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General Summary

Regarded as the product of prolonged and sustained efforts, creativity is still often
associated with the rare moments when a solution to a problem suddenly bursts into
consciousness: the hallmark of sudden insight. The present thesis aims to provide evidence for a
better understanding of the phenomenology connected with these moments, colloquially termed
as the Aha-experience. Founded on an integrative fluency account, linking sudden insight to the
ease with which information is processed, positive affect and subjective certainty in the
newfound solution, the thesis delves into different aspects of educational, cognitive, personality
and social psychology, providing diverse and new understanding of motivation and creativity
associated with the Aha-experience. Paper I utilized the integrative fluency account to
understand metacognitive feelings in relation to change in motivation and coping from Aha-
experiences. Paper II applied social role theory to help explain gender similarities and
differences in Aha-experiences. Paper 1] examined elapsed time since last memorable Aha-
experience to explore the relationship between Openness to Experience and the frequency of
Aha-experiences.

Based on a large, retrospective survey, utilizing multiple independent samples, the
strength of the project is the overall coherence between the individual studies. The design allows
drawing conclusions across the three papers, which is the main purpose of this dissertation. All
three studies applied bfw, a Bayesian framework, developed in tandem with the ongoing PhD
project. The framework provided several modules to conduct linear and non-linear, hierarchical
analyses, and allowed the use of custom Bayesian models specifically devolved for the project.
The goal of the framework was to easily estimate parameter values and the stability of estimates
and conduct convergence diagnostics. In other words, to assess the certainty, and uncertainty,
associated with the presented results. Thus, the development of hfw aided the process of gaining
a deeper understanding of the phenomenology of insight. An important aspect of this thesis is to
present the methodological considerations of the Bayesian approach.

Paper I aimed to test the integrative fluency account and examine the relationship
between Aha-experiences and motivation within a given domain. Results indicated that fluency,
positive affect and subjective certainty are underlying facets of metacognitive feelings elicited by

sudden insight. The study strengthens the hypothesis that fluency is marked hedonically and



epistemically, and therefore generally conforms to the proposed fluency account. Moreover, the
study links the Aha-experience with an increase of motivation and coping.

Paper II explored the situational aspects of Aha-experiences. Prior research indicates that
boys show more interest in science, technology, engineering and mathematics (STEM) than girls,
where traditional STEM education is marked as highly competitive and individual-oriented. We
applied a social role theory perspective to explain the role of gender in interest. Social role
theory argues that society’s division of labor between men and women forms social roles and
gender stereotypes, and that an interaction of biological and social processes influences sex-
differentiated dispositions and behaviors. Results indicated that men, compared to women, were
more likely to be alone during the Aha-experience. The effect was most credible for participants
who reported increased interest in personal and STEM domains. The study is consistent with
previous findings that women, relative to men, find more interest from cooperation. The study
concludes that biosocial influences have led, in part, women to adopt more communal roles and
men more agentic roles.

Paper 11l examined the relationship between personality traits and the frequency of Aha-
experiences. Openness to Experience appears to be the strongest predictor of creativity and
creative self-efficacy, and the Aha-experience is a phenomenon associated with creativity.
Results linked Openness to Experience to recollecting autobiographical memories, and it is
argued that feelings in the fringe of consciousness serve as a retrieval function, mainly through
metacognitive feelings associated with a specific insight. Furthermore, the relationship between
Openness to Experience and frequency of Aha-experiences was dependent on elapsed time since
the last memorable Aha-experience, indicating that the relationship depends on creative
achievement in the form of Aha-experiences and not just creative aptitude. Paper III concludes
that to understand the relationship between Openness to Experience and Aha-experiences, and
creativity in general, it is essential to consider the effect of motivational processes.

Drawn together, the current thesis suggests that understanding situational aspects,
phenomenological dimensions and individual differences are crucial in order to understand the
Aha-experience itself. The thesis discusses these implications and draws inferences based on the
overall perception of the independent studies. In sum, the work presented herein states that the
Aha-experiences are multifaceted and without the context in which the sudden insight occurred,

the Aha-experience will remain a mythical phenomenon.
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Introduction

Biihler (1907) coined the term Aha-experience, which is a peculiar, yet pleasurable
experience that accompanies sudden insight!. The present thesis aims to provide evidence for a
better understanding of the peculiar Aha-experience. The introductory section will present the
main theoretical underpinnings of the project, naturally, with an emphasis on the Aha-experience
(cf., Paper I). Furthermore, an important aspect of this project has been to unravel the situational
settings of Aha-experiences, particularly with a focus on Aha-experiences and gender differences
within fields of science, technology, engineering, and mathematics (STEM). To achieve this, we
applied social role theory (Eagly & Wood, 1999) to better identify gender differences and
similarities, and the second part of this introductory section will provide a brief outline of this
theory (cf., Paper II). Finally, the Aha-experience, or the moment of insight, is associated with
creativity (Sternberg & Davidson, 1995), and in our project we have linked Aha-experiences with
creativity through the personality trait Openness to Experience, or simply Openness.
Consequently, the introduction will end with a section on the relationship between the Aha-
experience, creativity and Openness (cf., Paper III). After the introduction follows a section on
methodological considerations and a presentation of the Bayesian framework used in the studies.
Subsequently, the three papers are summarized, followed by a section presenting extended results
based on hypotheses derived from the papers. The thesis concludes with a general discussion on
the projects’ contribution to the research field of insight and Aha-experiences, drawing inferences
from all three papers. The three papers printed in full, follows the references at the end of the

thesis.
The Aha-experience

Since the days of Kohler (1927), the term Einsicht (insight) has been used to differentiate
sudden understanding of a problem from incremental problem-solving (Gilhooly & Murphy,
2005; Shen et al., 2016). Wallas (1926) proposed an influential four-stage model of the creative
process (Davidson, 2003; Gilhooly, 2016; see Shen et al., 2018 for a meta-analysis). First, an

! “Ein eigenartiges im Denkverlauf auftretendes lustbetontes Erlebnis, das sich bei plotzlicher
Einsicht [...] einstellt” (Biihler, 1907, p. 315f).



individual addresses a problem, task or query through conscious preparation, for instance, by
defining the issue and gathering relevant information. Second, unconscious processes aid the
individual during incubation periods where the issue is set aside. Third, the individual
experiences an illumination, or insight, providing a sudden answer to the issue at hand. Fourth,
the individual scrutinizes the provided answer, in order to validate or invalidate the result.

The Aha-experience is the subjective experience that accompanies the third stage, the
sudden insight (Topolinski & Reber, 2010a; Webb, Little, & Cropper, 2016). Until recently our
knowledge of Aha-experiences mainly stemmed from historical and anecdotal data (Ash,
Cushen, & Wiley, 2009; Ovington, Saliba, Moran, Goldring, & MacDonald, 2018; Sprugnoli et
al., 2017). However, recent advances in cognitive and neurocognitive research suggests that
sudden insights are the product of unconscious cognitive processes, rather than spontaneous
solutions (Bowers, Farvolden, & Mermigis, 1995; Kounios & Beeman, 2014; Sheth, Sandkiihler,
& Bhattacharya, 2009). Thus, the underlying processes of creative insights are likely to be
similar to incremental problem-solving (Chuderski & Jastrzgbski, 2018), and the insights
themselves the product of prolonged and sustained efforts (Runco, 2004; Sawyer, 2013).
Consequently, there are no mental shortcuts to groundbreaking ideas (Finke, Ward, & Smith,
1992; Verstijnen, van Leeuwen, Goldschmidt, Hamel, & Hennessey, 1998). However, as evident
by the pioneering work of Metcalfe (1986a, 1986b), insight feels different from conscious,
analytical problem-solving. This is the Aha-experience, and the phenomenology of insight is the

subject of study in Paper II.

The phenomenology of insight. Einstein once wrote, “I was sitting on a chair in my
patent office in Bern. Suddenly a thought struck me: If a man falls freely, he would not feel his
weight. I was taken aback. This simple thought experiment made a deep impression on me. This
led me to the theory of gravity” (as cited in Irvine, 2015, p. 129). There are numerous examples
that remarkable scientific and artistic breakthroughs have appeared as rushes of insight (Gick &
Lockhart, 1995), breakthroughs that in essence have been simply stated in concise verbal form
(Hutchinson, 2014). For example, acclaimed screenwriter and comic book writer Straczynski
was on location shooting a TV series, when the story for a Spider Man comic beamed into his
head like automatic writing (Straczynski, 2019a). He later described the experience as a
frequency he did not know existed before, and in accordance with Hutchinson, the sentences

came out fully formed with no editing afterwards (Straczynski, 2019b). Straczynski claimed the
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insight felt more like remembering the story than creating it. Similarly, Poincaré (1914, p. 54)
was walking when an idea came to him with the “characteristics of conciseness, suddenness, and
immediate certainty”. However, he acknowledged that even if sudden insights seldom led him
astray, they were not always correct. The tale of Johannes Kepler is an excellent example of the
lure of Aha-experiences. Kepler spent his entire life pursuing the notion that platonic solids
accounted for the intervals of space between the planets (Caspar, 1993; Voelkel, 1999). The idea
came to him while demonstrating the geometrical relationship between two circles on July 19,
1595 (Voelkel, 1999, p. 29). Kepler’s insight was incorrect, but please note the date and year, and
revel at the notion that we today, more than four hundred years later, can know that the Aha-
experience made Kepler weep “tears of joy”. This is the potential transformational power of Aha-
experiences, erroneous or not. Kepler’s pursuit of finding evidence for his sudden insight led him
to develop the three laws of planetary motion, which later proved crucial for Isaac Newton to
formulate the law of gravitation. Drawn together the anecdotal evidence encompass what
Topolinski and Reber (2010a) proposed as components of the processing fluency account of
Aha-experiences: (1) a sudden insight leads to change in (2) processing fluency that increase (3)
positive affect and (4) certainty that the insight is true. The following sections elaborate on the

integral components of the Aha-experience.

