The cognitive pathway appears to support the idea that hindsight increases
confidence because people experience more spuriously positive feedback. However, the present
study is the first known to support the speculation of Mellers and colleagues (2013) that affective
responses are weaker in hindsight. Given that affect responses also appeared to inform
prospective confidence, muting these responses lowers prospective confidence. In the present
study, although participants who trained in hindsight appeared to have experienced hindsight bias
(reporting greater accuracy than participants in the foresight-with-feedback conditions were
actually accurate), they did not have any increase in prospective confidence from baseline. This
lack of an increase challenges the long-standing assumptions that “Hindsight effects undoubtedly

contribute to overconfidence...” (Hawkins & Hastie, 1990, p. 315).
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V. GENERAL DISCUSSION
The pilot studies (Chapter 2) and two experiments (Chapters 3 and 4) in the present dissertation
were designed to 1) investigate the relationship between hindsight bias and both prospective and
retrospective confidence, 2) study how the amount of hindsight experience might affect changes
in confidence, 3) begin to understand the consequences of prospective confidence and hindsight
bias on confidence calibration and decision processes, and 4) investigate emotional processes
underlying how people learn confidence from experiences. In Study 1, we found that participants
who experienced training for a novel binary math choice task in hindsight (participants were
given the answers and asked what they would have picked) reported greater prospective
confidence than participants who experienced training in foresight without feedback (participants
were never given the answers) but not greater than those who had received feedback. However,
evaluating participants’ changes from baseline, it appears that participants in the foresight
condition decreased in their prospective confidence, while participants in the hindsight and
foresight with feedback conditions remained steady. Thus, despite confirming that participants in
the hindsight condition experienced a hindsight bias, we did not find any increase in prospective
confidence due to the hindsight condition. Thus, GH1 (that repeated hindsight experiences vs
experiences in foresight [without feedback] would increase prospective confidence) was only
partly supported. The conditions had no significant effect on participants’ more general numeric
self-efficacy despite having effects on the task-specific efficacy beliefs. There were mixed results
of the effect of the training length on prospective confidence. The hypothesized interaction of
training length and condition (GH3: that more vs fewer hindsight experiences would increase
prospective confidence) emerged only when assessing participants’ change in their prospective

confidence from baseline; however, the pattern of results was more consistent with a greater
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number of trials in the foresight condition lowering prospective confidence rather than more
trials in the hindsight condition raising prospective confidence. Thus, GH3 was not supported.
Training in hindsight (v. foresight) increased retrospective confidence in subsequent decisions
(supporting GH2: that repeated hindsight experiences vs experiences in foresight [without
feedback] would increase retrospective confidence). However, this effect was diminished for
trial-by-trial judgments when participants decided slowly. There were no significant effects of
training length on retrospective confidence and thus no support for GH4 (that more vs fewer
hindsight experiences would increase retrospective confidence). Finally, we observed a parabolic
relation between prospective confidence and response times, suggesting that prospective
confidence might have a non-linear relation with deliberation (supporting GH5: that increases in
prospective confidence will motivate/demotivate deliberation on subsequent decisions).
Participants with greater tendencies to monitor their goal attainment were less underconfident
prospectively in the hindsight condition, generally, and in the foresight condition when training
was short. However, when training was long, participants in the foresight condition who reported
greater monitoring tendencies were more underconfident (GRQ2: whether metacognitive
awareness would moderate effects of training conditions on prospective and retrospective
confidence). Retrospectively, participants who reported greater monitoring were less
underconfident following training in the foresight condition when it was short, while participants
who reported greater monitoring were less underconfident following training in the hindsight and
foresight-with-feedback conditions when it was long. Put differently, high monitors were
generally more accurate in their confidence judgments following short training in foresight and

long training in hindsight and foresight with feedback. Participants did not significantly differ by
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condition in their confidence sensitivity (GRQ1: whether hindsight would reduce calibration and

sensitivity of retrospective confidence).

In Study 2, we generally replicated the findings that prospective confidence predicts
retrospective confidence (supporting GH2) and the parabolic relation between prospective
confidence and response times (supporting GHS). Moreover, drift diffusion modeling revealed
that changes in response times were the consequences of changes in both the rate of evidence
accumulation and the amount of evidence required to decide. Somewhat surprisingly,
participants in the foresight-with-feedback condition reported greater prospective confidence
than those in the hindsight condition. Similar to Study 1, participants in the hindsight condition
did not significantly change in prospective confidence due to the training. However, prospective
confidence increased during training for participants in the foresight-with-feedback condition.
Participants' affective responses were generally more muted in the hindsight condition than the
foresight-with-feedback condition. These affective responses appear critical to how participants
learn prospective confidence (supporting GH6: that affective responses to feedback during
training would predict changes in prospective confidence), and for participants to be sensitive to
errors. Participants in the hindsight condition exhibited a weaker relation between their average
accuracy and confidence, both for their prospective and retrospective confidence judgments, than
participants in the foresight-with-feedback condition. Moreover, participants in the hindsight
conditions were significantly less calibrated in their retrospective confidence judgments assessed

by Brier scores (GRQ1).