Sudden fluency. The depiction of Aha-experiences is often the proverbial light bulb,
illustrating the sudden transition from ignorance to understanding (Danek & Wiley, 2017; Shen,
Yuan, Liu, & Luo, 2015). Such insights are experienced as both sudden and surprising (Gick &
Lockhart, 1995). Metcalfe and Wiebe (1987) conducted experiments comparing classic insight
problems to non-insight and algebra problems. The results exhibited that participants were able
to predict performance on non-insight problems but not insight problems. Importantly, Metcalfe
and Wiebe (1987) used patterns-of-warmth ratings, measuring the participants’ subjective feeling
of whether they approached a solution. The ratings indicated that participants solving non-insight
problems experienced an incremental increase in warmth, that is, an incremental increase in
subjective certainty that they approached a solution. Conversely, participants solving insight
problems reported low levels of warmth, until they abruptly found a solution. Similarly, Bowden
(1997) examined the effects of unreportable hints in anagram-solving, that is, hints that do not
reach consciousness hence the individual is not subjectively aware of their existence. Bowden

found that unreportable solutions and semantically related hints, compared with unrelated hints,



produced more insights. Kounios and Beeman (2014) claimed the results indicated that insights
are the product of unconscious cognitive processes and not just spontaneous solutions. For
example, Bowden and Jung-Beeman (2003) developed a series of compound remote associate
problems, where participants were asked to identify a single solution word (e.g., “bag”) that
forms a compound word, or familiar phrase, derived from three problem words (e.g.,
“sleeping”, ”bean” and “trash”). Such tasks encompass unconscious processing that leads to the
sudden conscious understanding of each word and, if the task is successfully completed, the
sudden understanding of the solution word. However, as evident from the patterns-of-warmth
ratings, individuals experience the solutions as spontaneously generated. This is the rush of
insight (Gick & Lockhart, 1995) and pertains to processing fluency (or simply fluency), meaning
the ease and speed with which the solution is understood (Reber, Schwarz, & Winkielman,
2004).

To some researchers, suddenness and fluency constitutes the essential moment of insight,
and are by themselves sufficient to form the definition of an Aha-experience (Gick & Lockhart,
1995; Metcalfe & Wiebe, 1987). However, Topolinski and Reber (2010a) argued that fluency
generally elicits a positive emotional response (Reber, Winkielman, & Schwarz, 1998;
Winkielman & Cacioppo, 2001) and an increased subjective truth of the solution (Reber &
Schwarz, 1999; Reber et al., 2004). Corresponding to Kepler’s tears of joy (Voelkel, 1999, p. 32)
and Poincaré’s absolute certainty (Poincaré, 1914, p. 53), the integrative fluency account unifies
the four attributes as separate features of the same experience, the Aha-experience. In
Hutchinson’s account on the nature of insight, an unnamed scientist described sudden insight as
“usually simple, and in its simplicity lies its beauty” (Hutchinson, 2014, p. 227). The scientist
ended on the note that he always felt elated after suddenly finding an answer. The following

section will discuss this relationship between aesthetic emotion and subjective certainty.

Beauty and truth. There is ample empirical evidence that links sudden insight with
positive emotions (Cosmelli & Preiss, 2014; Friedlander & Fine, 2018; Gruber, 1995; Kounios &
Beeman, 2014). Reber et al. (2004) proposed the hedonic fluency hypothesis and argued that
fluency is hedonically marked as high fluency elicited positive affect and, moreover, that fluency
plays a crucial role for aesthetic pleasure and aesthetic judgements (Leder, Belke, Oeberst, &
Augustin, 2004; Winkielman, Schwarz, Fazendeiro, & Reber, 2003). According to Bornstein and

D’Agostino (1992, 1994), stimulus repetition enables retrieval from long-term memory, which



increases fluency and consequently positive affect (see Jacoby & Dallas, 1981). Similarly, Alter
and Oppenheimer (2009) reviewed the literature on fluency and concluded that through
manipulating conceptual, perceptual or linguistic fluency it is possible to facilitate aesthetic
judgements and positive affect. Evidently, easily processed information is generally preferred
over information that is more difficult to process (Topolinski, Likowski, Weyers, & Strack, 2009;
Winkielman & Cacioppo, 2001). Thus, fluency prompts positive affect that leads to an
experience of beauty (Topolinski, Erle, & Reber, 2015). However, Aha-experiences are not only
aesthetically pleasing, according to Poincar¢ (1914, p. 60) sudden insights appeared to him as
beautiful, useful and, importantly, truthful.

Experimental studies have established that participants consider symmetric patterns more
beautiful (Makin, Pecchinenda, & Bertamini, 2012) and more correct (Reber, Brun, &
Mitterndorfer, 2008) than asymmetric patterns. Reber and Schwarz (1999) showed that
participants were more likely to endorse statements (e.g., “Osorno is in Chile”’) when presented
in high, compared to low visual contrast (see Unkelbach, 2007). Furthermore, Topolinski and
Reber (2010b) manipulated the interval between anagrams and their subsequent solutions. The
study suggested that solutions, regardless of actual truth, presented after shorter delay (50 ms)
were more likely to be endorsed than those presented after longer intervals (150 ms). In two
experiments, Parks and Toth (2006) found that effect sizes were even larger with semantic rather
than perceptual fluency. Importantly, Hansen, Dechéne and Wénke (2008) found that the effect
of fluency on subjective certainty was strongest when the experienced fluency was surprising
(see Webb et al., 2016). Corresponding studies showed that repeated exposure to statements
increases fluency (Begg, Anas, & Farinacci, 1992; Dechéne, Stahl, Hansen, & Winke, 2010)
which, in turn, affected subjective certainty (Hedne, Norman, & Metcalfe, 2016). Reber et al.
(2006) found that individuals use retrieval fluency to judge their own performance, and
Ackerman and Zalmanov (2012) demonstrated that individuals have more confidence in
solutions that are easy to retrieve. In sum, the studies imply that discrepancies in fluency and
temporal contiguity are essential for the link between fluency and subjective certainty, and

strengthens the assumption that sudden insights appear both truthful and beautiful.

Fluency and sense of agency. Sense of agency encompasses conscious awareness that
one is initiating, executing, and controlling ones own actions or thoughts (Balconi, 2010; David,

Obhi, & Moore, 2015). According to Wegner and Wheatley (1999), feelings of sense of agency



are strongest when an individual believes that a thought (1) precedes, (2) corresponds to and (3)
causes an action. Olson et al. (2016) introduced a simulated thought insertion paradigm, where
participants were told that a neuroimaging machine could either read or influence their thoughts.
Results from their study indicated that participants felt less voluntary control of their decisions,
and made slower decisions, in a Mind-Influencing compared to Mind-Reading condition. The
authors argued that slower decision time indicated reduced fluency (cf., Chambon, Sidarus, &
Haggard, 2014). In light of Aha-experiences, sudden insight precedes fluency within the domain
of the insight, and it is therefore plausible that the sudden insight increases sense of agency.
However, similar to Plato’s notion that the poet can only create when the Muse dictates, Aha-
experiences are often credited to someone or something else (Sternberg & Lubart, 1998).
Consequently, sudden insight might decrease sense of agency.

The reviewed earlier empirical studies provide seminal work on the Aha-experience.
However, the studies provide only individual links between the four attributes of the Aha-
experience, and to date there are no quantitative studies that have tried to incorporate all four
attributes in one single study. Furthermore, to our knowledge, there are no studies examining the
relationship between sense of agency and Aha-experiences. However, the following section cites
a qualitative study by Liljedahl (2004) that proved to be crucial for the development of the

present project.

An integrative approach to Aha-experiences. Positive affect is the component of the
Aha-experience associated with the feeling-related component of interest (see Schiefele, 1991).
Yet, few studies have examined the link between Aha-experiences and interest, and primary
focus in our project was to examine the potential of Aha-experiences to change people’s attitude
towards STEM-topics. Decline in interest within the so-called hard sciences is a major challenge
during middle school years, and continues to be a source of concern for any developed society
(Hidi & Harackiewicz, 2000; Krapp & Prenzel, 2011; M.-T. Wang & Degol, 2013). The topic is
understudied, however, Liljedahl (2004, 2013) described change in negative beliefs and attitudes
toward mathematics as a result of Aha-experiences. Based on the anecdotal reflections of
undergraduate students, the anecdotal reflections of prominent mathematicians, and the
mathematics diaries of preservice teachers, Liljedahl (2004, p. 78) claimed that the Aha-
experience presupposes accomplishment, and moreover, that Aha-experiences elicit more

positive emotions than analytical problem-solving. According to this view, the affective response
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to a sudden insight is what differentiates the Aha-experience from other types of mathematical
experiences, whereas the cognitive component is inconsequential (Liljedahl, 2004, p. 197). Thus,
the Aha-experience can drastically change otherwise stable affective traits and foster a sense of

self-improvement and mathematical progression in the face of adversity. Liljedahl (2004) wrote:

The positive emotions that it [the Aha-experience] invokes has [sic] the power to change
negative beliefs and attitudes about ones ability to do mathematics as well as negative
beliefs and attitudes about the subject of mathematics itself. For these reasons, the impact

that an AHA! experience can have on students learning is not to be ignored. (pp. 80-81)

Liljedahl provided the first evidence of an integrative approach to Aha-experiences, linking
sudden insights with surprising fluency and a resultant sense of certainty. Furthermore, Liljedahl
not only observed fleeting moments of positive affect, but rather strong transformational effects
in attitudes towards mathematics. Consequently, the objective of Paper I was not only to test the
integrative fluency account as proposed by Topolinski and Reber (2010a), but also to assess the
relationship between the Aha-experience and motivation and coping.

Furthermore, in Liljedahl’s study (2004, p. 205), ongoing and frequent peer interaction
was an important aspect in facilitating Aha-experiences. In contrast, isolation is a common theme
in the anecdotes on Aha-experiences collected by Irvine (2015) and Hutchinson (2014).
Csikszentmihalyi’s (1996) work on creativity has strengthened the stereotype of the solitary
genius. Still, these insights often emerge within a domain where there are few, maybe none, that
exhibit the same level of prior knowledge and expertise as those who have the Aha-experience.
Consequently, the question arises whether solitude is a common feature of the general Aha-
experience, or if it is merely a consequence of being a world-leading, groundbreaking expert.
Moreover, the anecdotes stem mainly from men, whereas more than 80 percent of participants in
Liljedahl’s study were women (personal communication, 2017, February 15). Therefore, in
Paper II, we were interested in examining the social context of Aha-experiences and assess

whether solitude or interaction prior to the Aha-experience differed between men and women.
Social Role Theory

Eagly and Wood (Eagly & Wood, 1999, 2012, 2016) proposed a social role theory, and

argued that biosocial interactions, meaning the joint effect of biological and social processes,



forms sex-differentiated dispositions and behaviors (Eagly & Wood, 2013). Social role theory
states that social roles and gender stereotypes are formed by society’s division of labor between
men and women (Eagly & Wood, 1999, 2012; Wood & Eagly, 2002, 2012). As seen from Figure
1, division of labor derives from biological factors, principally men’s physical strength and
women’s ability to bear children, in interaction with the requirements of the socioeconomic and
ecological environment. Though some societies emphasize physical specialization of the sexes,
for instance, promoting men as providers and women as nurtures, others may encourage more

fluid gender roles (Wood & Eagly, 2002, 2012).
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Figure 1. Gender roles guide sex differences and similarities through biosocial processes

(adapted from Eagly & Wood, 2012, p. 465).




Thus, biological traits, in addition to historical and social structures, facilitate the development of
social roles, which in turn foster gender role beliefs (Wood & Eagly, 2010). Societies that
advocate distinct sex-differentiation in distribution of labor also promote distinct gender roles. In
turn, gender stereotypes offer restrictions and opportunities that drive gender differences and
similarities in career choices, partner preferences, domestic behaviors and other domains
(Koenig & Eagly, 2014; Wood & Eagly, 2010; Zentner & Eagly, 2015). Throughout childhood
and adolescence, individuals tend to adopt their assigned gender roles, thus, in turn strengthens
the existing social roles (Eagly, Wood, & Diekman, 2000; Wood & Eagly, 2010). Eagly and
Wood (2012) claimed the theory is in line with the correspondent inference principle, that is, to
draw generalized conclusions about a person, group or gender based on observed behavior.
Consequently, if the division of labor has a clear gender gap, with some professions reserved for
men and others for women, the correspondent inference principle implies these professions are
considered as either masculine or feminine. In an experiment, Weisgram, Bigler and Liben
(2010) manipulated the gender composition of novel jobs, where the results indicated that
participants preferred jobs with coworkers of the same sex over identical jobs with the opposite
sex. Consequently, gender role beliefs may lead people to take jobs they are less interested in
rather than working in what is considered gender-atypical professions (Gianettoni & Guilley,
2016).

Social role theory identifies biological factors and requirements of the socioeconomic and
ecological environment as distal causes of gender differences and similarities. However, the
theory also defines three proximal determinants: (1) hormonal processes, (2) gender identities
and (3) expectations of others (Eagly & Wood, 2012). Hormonal changes, predominantly
oxytocin and testosterone, influence behavior (Wood & Eagly, 2010). Oxytocin is closely
associated with bonding and affiliation, and is culturally regarded as a mechanism supporting
feminine behavior (Campbell, 2008). Testosterone, on the other hand, is generally associated
with risk-taking, competition and dominance, and is culturally considered to support masculinity
(Booth, Granger, Mazur, & Kivlighan, 2006). Importantly, hormones are inherently neither male
nor female, but rather appropriate, yet selective, neurochemical processes initiated to serve task-
specific actions (Wood & Eagly, 2010). Moreover, gender identities and social expectations are
important determinants of what is deemed an appropriate response in a given context (Eagly,

Karau, & Makhijani, 1995; Witt & Wood, 2010). Gender identities develop as the individual
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internalizes smaller or larger fragments of their gender role beliefs (Wood & Eagly, 2009).
Individuals with high levels of gender identification may exhibit more gender-stereotypic
behavior, and as a consequence, may be more exposed to negative effects of stereotyping (Kiefer
& Sekaquaptewa, 2007; Schmader, 2002). The expectations of others also regulate behavior,
generally through negative sanctions when individuals deviate from gender roles (Eagly,
Makhijani, & Klonsky, 1992). In part, children and adolescents conform to gender role beliefs in
order to fit in and avoid nonconformity in fear of social sanctions (Wood & Eagly, 2010).

The division of labor in traditional societies tended to be clearly divided between a male
provider and a female homemaker (Wood & Eagly, 2002). Though many postindustrial societies
deviate from this fixed pattern, men still earn more than women, and women do more domestic
work (Koenig & Eagly, 2014). Based on the social role theory, we inferred that biosocial
influences have led women to adopt more communal roles and men more agentic roles (Eagly,
1987; Eagly & Steffen, 1984), and that these gender stereotypes are similar in most human
societies (Saewyc, 2017). The communal role emphasizes polite, relational, cooperative and
nurturing behavior, whereas the agentic role accentuates assertive, competitive and dominant
behavior (cf., “the male-warrior hypothesis”, Vugt, Cremer, & Janssen, 2007). From this
perspective, women tend to be personal and communal, while men are more impersonal and
individual (Meyers-Levy & Loken, 2015). This corresponds to what Gilligan (1993) describes as

attachment and separation:

In their portrayal of relationships, women replace the bias of men toward separation with
a representation of the interdependence of self and other, both in love and in work. By
changing the lens of developmental observation from individual achievement to

relationships of care, women depict ongoing attachment as the path that leads to maturity.

(p. 170)

Biosocial interactions, that is, the complex and dynamic relationship between underlying
biological factors and the sociocultural environment, influence gender roles and gender role
beliefs. Research has shown that on average there are few gender differences concerning
performance in mathematics (Hyde, Lindberg, Linn, Ellis, & Williams, 2008; Lindberg, Hyde,
Petersen, & Linn, 2010). However, studies also reveal that boys are overrepresented in each

extreme of the performance distribution (see Cimpian, Lubienski, Timmer, Makowski, & Miller,
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2016). Furthermore, women are still underrepresented in STEM fields, which cannot be fully
explained through ability and performance alone (Miller & Wai, 2015; Stoet & Geary, 2018).
Given a social role theory perspective, the gender gap may be construed as the result of two
gender role beliefs, one regarding natural abilities, the other regarding competition versus
cooperation.

First, natural abilities. Traditionally, male providers with better developed spatial abilities
were more likely to succeed in hunting prey and survive travel over longer distances (Geary,
2010, p. 395). Similarly, females with better developed verbal abilities were more likely to
maintain stable relationships in their in-group and resolve conflicts with out-groups (Geary,
2010, p. 322). Thus, gender role beliefs imply that boys have developed superior talent for
mathematics and girls have superior innate abilities for languages. STEM has historically been a
male-dominated field. Accordingly, there are persisting gender role beliefs that boys have better
natural abilities in mathematics than girls (van Dijk, Meyer, & van Engen, 2018), and that girls
have to work harder to achieve the same results (Leslie, Cimpian, Meyer, & Freeland, 2015;
Rity, Vanska, Kasanen, & Kéarkkdinen, 2002; Steffens, Jelenec, & Noack, 2010). Although
internalization of gender role beliefs lead girls to adopt more studious approaches to learning,
gender stereotyping causes them to experience more negative self-concepts of ability than boys
(Gunderson, Ramirez, Levine, & Beilock, 2012; Mau & Lynn, 2000). Correspondingly, Cimpian
et al. (2016) argued that the more studious methods applied by girls appeared to have a better
effect at the bottom rather than top end of the distribution, explaining why girls are
underrepresented both at the lower end and higher end of the distribution.

However, cross-cultural research supports the assumption that biosocial factors drive
gender differences in spatial and verbal ability. Hoffman et al. (2011) conducted a large-scale
experiment on spatial abilities with two tribes in Northeast India. The tribes lived from
agriculture and were similar in wealth, yet, the tribes were clearly distinct in that one of the tribes
was patrilineal and the other matrilineal. Compared with women, men in the patrilineal tribe had
3.67 more years of education, whereas years of education were equal for men and women in the
matrilineal tribe. The results showed that women took longer than men did to solve the puzzle in
the patrilineal society but not in the matrilineal society. The authors argued that societal
differences play an important role in the gender gap in spatial abilities. Moreover, Feng, Spence

and Pratt (2007) found that moderate spatial skills training may neutralize gender differences in
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spatial attention and mental rotation ability (see Uttal et al., 2013 for a meta-analysis). Similar
results were found for verbal abilities (Pansu et al., 2016).

Second, competition versus cooperation. Men have historically been in positions of
competition for resources, including warfare, whereas women have cared for children and
nurtured in-group relations (Eagly & Wood, 1999). The division of labor has led men to adopt
more positive attitudes towards competition, which prompt competitive behavior and enhance
performance in competitive environments (Charness & Rustichini, 2011; Gneezy, Niederle, &
Rustichini, 2003). Thus, men are more likely than women to seek challenging and competitive
tasks (LeFevre, Kulak, & Heymans, 1992; Niederle & Yestrumskas, 2008). Conversely, women
more often engage in more cooperative behavior, and consequently have more positive attitudes
towards cooperation than men (Charness & Rustichini, 2011; Gneezy, Leonard, & List, 2009;
Martinho, Albergaria-Almeida, & Dias, 2015). Thus, women are less likely to seek competitive
environments (Buser, Niederle, & Oosterbeek, 2014; Flory, Leibbrandt, & List, 2010; Gneezy et
al., 2003). Niederle and Vesterlund (2010) found that women, relative to men, are more sensitive
to the gender composition in competitions. Consequently, women are less likely to participate in
mixed-gender competitions (Huguet & Régner, 2007). Niederle and Vesterlund argued that one
of the reasons is that women feel threatened by overconfident men who are very eager to win,
which in turn may explain gender differences in highly competitive tests (e.g., AP calculus test,
SAT math section, see Fischer, 2017).