The results of the present dissertation offer important insights into the effects of hindsight bias,
prospective confidence, and affective responses for subsequent confidence judgments and
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decision processes. First, although participants in the hindsight condition reported greater
prospective confidence than those in the foresight (without feedback) condition, these effects
appeared largely due to decreases in the foresight condition rather than increases from hindsight
bias itself. As such, the present dissertation challenges the speculation that hindsight bias
“undoubtedly” causes overconfidence (Hawkins & Hastie, 1990; see Consequences of Hindsight
for Subsequent Confidence Judgments below). Second, prospective confidence appeared to play
a motivational role for decision processes and an informational role for retrospective confidence
judgments, consistent with the proposed confidence cycle (see Functions of Prospective
Confidence below). Finally, emotional responses during training appeared to play a critical role
in the learning of confidence: affective responses to positive feedback predicted shifts in
prospective confidence, and affective responses to negative feedback predicted how sensitive
participants' retrospective confidence judgments were to whether their decisions were correct or

incorrect (see Affect and Confidence below).

Consequences of Hindsight for Subsequent Confidence Judgments

Dawson and colleagues (1993) found that, when it came to estimating patients’ hemodynamic
status without performing right heart catheterization, more experienced participants were more
confident but no more accurate than less experienced physicians. Additionally, they observed no
relation between confidence and accuracy. Dawson and colleagues theorized that physicians
repeatedly experienced hindsight bias when assessing hemodynamic status and that more
experiences of hindsight bias increased confidence without an opportunity to improve accuracy.
Our findings were partially consistent with this explanation of the findings of Dawson and
colleagues. Experiencing hindsight bias during training did appear to have consequences for
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subsequent confidence judgments. Relative to participants in the foresight condition, participants
in the hindsight condition came out of the training trial with greater prospective confidence for
the subsequent test trials. Moreover, participants in the hindsight condition also had greater
retrospective confidence during the test trials, particularly for fast decisions. In Study 2, we
found that relative to participants in the foresight-with-feedback condition, participants in the
hindsight condition had a weaker relation between their confidence judgments and their
accuracy, interpersonally. This finding was somewhat consistent with Dawson and colleagues’
(1993) observed lack of a relation between confidence and accuracy. Inconsistent with the
findings and theorizing of Dawson and colleagues, we found no effect of the amount of
experience on participants’ prospective and retrospective confidence. Additionally, participants in
the hindsight condition did not show an increase in prospective confidence. Rather, participants
in the foresight condition decreased their prospective confidence following the training. To our
knowledge, Study 1 is the first study to investigate the consequences of experiencing hindsight

bias for subsequent confidence judgments for similar decisions.

Does hindsight bias cause overconfidence? The pattern of results in Study 1 was more consistent
with the hindsight condition protecting participants from losing confidence. However,
participants were, on average, underconfident for the task. Had participants’ confidence matched
their accuracy initially, we suspect that foresight participants would not have decreased in
prospective confidence, and the hindsight participants may have increased in prospective
confidence. Future studies should develop a task for which participants were not underconfident
to investigate whether hindsight bias increases confidence for subsequent decisions in that case.

Additionally, the protective effect of the hindsight condition (compared to the foresight
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condition) was short-lived. Following the training, participants in the hindsight and foresight-
with-feedback conditions had comparable levels of prospective confidence. However, after one
week, participants in the hindsight condition did not significantly differ in their prospective
confidence from those in the foresight condition; participants in the foresight-with-feedback
condition maintained their levels of prospective confidence. Overall, we did not show significant
effects of the number of training trials. It is possible that participants considered the experience
as a whole or attended to some subset of trials (e.g., they may have considered only the peak and
end; Kahneman et al., 1993). Future research should investigate whether having multiple distinct
sessions would cause there to be effects of the amount of experience rather than varying the
length of a single session. As they stand, our present findings call into question the long-held
assumption that “Hindsight effects undoubtedly contribute to overconfidence...” (Hawkins &
Hastie, 1990, p. 315). Although we suspect that hindsight could cause overconfidence, our
findings suggest that it is not a given and that the effects of hindsight on confidence might be

short-lived.