Derived from the two resulting gender stereotypes, we argue that boys and girls enter
STEM education on uneven terms (Easterly & Ricard, 2011). The masculine stereotype is
associated with activities and interest that fosters spatial ability (Wood & Eagly, 2015), and boys
more often than girls adopt agentic, competitive personality qualities. The feminine stereotype is
similarly associated with activities and interest that foster verbal abilities, and girls more often
than boys adopt communal, cooperative personality qualities. Consequently, gender role beliefs
imply that boys are more likely to perform well in mathematics, and that they are more likely to
have high-level intellectual abilities (Bian, Leslie, & Cimpian, 2017). Correspondingly, girls are
raised with the expectation that they will have to work harder than boys to achieve the same
results (Réty et al., 2002; Yee & Eccles, 1988). Studies have shown that gender stereotypes have
a negative influence on performance and, especially, interest of both boys and girls (Banjong,

2014; Galdi, Cadinu, & Tomasetto, 2014; Hartley & Sutton, 2013). As mathematics learning, to
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greater extent than other subjects, often is a fast-paced, individual and competitive field of
learning, the gender role beliefs leave particularly girls at a disadvantage (Boaler, 2002, 2008,
2016; Cotton, Mclntyre, & Price, 2013; Fischer, 2017). Also, many low-ability boys may opt to
forfeit the perceived competition, rather than adopting girls’ more studious methods to learning
(Jones & Myhill, 2004; Martino, 1999). The resulting behavior may strengthen the bimodal
distribution seen in PISA and SAT scores (cf., Cimpian et al., 2016).

Given disparaging gender role beliefs, women are less likely to pursue an education and a
career within the STEM fields. Similarly, men are less likely to pursue an education and a career
within fields associated with care, such as nursing and preschool teaching. Importantly, meta-
analyses have emphasized the importance of context for explaining the role of gender in social
interaction (e.g., Hyde, 2014; Leaper & Robnett, 2011). Consequently, Paper I aimed to provide
some context needed to understand any gender differences and similarities in Aha-experiences,
with a special emphasis on STEM-related Aha-experiences. Derived from the social role theory
presented in this section, we postulated the hypothesis that men would report more often that
they were alone prior to the Aha-experience, whereas women more often report they were with
someone who contributed to the Aha-experience. However, we were also interested in exploring
individual differences, and the Aha-experience is associated with creativity, discovery, and
invention (Thagard & Stewart, 2011). For Poincaré (1914, p. 286) insights were situated in these
three facets of the mathematicians mind, and the following section will elaborate on the creative

process.
Creativity

A straightforward definition of creativity is the quality of being novel, good and relevant
(Kaufman & Sternberg, 2007; Simonton, 1999), or at least, novel and appropriative (Hennessey
& Amabile, 2010). Unsurprisingly, such broad descriptions of creativity make it difficult to
assess what is creative and what is not (Sternberg, Kaufman, & Pretz, 2002), and Hennessey and
Watson (2016) argued that creativity research is a fragmented field. However, Csikszentmihalyi
(1988, 2014) identified three interrelated dimensions of creativity. First, the domain that
encompasses combined knowledge within a culture at any given time. Second, the person, an
individual that produces novel, good and relevant variations within said domain. 7hird, the field,

other members of the domain (i.e., “the elite”) that may facilitate or impede inclusion in
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organizations that serve as authorities on what is valuable and what is not. The latter means that
the field acts as gatekeeper, where experts are usually quite able to determine what is creative
within the respective domain (Amabile, 1982; J. Baer, Kaufman, & Gentile, 2004; Kaufman,
Plucker, & Baer, 2008). Moreover, the domain necessitates that creativity is context-specific (Lu,
Martin, Usova, & Galinsky, 2019), meaning that a quality considered creative in one context, in
one environment, at one time, may be derivative, offensive or even illegal in others. Thus,
creativity is chiefly determined by the constraints of a specified sociocultural group, and not by
the individual creator (Simonton, 1999). However, the second dimension, comprising individual
processes has received the most attention in psychology (Csikszentmihalyi, 2014, p. 59), and
leads to the question: “why are some people more creative than others?”

Historically, as evident from the anecdotal evidence provided in the introductory section,
most creativity research has been on the qualities of eminent scientists and artists (the Big-C)
rather than everyday (the little-c) creative achievements (Richards, 2007; Weisberg, 1993).
Montuori and Purser (1995) argued that the one-sided focus on Big-C stems from the admiration
in the western culture of the lone genius, which highlights the individual over the sociocultural
environment. Consequently, the main attention of creativity research has been on the creative
product rather than the creative experience (Stein, 1953). To overcome the dichotomy of the Big-
C and little-c, Kaufman and Beghetto (2009) proposed an expanded model on creativity to
include the mini-c, meaning the personal learning processes inherit in creativity, and pro-c to
distinguish between everyday creativity and professional creativity on an expertise level.

Paper I emphasized the little-c and mini-c, especially: “novel and personally meaningful
interpretation of experiences, actions, and events” (Beghetto & Kaufman, 2007, p. 73). Though
the mini-c may not be important or novel in the grand schemes of things, these creative
experiences are novel and can be very important for the individual. To explore the relationship
between the mini-c and Aha-experiences, we based the study on the well-established link

between creativity and Openness (Carson, Peterson, & Higgins, 2005; Silvia, 2008).

Openness and creativity. Recent advances in cognitive neuroscience have indicated that
the neural link between Openness and creativity is chiefly located in DMN, the default-mode
network (Jung & Meadows, 2017; Yasuno et al., 2017). Beaty et al. (2015; 2018; 2019) claimed
individuals that score high on Openness are more imaginative and creative due to a greater

ability to dynamically shift between different modes of thinking (cf., Mednick, 1962).
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Consequently, consistent with Hutchinson’s (2014) notion of concise verbal insights, DMN
facilities the construction of dynamic mental simulations through disinhibitory neuronal
processes (Jung, Mead, Carrasco, & Flores, 2013; Li et al., 2015). Cela-Conde et al. (2013)
exhibited that DMN contribute to aesthetic appreciation and Ogawa et al. (2018) found that
creative insights include a coupling of DMN, semantic and cerebral-cerebellum networks that
contribute to the dopaminergic system and motivational states. Similarly, research has indicated
that the Aha-experience might be central in the emotional response system for recognizing novel,
good and relevant information (Danek, Fraps, von Miiller, Grothe, & Ollinger, 2013; Friedlander
& Fine, 2018; Kizilirmak, Galvao Gomes da Silva, Imamoglu, & Richardson-Klavehn, 2016;
Thagard & Stewart, 2011). Therefore, the Aha-experience is a phenomenon associated with
creativity (Friedman & Forster, 2005; Kounios et al., 2006), and potentially a subfield of
creativity itself (Dietrich & Kanso, 2010). Openness, creativity and the Aha-experience are
associated with the dopaminergic reward system that enables cognitive flexibility and monitoring
processes in DMN and other networks (Dang, Donde, Madison, O’Neil, & Jagust, 2012;
DeYoung, 2013; Passamonti et al., 2015; Salvi, Cristofori, Grafman, & Beeman, 2016;
Silberstein, Pipingas, Farrow, Levy, & Stough, 2016). In other words, people high in Openness
search for novel experiences because they to a greater extent are emotionally rewarded by them
(Sutin, Beason-Held, Resnick, & Costa, 2009). Furthermore, derived from research on
mindfulness, linking Openness to fringe consciousness (R. A. Baer, Smith, Hopkins,
Krietemeyer, & Toney, 2006; Norman, Price, & Duft, 2006), we assumed that individuals scoring
high on Openness were more likely to recall and report an Aha-experience through

metacognitive feelings associated with a specific insight.

Fringe consciousness. William James (1890/1983) provided the first comprehensive
description of fringe experiences (Lavazza, 2017). In short, James argued that consciousness
encompasses distinct sensory content called the nucleus (i.e., focus of attention) framed by more
vague fringe feelings that guide consciousness from one substantive thought to another. Mangan
(1991) later reintroduced the concept of fringe consciousness to cognitive psychology, where the
sensory nucleus and the non-sensory fringe are seen as facets of a single phenomenological
dimension on a high articulation (i.e., nucleus) low articulation (i.e., fringe) continuum.
According to this account, fringe feelings vary in intensity yet escape introspection, meaning that

when the fringe is brought to attention its content reflects the nucleus rather than the fringe
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feelings themselves. Mangan (2003) speculated that the fringe represents context information
about the nucleus, however, the information provided is highly condensed due to physical
limitations of human consciousness (cf., “the conservation principle”, Mangan, 2014). This
means that due to consciousness’ limited resources, there is a need to balance between detailed
articulated information in the nucleus and the larger context represented in the fringe. Mangan
(2007) claimed that rightness/wrongness are essential fringe feelings that aid cognitive
evaluations, and that other sensory and fringe components are experienced as more integrated
and meaningful when they are accompanied by strong feelings of rightness (Mangan, 2015).
Furthermore, rightness is fundamental for feelings of knowing and feelings of discovery or
surprise, that generally accompanies the Aha-experience (see Mangan, 2003, 2014; Mason &
Hargreaves, 2001; Zander, Ollinger, & Volz, 2016). Importantly, Mangan (2001) argued that
fringe consciousness functions as a mechanism for voluntary retrieval: “The cognitive purpose of
focusing on a vague experience in the fringe is not to make that experience a stable entity in
attention, but to bring a far more articulated (informative) experience into focal inspection
implied by the experience” (Mangan, 2001, p. 26). In other words, by directing attention to
fringe feelings it is possible to get a better understanding of the nucleus the feelings represents
(Norman, 2002, 2017). In Paper III, we argued that individuals high in Openness are more likely
to recall and report specific Aha-experiences due to being more aware of metacognitive feelings
at the fringe of consciousness. In addition, we were interested in exploring the possibility that
Openness relates to the frequency of Aha-experiences (Aha-frequencies). Research indicates a
link between Openness and a motivation to explore novel and complex information (DeYoung,
2013; DeYoung, Peterson, & Higgins, 2005), and it is therefore plausible that individuals high in
Openness also experience more Aha-experiences. However, to date there are no studies that
examine whether the relationship between creativity and Openness depends on creative
achievement—for example in form of Aha-experiences—or creative aptitude. Thus, Paper III

also explored these two facets of creativity.