Can hindsight bias be leveraged to study the effects of prospective confidence? We found that
participants in the hindsight condition rated themselves as better at the task than those in the
foresight condition. This finding was consistent with the findings of Bradfield and Wells (2005)
that positive feedback caused participants to distort the quality of their decision making and see
themselves as better at making similar decisions. However, we did not observe any significant
effects on more general numeric self-efficacy. The present studies employed a numeric decision
task that was very simple; this methodological choice was more conducive for evaluating

response times, but may have limited our ability to alter the more general numeric self-efficacy.
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Specifically, all the trials used the same type of questions and were very simple so they could be
answered relatively quickly. To manipulate numeric self-efficacy more broadly, a wider variety
of items might be useful. If more varied training items are used, affording participants hindsight
for difficult math problems might be an effective way to manipulate numeric confidence relative
to having participants complete the problems without feedback. Using hindsight as a
manipulation might allow all participants to see the same math problems while still manipulating

confidence.

Functions of Prospective Confidence

While other studies have investigated the impact of prospective confidence on retrospective
confidence and decision making (e.g., Boldt et al., 2019; Ehrlinger & Dunning, 2003), this
dissertation represents the first study to do so at the level of individual decision and using non-
perceptual decisions. Across Studies 1 and 2, we demonstrated that biasing prospective
confidence through training biased subsequent retrospective confidence. Interestingly,
prospective confidence only predicted trial-by-trial retrospective confidence after controlling for
the effect of response times, suggesting that their judgments may rely on multiple cues
(consistent with Koriat, 2007). However, overall retrospective confidence (judged at the end of
the testing phase) was more closely related to prospective confidence and the training condition.
The relation between prospective confidence and overall retrospective confidence was consistent
with the finding of Ehrlinger and Dunning (2003 )—that efficacy beliefs informed judgments of
overall performance on a test. One possible explanation for why the relation between overall
retrospective confidence and prospective confidence is closer than that between trial-by-trial
retrospective confidence and prospective confidence is that the trial-level judgment takes the
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specific decision-making experience more into account. On the other hand, participants’ more
holistic retrospective confidence judgment might be based more on their prospective confidence.
However, it is also possible that the more similar response scales are responsible for the closer
relationship (prospective and overall retrospective confidence were indicated using sliders from
0-45, while trial-by-trial retrospective confidence was indicated using sliders from 0-100).
However, challenging the response scale explanation, a similar pattern was observed for the
relations between efficacy beliefs and the two types of retrospective confidence judgments—
efficacy beliefs are more strongly associated with overall retrospective confidence than trial-by-
trial retrospective confidence, despite efficacy being assessed using a six-point semantic
differential scale. Future work could try to distinguish between how retrospective confidence for
individual decisions versus a series of decisions is judged and the roles of each in how people
learn prospective confidence from retrospective confidence. In Study 1, participants’ reported
prospective confidence and efficacy beliefs after a week were more closely associated with their
overall retrospective confidence than their average trial-by-trial retrospective confidence,
suggesting that the more holistic judgments might matter more for updating prospective

confidence.

We find that, in addition to impacting subsequent retrospective confidence judgments,
prospective confidence might influence how people decide. Across Studies 1 and 2, we found
that prospective confidence had a parabolic relation with response times—participants tended to
make decisions slower when they had moderate levels of prospective confidence. In Study 2, we
employed drift diffusion modeling to investigate why response times varied by prospective

confidence. Greater prospective confidence was associated with greater cautiousness (wider
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evidence thresholds) and faster rates of evidence accumulation (drift rates). The finding that
greater cautiousness was associated with greater prospective confidence was consistent with
some prior findings (e.g., Boldt et al., 2019; who found more cautious decision making for
perceptual decisions cued to be easy) but somewhat inconsistent with others (e.g., Zhao et al.,
2022; who found more cautious decision making when disfluent text [believed to cue difficulty]
was used). Future work should continue to investigate what motivates more cautious decision
making and the role of prospective confidence. It is possible that other factors, such as mindset
(growth v. achievement) and incentives, play a role in whether prospective confidence motivates
or demotivates cautious decisions. It is also possible that there are different effects of trait-level
and state-level prospective confidence (Hamaker, 2023). It is possible that higher trait-level
prospective confidence increases cautiousness and state-level decreases in confidence also
motivate more cautious decisions making. These effects of trait- and state-level confidence could
help explain effects such as post-error slowing while being consistent with the findings of the
present dissertation. The finding that greater prospective confidence is associated with faster drift
rates is somewhat consistent with Bandura's (1997) theory of self-efficacy. Bandura suggests that
when people have low self-efficacy, they tend to ruminate on what can go wrong, “destress
themselves... and impair their level of functioning” (Bandura, 1997, p. 140). It is possible that
participants with low confidence focused on potential negative outcomes, which impeded their
ability to gather evidence. Indeed, attention has been shown to affect drift rates (Krajbich et al.,
2010; Nunez et al., 2017). Interestingly, increasing drift rates and thresholds would both be
expected to increase retrospective confidence judgments (Pleskac & Busemeyer, 2010).