Creativity as a trait or a state. In their account on the myth of the lone genius, Montuori
and Purser (1995) described the prevailing notion that creativity is an innate ability, a quality of
individual talent and traits. From this perspective, creativity is something that you are born with
and something you cannot learn. In other words, creativity is a stable and lasting personality trait

(Silvia et al., 2008; Torrance, 1972). Conversely, creativity can also be viewed as a situation-
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dependent state (Amabile & Mueller, 2008). The componential theory, as proposed by Amabile
(1983), suggests that creativity is influenced by three intra-individual components: (1) domain-
relevant skills, (2) creativity-relevant processes and (3) intrinsic task motivation, in combination
with the social environment that can influence each of the intra-individual components (see
Amabile & Pillemer, 2012). Domain-relevant skills include both domain-specific expertise and
technical skills, acquired through either innate talent or training. Creativity-relevant processes
include flexible cognitive styles, personality traits (e.g., Openness), skills in using creative-
thinking heuristics and persistent work behaviors. Intrinsic task motivation is the internal drive to
conduct a task, to solve puzzles or problems, or to create something due to the process itself
being interesting, involving, personally challenging or satisfying. According to this account,
“creativity should be highest when an intrinsically motivated person with high domain expertise
and high skill in creative thinking works in an environment high in support [sic] for creativity”
(Amabile, 2013, p. 135).

Based on fringe consciousness, the two conflicting perspectives of creativity and the
ample empirical evidence linking Openness to creativity, we proposed two research questions in
Paper II1. First, we assumed that Openness was associated with recollecting Aha-experiences.
Consequently, we should see higher Openness in those who reported an Aha-experience
compared to participants who could not remember a specific episode or stated not to have had an
Aha-experience. Second, from a situation-dependent perspective, the relationship between Aha-
frequencies ought to be the outcome of creative achievements (i.e., creative reward) through
Aha-experiences. The perspective imposes that individuals scoring high on Openness benefit
more motivationally from having Aha-experiences than individuals that score low on the trait,
and consequently that the former group has Aha-experiences more often than the latter group.
However, the effect of incentive reward is likely to decrease with time, meaning that if it has
been some time since the last Aha-experience differences in Openness are less likely to predict
Aha-frequencies. Conversely, from a creative trait perspective, the relationship between
Openness and Aha-frequencies ought to be the result of creative aptitude (i.e., creative potential).
Consequently, since individuals who score high on Openness are generally more imaginative and
creative than individuals who score low on the trait, they ought to have overall more Aha-
experiences. The difference between the two perspectives is subtle, but from a creative

achievement standpoint, the relationship between Openness and Aha-frequencies ought to be
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stronger for newer and weaker for older Aha-experiences. The creative aptitude perspective, on
the other hand, necessitates that the relationship is similar in strength regardless of elapsed time
since the last memorable Aha-experience.

To test the assumptions described throughout this section, we developed a Bayesian
framework with computational models specifically designed to analyze the data we collected.
The following section will outline the fundamentals of Bayesian statistics and address

methodological concerns with the project.
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Methodological Considerations

The papers that constitute this thesis are based on data from multiple independent
samples, gathered using an online questionnaire platform (Qualtrics, 2014). We applied
generalized linear models (GLM) and generalized linear mixed models (GLMM) within a
Bayesian paradigm, and analyses were conducted in R (R Core Team, 2019). The present section
discusses broader aspects of the Bayesian approach used in the project, not covered in the
individual papers. The main emphasis will rest on the fundamentals of Bayesian statistics, which
we applied as the main analytical framework. The section will conclude with a separate

discussion on the retrospective survey design used in the project.
Bayesian Framework for Computational Modeling

A considerable part of this project has been to write the approximately 4,000 lines of code
that constitutes the bfw package (Skaar, 2018). Derived from the work by Kruschke (2015), the
framework provides several modules to conduct linear and non-linear, hierarchical analyses, and
allows the use of custom functions and complex Bayesian models specifically devolved for the
project. The overall framework and the models we used in the project were tested and validated
against examples provided by Kruschke, and otherwise by replicating studies that applied similar
models. The purpose of bfw was to integrate all facets described in the following sections.

The rationale for using a Bayesian approach stems from reasons both philosophical and
pragmatic. First and foremost, the approach facilitates implementation of hierarchical and robust
models (Gelman, Hill, & Yajima, 2012). The project addressed broad and multifaceted Aha-
experiences; accordingly, the phenomenology associated with the different Aha-experiences may
be equally multifarious. The nature of Aha-experience makes it challenging to collect data within
specific domains. For instance, though we have data from nearly 2,000 participants, gathered
from three independent data collections, less than 20 per cent of data concerns a STEM-related
Aha-experience. Bayesian statistics are arguably better than frequentist statistic in addressing
such uncertainties by considering the probabilities and variabilities of accumulated data. Second,
without dwelling on the null hypothesis significance testing (NHST) debate (see Higgstrom,
2016; Fraley & Marks, 2007; Thompson, 2014), we do not present NHST statistics nor compute
p-values. Still, we consider the interpretation of probability, results and confidence intervals from

Bayesian statistics, to be more intuitive, if not statistically superior to NHST (Hoekstra, Morey,
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Rouder, & Wagenmakers, 2014; VanderPlas, 2014; Rouder, Morey, Verhagen, Province, &
Wagenmakers, 2016; Nyberg, 2018). However, though Bayesian methodology is increasingly
popular (Wulff & Robinson, 2014), a short introduction might be needed to fully appreciate the

qualities of this approach to statistics.

Estimation. Bayesian statistics encompasses methods for describing mathematical
models. To make sense of these models, we reallocate the credibility of parameter values after
observing data in concordance with prior knowledge (Kruschke, Aguinis, & Joo, 2012). Unlike
frequentist statistics, we do not estimate single parameter values, but rather a distribution of
parameter values given the parameter space. This understanding of probabilities is closely akin to
the ones we use in everyday life. For example, if we are interested in finding a misplaced wallet,
we have in most cases some prior knowledge of where the wallet might be (e.g., in our house or
at the office), and we start by sorting these commonplaces according to their initial probabilities.
Often the wallet is not in the most likely of places, so after eliminating prospects we reallocate
the probabilities to different locations. Intuitively, we are conducting a Bayesian analysis.

The formal expression of the Bayesian approach, specified as the Bayes’ theorem (see
Equation 1), derives a posterior belief (p(6|D)) from the prior beliefs (p(8)) by taking into
account the /ikelihood of the data given the specified prior (p(D]0)). In some instances, using
few parameters and a prior that is conjugate with the likelihood function, it is possible to solve
the integral (see Equation 2) constituting the evidence (p(D)), thus, analytically derive the
posterior. However, in realistic, complex scenarios using multiple parameters it is impossible,

difficult or just impractical.

p(D[6) p(6)

1
p(D) (H

p(6|D) =
where

p(D) = fde p(D16) p(9) (2)
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Luckily, modern computers have made it possible to circumvent this obstacle (Lee &
Wagenmakers, 2014). Markov chain Monte Carlo (MCMC) is a popular class of algorithms for
approximating the posterior distribution (van Ravenzwaaij, Cassey, & Brown, 2018). MCMC is a
composite of Markov chain and Monte Carlo (Kruschke, 2015, p. 144). A Markov chain is a
stochastic process in which future states are independent of past states given the present state. In
other words, the Markov chain has a memoryless property where the probability of a future value
depends only on the present value and not past values. Monte Carlo is the algorithms used to
approximate the posterior distribution by randomly generating parameter values. MCMC
samplers approximate the posterior distribution using various types of sequential processing,
called random walks in parameter space (Gelman et al., 2013, p. 275). The random walk in
MCMC is a two-step procedure repeated a specified number of iterations. First, a random
parameter value from the target distribution is proposed. Second, the proposal is then either
accepted or rejected. The criterion for acceptance is either a value considered more likely than
the present state or acceptance of any value that lies within the boundaries of probabilistic space,
even if the proposed value is less likely than the present state. An accepted proposal constitutes a
new present state in the chain, whereas a rejection repeats the current state.

As an example of a random walk, consider three grocery stores (A, B and C) competing
for customers. In this example, we collect the day-to-day visits of 100 customers that are
representative of all customers in the area. The customers shop daily, and each customer visits an
initial store, thus, when we collect data at the end of the first day we have a vector containing
100 data points (e.g., visited stores = [x1 = A, x2 = C ... x100 = B]). The vector values will change

from day to day according to the probabilities of a transition matrix (see Figure 2).

A B C
A 07 02 01
B 01 06 0.3
¢c 04 02 04

p =

Figure 2. Transition matrix representing the probabilities of customers visiting one of three

competing grocery stores.