Therefore, prospective confidence could directly inform retrospective confidence judgments,
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modulate decision processes in ways that increase or decrease retrospective confidence (e.g.,

motivating more cautious decision making), or both.

Research on confidence in judgment and decision making and cognitive psychology has largely
focused on retrospective confidence. Moreover, cognitive modeling of decision making and
confidence has largely focused on explaining intraindividual variance in retrospective
confidence. However, our findings suggest that prospective confidence plays a significant role in
modulating decision processes and in determining retrospective confidence—particularly
confidence bias. Just as process models of decision making have been developed to consider
attention (Krajbich et al., 2010), process models of decision making and confidence should

expand to account for prospective confidence.

Affect and Confidence

We propose a mechanism of affect and confidence similar to the somatic marker hypothesis
(Bechara et al., 1997; Bechara & Damasio, 2005; Damasio, 1994; Damasio et al., 1996): As
people gain experience in a task, they have affective responses to the task based on their
perceived performance (as informed by objective feedback and judgments of performance). Over
time, affective responses are indexed and associated with the task. When a person faces a similar
task, they experience anticipatory affect that informs their prospective confidence and guides
their interaction with the task. It is also possible that anticipatory affect makes emotionally
congruent past experiences more available to inform prospective confidence (Bower, 1981;
Peters et al., 2006). Supporting the idea that affect may be involved in learning confidence and
informing prospective confidence is that physiological responses associated with affective

responses (i.e., electrodermal activity [EDA]) tend to fluctuate when students see a difficult
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problem and receive feedback (Fritz et al., 2014; Horvers et al., 2021; Malmberg et al., 2019;
Wampfler et al., 2019). We further hypothesize that when people make decisions, they may
experience anticipatory affect—possibly automatically elicited by decision speed or experienced
disfluency—that informs their retrospective confidence judgments. Indeed, we find that
hindsight training muted affective responses and reduced calibration. Moreover, we observed
that more negative affect toward negative feedback during training was associated with greater

retrospective confidence sensitivity.

Affect may play a large part in the effects of prospective confidence on decision processes and
retrospective confidence. More positive affect associated with greater prospective confidence
may motivate people to invest more effort in their decisions. Consistently, Peters and colleagues
(2003) found that affect motivated greater deliberation when valuating real versus hypothetical
lottery tickets. Additionally, negative affect associated with lower prospective confidence might
spotlight past negative experiences or cause people to ruminate on their doubts impeding the
evidence accumulation process (Bandura, 1997; Bower, 1981; Peters et al., 2006). Affect might
even underlie the relation between prospective and retrospective confidence. Voodla and
colleagues (2024) believed that affective valence would respond to expectancy violations in the
progress of gathering evidence to make perceptual decisions. Thus, they expected that when they
cued a trial as difficult and it was easy, that it would make people feel more positive afterward
than if it was cued as easy and was easy. Instead, they found that expected and actual trial ease
had additive effects on affective valence after the trial. This pattern of results is consistent with

our hypothesized mechanism that difficulty cues trigger an affective response and ultimately
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inform retrospective confidence, similar to how difficulty cues inform retrospective confidence

(Van Marcke et al., 2024; Boldt et al., 2019).

In the hindsight condition, participants’ confidence appears to have been based more on their
memory of their perceived accuracy and less on their affective experience compared to foresight-
with-feedback participants. In Study 1, we observed a lower level of overall retrospective
confidence following the test phase for participants in the hindsight condition than the foresight-
with-feedback condition, despite having similar levels of prospective confidence. This lower
retrospective confidence for hindsight participants appeared to carry over to lower prospective
confidence after one week, while foresight-with-feedback participants maintained their level of
prospective confidence. We believe that the affective experiences protected foresight-with-
feedback participants from losing confidence because the affective responses made the feedback
more memorable (Levine & Pizarro, 2004). Lacking strong affective responses, participants’

memory for the training phase may not have held up against the experience of the test phase.

Conclusion

Overall, our results suggest that experiencing hindsight bias during training does have
consequences for future decision making. However, the assumption that hindsight bias causes
overconfidence—or even increases confidence—is not supported by the present studies (though
we maintain that these are possible effects). Furthermore, our results suggest that prospective
confidence plays a significant role in how people decide and their confidence in their decisions,
retrospectively. These findings have important implications for how confidence and decision
making dynamically influence each other over time. Lastly, we showed that affective responses

to feedback predict how confidence changes with experience and may be important for people to
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distinguish between good and bad decisions in their retrospective confidence judgments. We feel
that prospective confidence as a construct is a promising frontier for the study of judgments and
decisions. Prospective confidence sits at the intersection of social and cognitive psychology and
is applicable in a wide range of domains. We hope that the findings and research questions
generated from the present dissertation will inform future research on the interactions of

confidence and decision making.
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