In this example, each row sums up to one and represents the probabilities of whether a customer

remains at the present store or moves on to another. For instance, we can see that if a customer
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initially visits store A, the probabilities of using the same store the following day is 70 %,
whereas a move to store B or C is 20 % and 10 % respectively. However, irrespective of the
initial store, a sufficiently long MCMC chain will eventually reach a steady state where we can
find the probabilities of a random customer visiting one of the competing stores. Naturally, this
example is quite simple, and we can solve it analytically: The transition matrix will reach a
steady state at day 43 and the probabilities of a random customer visiting one of the stores are
42.86 % (store A), 33.33 % (store B) and 23.81 % (store C).

The example above illustrates the Markov chain part of MCMC. However, in realistic
scenarios we do not know the probabilities and therefore use Monte Carlo algorithms to
randomly sample from the target distribution using a likelihood function. The overall purpose of
MCMC is to acquire a progressively more likely realization of the posterior distribution through
an equilibrium probability distribution. The total number of links, or steps, in the MCMC
constitutes the approximated posterior distribution, from which we can estimate the central
tendency (i.e., most probable parameter values). Thus, by using MCMC, we do not need to
compute the integral in Equation 2, rather the posterior distribution is seen as proportional to the
likelihood of the observed data given the prior as a factor of the a-priori probability (as in

Equation 3).

p(6|D) « p(D|6) p(6) (3)

Given enough time and computational power, all MCMC samplers will converge to the same
limit, which is the posterior distribution they are set up to approximate. However, some samplers
are better adapted to specific scenarios, where they will give a better approximation in a shorter
time. In the current project, we used Just another Gibbs sampler (“JAGS”, Plummer, 2003) with
four chains, which is suited for multivariate probability distributions. The use of multiple chains,
with different initial values, is fruitful in order to assess the convergence of the chains, and affirm
whether the model is an adequate representative of the respective underlying posterior
distribution (Kruschke & Vanpaemel, 2015). Initial values, compared to later iterations, are likely
to lie within a lower probability region and are therefore less representative of the posterior
distribution. Therefore, initial steps of the chain are removed (known as the warm-up period) to

increase the likelihood for a chain to enter an equilibrium probability distribution, and to
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improve the convergence rate of the chains (Gelman et al., 2013, p. 282; Hobert & Jones, 2004).
We conducted diagnostic testing using both graphical and numerical measures, with the effective
sample size (ESS) statistics being considered the most valued measure of adequacy of the
sampling procedure (Kruschke, 2015; Brooks & Gelman, 1998; Gelman & Rubin, 1992; Kass,
Carlin, Gelman, & Neal, 1998; Gelman & Shalizi, 2013). ESS is a heuristic commonly used to
evaluate the independence of steps in the MCMC chain (Kruschke & Vanpaemel, 2015).
Consider a MCMC with four chains of £ = 2,500, totaling 10,000 steps, if the chain has zero
autocorrelation ESS would equal the total number of steps. However, even if the mathematical
model is sound, there is bound to be some degree of autocorrelation, reducing the independency
of each step in the chain. Thus, lower ESS signifies higher autocorrelation and less independent
information in each step of the chain. Kruschke (2015, p. 184) suggests that an ESS of 10,000 is
sufficient to assess the accuracy of the 95% highest density interval (HDI), whereas a smaller
ESS is needed to inspect the central tendency of the posterior. The 95% HDI contains the values
with the highest probability density, such that the (posterior) probability that it contains the true

parameter values is 95%.

Hierarchical models. Mathematical models, like life in general, often include multiple
parameters where the probabilities of some parameters depend on the values of other parameters
(Kruschke & Vanpaemel, 2015). For instance, a hierarchical model may include parameters on
subject-level (i.e., lower-level parameters) controlled for by hyperparameters on overarching
group-levels (i.e., higher-level parameters), where the estimate on an individual level is informed
by all subjects belonging to a specified group or groups (Gelman & Hill, 2006). Thus, in order
for a hierarchical model to be meaningful, the hierarchy has to be meaningful (Kruschke &
Vanpaemel, 2015). The main benefit of such models is to counterbalance between-group
heterogeneity, where different subsets of groups have different variabilities from others
(Tuerlinckx, Rijmen, Verbeke, & Boeck, 2006). The resulting effect, generally called shrinkage
of estimates, often leads to a closer gathering of values at lower-level parameters due to the
influence of higher-level parameter values (Kruschke & Vanpaemel, 2015). Consequently,
outliers have less influence on parameter estimates. An additional benefit is that hierarchical
models may reduce redundant analyses (Gelman et al., 2012). Thus, as inferences are derived
from a single posterior distribution, there is no need to correct for multiple comparisons, a

problem often encountered in frequentist statistics (Gelman & Hill, 2006; Kruschke &
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Vanpaemel, 2015).

In Paper II, we explored the relationship between gender and social context, to assess
whether participants were more likely to be alone or together with someone that contributed to
the Aha-experience. Derived from social role theory (Eagly & Wood, 2016) we assumed that
both domain and interest would influence the relationship between gender and social context.
Furthermore, as data encompassed three independent samples, we were interested in reducing
potential between-group heterogeneity. Consequently, the hierarchical model specified that
group-level distribution of gender and social context were informed by interest, which in turn
were informed by domain, which in turn were informed by the three different samples.
Consequently, using a single analysis, we could infer in Paper II that women, compared with
men, were more likely to be together with someone relevant for the Aha-experience, but only for
Aha-experiences that prompted triggered or maintained interested within a STEM or personal

domain.

Model fit. Diagnostics testing may uncover intrinsic flaws in the mathematical model.
However, the procedures are only the initial part of assessing the model. Depending on the nature
of the project, there are two subsequent steps: addressing relative or absolute model fit. Relative
model fit includes methods to compare relative fit between competing models and are used in
model selection (e.g., C.-P. Wang & Ghosh, 2011). Absolute model fit encompasses methods for
assessing the adequacy of the model using posterior predictive checks to compare observed and
predicted data (Gelman & Hill, 2006). The latter approach was used in In Paper II, where we
applied a Bayesian structural equation model adapted from Evermann and Tate (2014). To assess
the model, we computed a posterior predictive p-value (PPP) of fit, based on a fit statistics (f)
from a likelihood-ratio (y?) test of the posterior results against unrestricted simulated data
(Muthén & Asparouhov, 2012). In other words, adequacy was determined on whether the model
was able to account for both observed (i.e., actual) data and predicted (i.e., simulated) data. As an
extension, the methods used for absolute model fit can be applied to determine power and
replication probability (Kruschke, 2010, 2013). We used the latter approach in Paper III to

conduct a prospective power analysis.

Inference. Bayesian statistics is for many researchers an attempt to step away from the

pitfalls of NHST (e.g., Cohen, 1994). Though Bayesian approaches may be less likely to fall
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victim for dichotomization of evidence intrinsic to the NHST paradigm (McShane & Gal, 2017),
there are still unresolved controversies associated with Bayesian inference (Gelman, 2008;
Gelman et al., 2012). Naturally, it is not within the scope of this thesis to address this
overarching debate but is nonetheless appropriate to discuss differences between Bayesian and
frequentist school of thought. A Bayesian understands probabilities as degrees of beliefs and it
models uncertainty by the probability distribution over hypotheses. Inferences are drawn on
observed data that are conditional on the confidence in the selected prior and the likelihood
function. The question raised is, given the observed data, what is the probability of the
hypothesis being true. Importantly, alternate prior distributions may lead to considerably
different findings. The main criticism of Bayesian statistics stems from the use of such subjective
priors. Conversely, a frequentist understands probabilities as a fixed frequency, meaning the ratio
of occurrences of an event over occurrences of all events. Frequentist statistics do not need a
prior and does not use probabilities to describe hypotheses. Moreover, the frequentist approach
indicates that the likelihood depends on both observed and unobserved data, and inferences are
drawn from a finite sample that contains random products of the fixed frequency. The question
raised is, given a (null) hypothesis, what is the probability of observing the sampled data.
Consequently, a frequentist uses p-values to determine an acceptable error-rate by finding a
balance between two reciprocal errors due to randomness. Type I errors signify that there is an
acceptable percentage of times, usually 1-5%, where the observed data does not support a (null)
hypothesis that is false. Type II errors, on the other hand, signify how often the observed data
support a (null) hypothesis that is false. In the current project, due to the exploratory nature of
our study, we applied priors that were broad and noncommittal. In other words, priors had
minimal influence on the results (Berger, 2006). Accordingly, considering the sample size,
posterior distributions would approximate maximum likelihood functions (Beerli, 2006;
Kruschke et al., 2012). In other words, a researcher using the best of frequentist techniques
would most likely arrive at the same conclusions as we did. So, our choice of a Bayesian
framework may be seen as a philosophical one, though we would emphasize that the utility of
having a single overarching model the way hierarchical Bayes offered, has been a great aid to
both thinking and analyzing.

Furthermore, it is necessary to differentiate between the two major schools of Bayesian

inference: Bayes factor (Morey, Romeijn, & Rouder, 2016; Wetzels & Wagenmakers, 2012) and
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parameter estimation (Gelman et al., 2013; Kruschke, 2015). Considered a Bayesian
continuation of testing null hypotheses, the purpose of Bayes factor is to compare a model that
expresses the null hypothesis against a model expressing alternative parameter values (Kruschke,
2013). However, the current project opted to use the approach of parameter estimation, where
inferences derive from examining the posterior distribution. Thus, by assessing the HDI of
parameter values from the posterior distribution, we measured the uncertainty associated with
each parameter. Furthermore, by applying a region of practical equivalence (ROPE), we assessed
whether the probable values of the parameter were equivalent to zero (Kruschke & Liddell,
2017). Similar to equivalence testing in frequentist statistics (e.g., Lakens, 2017), the purpose of
ROPE is to act as an decision rule to determine if an observed effect is different from a landmark
value, usually null (Kruschke & Vanpaemel, 2015). By defining lower and upper boundaries for
the landmark value, it is possible to infer whether the parameter value is equivalent or credibly
different from the landmark value.

To appreciate the logic behind inference from parameter estimation, please consider the
following example of the parameter values of a regression coefficient. Figure 3 represents a
density plot of the posterior distribution of the parameter values accumulated from four MCMC
chains (k = 250,000, where £ is the number of total steps). The dark grey area is the 95 % HDI,
and we see that the probability density outside the HDI (as marked in light grey) is lower than
the densities inside the HDI. The solid white line is the mean and the solid black line is the mode
of the parameter value. In this example, the posterior is approximately normally distributed,
hence the close gathering of lines, that also masks a white dashed line indicating the median. The
dotted dark grey line identifies zero, whereas two black dashed lines signifies ROPE defined as
+0.05. Here, ROPE is chosen arbitrarily, however ROPE should be defined according to some
clinical or community standard. From the figure, we can observe that 27.86% of the simulated
parameter values lie within the boundaries of the ROPE around zero, indicating no effect.
Furthermore, we can see that zero falls within the boundaries of the HDI, and it is therefore
inappropriate to claim that the posterior distribution indicates a credible null, positive or negative
effect. The Bayesian term credible is similar but not identical to the more familiar frequentist term
significant; as a rule of thumb, readers may equate credibility with significance. However, as seen
from the horizontal dashed line at the bottom, 70.43% of the simulated parameter values were

lower than, or equal to, the lower boundaries of the ROPE, meaning that it is more likely that the
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effect is negative. Presented as the mode of parameter values and the upper and lower bounds of

the HDI, the results look like this: g =-0.08, 95% HDI [-0.21, 0.03].
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70.43% 27.86% 1.71%
-0.4 -0.3 -0.2 0.1 0.0 01 0.2

Parameter value

Figure 3. Example of the posterior distribution of a regression coefficient.

The Retrospective Design

Dietrich and Kanso claimed, “insight is so capricious, such a slippery thing to catch in
flagrante, that it appears almost deliberately designed to defy empirical inquiry” (Dietrich &
Kanso, 2010, p. 822). In other words, the nature of Aha-experiences makes it rather difficult to
observe in experimental settings. Several paradigms exist to elicit insight, like compound remote
associate problems (Bowden & Jung-Beeman, 2003), magic tricks (Danek, Fraps, von Miiller,
Grothe, & Ollinger, 2014b; Hedne et al., 2016) and different kinds of puzzles (e.g., Friedlander
& Fine, 2018; MacGregor & Cunningham, 2008; Weisberg, 1995). However, it is uncertain
whether induced insights share a similar phenomenology to those found in an naturalistic setting
(Klein & Jarosz, 2011). Furthermore, induced insights are inherently bound to problem-solving

domains, which make them unfeasible to compare insight within different domains. For instance,
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is solving a mathematical equation through insight comparable to suddenly finding God? To
approach such questions, we need a diverse and large dataset of Aha-experiences. Thus, the
present project aims to complement and enhance existing evidence found in experimental studies
by gathering and synthesizing Aha-experiences as reported by the participants of the study.

The major strength, and weakness, of this project was the use of a single, large-scale
survey. The survey targeted two different populations by applying two similar, yet distinctive
questionnaires. The first questionnaire, aimed at a broad, general population, asked participants
to report an Aha-experience without setting any limits on the topic. The second questionnaire,
directed towards high-school students, asked for school-related Aha-experiences. Besides some
minor differences, the two questionnaires were identical in their structure. Separated into five
interconnected parts, the survey first asked the participants to write down a self-experienced
Aha-moment. The second part contained multiple-response items asking for contextual
information about the reported Aha-experience (e.g., where, when and with whom it occurred).
The third part contained several items measuring seven dimensions of the phenomenology of the
Aha-experience from before, during and after the Aha-experience. The fourth part encompassed
items measuring the frequency of Aha-experiences (Aha-frequencies). The final part asked the
participant to rate two inventories measuring Big Five personality traits and self-efficacy.

A defining aspect of the survey was included at the beginning of the questionnaire, where
we asked participants whether they have had an Aha-experience and, subsequently, if they could
describe a specific Aha-experience. The answers in this initial section defined the flow of the
survey and separated the participants in three distinct groups. Foremost of interest, the first group
encompassed participants that wrote down an Aha-experience. This group constituted more than
half (51.3%) of the total sample and completed all parts of the questionnaire. The second group
(16.2%) reported that they had once had an Aha-experience but could not remember a specific
episode. This group completed the part containing Aha-frequencies and the final part containing
personality traits and self-efficacy. The last group (32.4%) stated not to have had an Aha-

experience and completed only this final part of the survey.

Limitations. There are some notable overall limitations with our retrospective approach.
First, deploying a single survey on multiple populations within a short timeframe, compared to
conducting sequential studies, prevents further development of the questionnaire during the

project. Though we reviewed and replaced some phenomenology items after the initial study
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with the University sample, the questionnaires used for the MTurk and School sample inherently
have the same limitations. The Aha-experience is a metacognitive response to a cognitive event,
dependent on both the individual and the specific situation (Liljedahl, 2004, p. 202). In hindsight,
the questionnaire ought to have had items measuring the strength, or potency, of reported Aha-
experiences (cf., Danek & Wiley, 2017; Loesche, Goslin, & Bugmann, 2018). Consequently, the
study lacks the ability to differentiate between trivial, major, and life-changing insights.
However, the nature of the project entails little control of the reported Aha-experiences, meaning
that adding additional parameters would significantly increase the sample, time and resources
needed to collect an adequate amount of data points. Second, emotions are a defining aspect of
the project, and research has shown that reporting emotional episodes over short time frames is
qualitatively different from long term retrieval (Mauss & Robinson, 2009; Robinson & Clore,
2002a, 2002b). Thus, the retrospective design, using post-hoc self-reports, may bias results due
to lay-theories about the mind. Respondents may report their Aha-experiences based on semantic
knowledge rather than episodic memories. Third, there are other response biases, including social
desirability, that may exaggerate or obscure results (Brenner & DeLamater, 2016; Fan et al.,
2006; Furnham & Henderson, 1982; Ludeke, 2014). Specific limitations associated with each

individual study are addressed in the General Discussion section.

Strengths. The main benefit of the design is the ability amass large amounts of data in a
short amount of time and, more importantly, easily and directly compare results in the three
different papers. The structure of the questionnaire, divided in three succinct parts, facilitated
three separate papers on the phenomenology of Aha-experiences (Paper I), social and educational
psychology (Paper II) and individual differences concerning the frequency of Aha-experiences
(Paper III). The process of developing a large, coherent questionnaire has allowed the
synthesizing of adjoining facets from adjoining aspects of psychology, adding a deeper
understanding of a diverse collection of Aha-experiences. Consequently, the survey approach
complements experimental studies, that otherwise have limited scope and are more difficult or

costly to implement.

Ethical considerations. The questionnaire encompassed both closed and open-ended
questions, and a defining aspect of the project was the written descriptions of Aha-experiences.

We considered the data as sensitive, since the combined information gathered from the written
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description and demographical data could potentially identify the participants or others
mentioned in the Aha-experience. Consequently, we separated the written descriptions from the
remaining by data using two datasets with shared numerical identifiers. Moreover, we checked
the written descriptions for any information that could identify the participant or others described
as part of the Aha-experience.

We acquired informed consent at the beginning of the questionnaire by briefly explaining
the background and purpose of the project. We informed participants that participation was
voluntary and that we would anonymize the data. Furthermore, we informed participants that
they had a right to access, edit and delete any provided data at any time. Finally, we provided a
more detailed description of the project at the end of the questionnaire. The project obtained
ethical approval from the Norwegian Social Science Data Services (#35006) and the Internal

Research Ethics Committee at the Department of Psychology, University of Oslo (#914575).
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Summary of Papers
Paper I: The Phenomenology of Aha-experiences

Background. Derived from an integrative fluency account, we aimed to assess the
relationship of the fundamental components of the Aha-experience: sudden insight, fluency,
positive affect and subjective certainty. Previous experimental studies have examined and shown
connections between the individual variables of the Aha-experience, but the present study is the
first to test a coherent theoretical explanation. In addition, sudden insight involves a
representational change that may affect an individual’s immediate sense of agency. Thus, by
controlling for sense of agency as a potential confounding variable, we may further elucidate the
relationship of sudden insight with fluency, certainty and affect. Lastly, though qualitative studies
have reported that Aha-experiences may change a person’s attitude toward the domain in which
an insight occurred, there existed to date no quantitative study that assessed this potential

relationship.

Methods. In two independent samples (N = 636): MTurk (n = 341) and School (n =295),
we applied structural equation models to test the integrative fluency account. Furthermore, we
used the model to evaluate the potential relationship between the Aha-experience, sense of
agency and change in motivation and coping from before to after the Aha-experience (datasets

and R scripts to replicate the study are available at phd.skaar.no/ahal).

Methods. Results. Initial analyses indicated that fluency, positive affect and subjective
certainty are underlying facets of a broader dimension, dubbed metacognitive feelings.
Sequentially, SEM exhibited that metacognitive feelings together with sense of agency, elicited

by sudden insight, mediate change in motivation and coping.

Conclusion. The study strengthens the hypothesis that fluency is marked hedonically and
epistemically, and in general conforms to the fluency account. Importantly, the study supports
prior qualitative studies, linking Aha-experiences to positive change in motivation and coping

within a given domain.
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Paper II: Unravelling the Aha-experience

Background. Despite considerable investments, the underrepresentation of women in
STEM fields is still evident. Prior research indicates that women generally show less interest in
STEM compared to boys, which, naturally, may help explain the observed disparity.
Consequently, it is prudent to uncover reasons for the gender differences in interest. Grounded in
social role theory, we hypothesized that men would be more often alone prior to an Aha-
experience and women more often together with someone relevant for the experience. Thus, as
traditional STEM-education is marked as highly competitive and individual-oriented, female

students do not optimally benefit from STEM instruction in terms of affective consequences.

Methods. The study encompassed three independent samples (N = 899): University (n =
257), MTurk (n = 341) and School (n = 301). We were interested in the relationship between
gender and social context, meaning, whether the participant was alone or together with someone
contributing to the Aha-experience. To explore this potential relationship, we analyzed Aha-
experiences from three separate domains (personal, STEM, and other topics) that either increased
or did not increase interest within the respective domain. We applied a hierarchical model
comparable to a four-way contingency table to compute the odds-ratio and effect-sizes of social
context by gender (datasets and R scripts to replicate the study are available at

phd.skaar.net/aha2).

Results. Overall, results indicated that men, compared with women, were more likely to
be alone during the Aha-experience. The effect was most credible for participants who reported
increased interest in personal and STEM domains, whereas there were no differences for other

topics.

Conclusion. Consistent with previous findings, the study suggests that women find more
interest from cooperation than men and therefore have more Aha-experiences together with
others that contributed to the Aha-experiences. We argue that the reported gender differences in
social context are in line with the distinction between agentic orientation in men and communal
orientation in women as derived from social role theory. These observations may help explain
why girls are less interested in STEM than boys are and may have implications for school

instruction.
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Paper II1: Openness to Aha-experiences

Background. The Aha-experience is a phenomenon associated with creativity and by
some considered a subfield of creativity itself. Among individual differences, Openness to
Experience appears to be the strongest predictor of creativity and creative self-efficacy. Thus,
one might assume that Openness to Experience also shares a relationship with Aha-experiences,
and the frequency of Aha-experiences. To date there are no studies that examine whether the
relationship between Openness to Experience and creativity depends on creative achievement—
for example in form of Aha-experiences—or creative aptitude. From an achievement perspective,
creativity is a situation-dependent state. Consequently, the strength of the relationship between
creativity and Openness ought to depend on maintained creative activity. On the other hand, from

an aptitude perspective, the strength of the relationship needs to be stable over time.

Methods. Based on two independent samples (N = 1,314): MTurk (n = 744) and School
(n=570) sample, we first applied Bayesian equivalents of ANOVA to examine the relationship
between Openness to Experience and participants who (1) reported an Aha-experience, (2) could
not remember a specific Aha-experience or (3) claimed that they never had one. Second, we
applied correlation and hierarchical multiple regression models to examine the relationship
between Openness to Experience and the frequency of Aha-experiences for newer and older Aha-

experiences (datasets and R scripts to replicate the study are available at phd.skaar.net/aha3).

Results. Analyses linked Openness to Experience to recollecting autobiographical
memories. In other words, participants scoring high on Openness to Experience were more likely
to report an Aha-experience. Furthermore, the additional analyses indicated that Openness to
Experience shared a positive relationship with frequency of Aha-experiences. However, the
relationship depended on elapsed time since the Aha-experience, and the relationship was only

credible for newer Aha-experiences.

Conclusion. The study indicates that Openness relates to increased sensitivity to
metacognitive processing at the fringe of consciousness. Furthermore, the results support the
creative achievement assumptions as the data excludes the possibility of a stable relationship
between Openness and Aha-frequencies, which is necessary for the creative aptitude assumption

to be true.
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Extended Results

The main benefit of the current research design was the acquired collection of a rich and
diverse tapestry of Aha-experiences. If anything, the present project has demonstrated that the
Aha-experience occurs within many domains in numerous ways. Furthermore, drawn together,
the three studies that constitute the current thesis allow both individual and combined inferences
that provide a foundation for new hypotheses. The following section therefore delves into the
existing results from the studies and aims to enrich these results through further examination of
the existing data. In addition, Rozin (2006; 2007) argued that psychologists have little sense or
respect for descriptive approaches to the domains of life. Thus, the section begins with a
descriptive overview of the Aha-experiences, adding more context to the overall results. Datasets

and R scripts to replicate results found in the thesis are available at phd.skaar.net/thesis.

Situational Settings

To better understand the Aha-experience as novel and personally meaningful experiences
(Beghetto & Kaufman, 2007), the descriptive section makes a distinction between the General
and the School questionnaire. The circular plots in this section represent the interrelated answers
from multiple-response items. In order to better interpret the answers, we also recoded each
category of multiple-responses into mutual exclusive groups based on the written feedback and a
predetermined hierarchical structure. In other words, in cases with multiple options, group
allocation was determined according to predetermined ranks outweighing each other. The figures

are available in high resolution and as vector graphic at phd.skaar.net/thesis/settings/

Locations. The two main locations of Aha-experiences were at home or at school.
Though the results were more pronounced for the School sample, the General samples also
exhibited the same pattern. However, as seen from Figure 4, the School sample included more
multiple responses. For instance, as participants from the School sample often reported doing
homework, they frequently reported being both at home and at school. The recoding structure
encompassed three distinct groups: (1) work, which included study or work, (2) home, one’s own
or that of another and (3) somewhere else, all other locations. Consequently, after recoding the
answers, the differences between the two populations became more distinct. Whereas 78% from

the Schools study reported being at work, 23% from the General samples reported the same.
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Conversely, 20% from the School sample reported being at home, in contrasts to 54% from the

General study. Lastly, only 2% of the School sample reported being somewhere that was not a

private residence or school, compared to 24% from the General samples.

General

i 4 Locations General  School
(1013)  (758)

1 Own home 34.35 23.63

2 Home of another 6.97 4.48

3 Nature 4.59 1.74

4 Transportation 3.74 2.24

5 Abroad 3.06 1.49

6 Work 9.52 1.24

7 School 24.83 57.71

8 Religious assembly hall 1.36 1.00

9 Restaurant 1.19 1.24

10 Nightclub 0.51 1.00

“ 11 Fitness center 2.21 2.49
== 12 Somewhere else 6.97 1.24
13 Dont know 0.68 0.50

Figure 4. Locations of Aha-experiences for general and school samples. Percent with 7 in

parentheses, where n indicates the total number of entries.
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Activities. Figure 5 depicts a wide array of conducted activities prior to the Aha-
experience. The category was recoded into three groups: (1) Interaction, either listening or
talking to someone, (2) work, which entailed both work and studying and (3) /eisure activities.
The latter encompassed, especially, browsing the internet, listening to music and watching TV.
The interaction groups were roughly the same size between the General (42%) and School (45%)
studies, and the main difference was between work (General = 26%, School = 47%) and leisure
(General = 32%, School = 8%). The results showed that while interaction may play an important

role, it is not crucial for a majority of Aha-experiences.
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Figure 5. Activities of Aha-experiences for general and school samples. Percent with » in

General

o General School

# Activities (1084) (797)
1 Worked 7.38 7.65
2 Read 7.66 9.03
3 Studied 13.75 25.72
4 Wrote 3.69 8.28
5 Discussed or talked 16.51 11.42
6 Listened to someone 12.73 11.67
7 Planned something 2.86 1.38
8 Gave a presentation 0.46 1.00
9 Did housework 1.38 0.25
10 Prayed 1.20 0.38
11 Meditated 1.38 0.00
12 Sang 0.92 0.75
13 Listened to music 4.52 4.64
14 Played an instrument 0.83 1.13
15 Watched sports 0.09 0.75
16 Worked out 2.49 1.88
17 Drank alcohol 0.65 0.88
18 Shopped 0.18 0.50
19 Slept 1.48 0.75
20 Watched TV 2.12 2.13
¢ 21 Watched a movie 0.74 1.88
22 Watched a show 0.65 0.25
23 Browsed the Internet 3.32 1.88
24 Traveled 1.57 0.63
25 Vacationed 0.83 0.75
26 Text: Work or study 1.57 2.13
27 Text: Leisure 6.83 1.38
28 Text: Interaction 1.20 0.25
29 Dont know 1.01 0.63

parentheses, where # indicates the total number of entries. Text indicates categories based on free

text.
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Social contexts. The differences between the two studies were apparent in Figure 6. The
role of social context was more pronounced in the School sample, and the importance of teachers
was highlighted in more than a quarter of the cases. Similarly, participants considered fellow
students important for the Aha-experience. Though these characteristics were also present in the
General samples, participants in these samples were more frequently alone. The social context
category was first recoded into three groups: (1) Together with others that contributed to the Aha-
experience (General = 44%, School = 70%), (2) Together with others that did not contribute to
the Aha-experience (General = 19%, School =29%) and (3) alone (General = 37%, School =
1%). The final group was dichotomized into alone (General = 56%, School = 30%) versus

together (General = 44%, School = 70%).
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General

# Social Context C(}le 8331 8(071;%())1
1 Alone 22.51 9.63
2 Spouse/Partner 4.05 1.58
3 An offspring 0.99 0.26
4 Several offspring 0.39 0.00
5 Father 2.67 4.49
6 Mother 247 2.64
7 Brother or sister 1.97 2.51
8 Several siblings 0.59 0.40
9 A friend 6.91 5.54
10 Several friends 6.52 7.39
11 Boss 0.59 0.53
12 A coworker 2.07 0.26
13 Several coworkers 2.37 0.40
14 A teacher 6.12 18.87
15 Several teachers 0.69 2.24
16 A fellow student 2.86 8.05
17 Several fellow students 9.77 18.47
18 An unknown person 0.99 0.26
19 Several unknown persons 3.46 0.79
20 Text: Family and friends 7.31 1.45
21 Text: Professional capacity 1.68 2.24
22 Text: Other 1.28 0.26
23 Dont know 0.79 0.26
24 Others not important 10.96 11.48

Figure 6. Social contexts of Aha-experiences for general and school samples. Percent with 7 in

parentheses, where # indicates the total number of entries. Text indicates categories based on free

text.
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Domains. Interestingly, the two main domains of Aha-experiences were introspection and
mathematics. However, the ratio of the two domains was nearly reversed between the General
and School samples (see Figure 6), with introspection as the largest domain for the General
samples and, conversely, mathematics for the School sample. We recoded the category into three
distinct groups: (1) STEM (General = 21%, School = 75%), (2) personal (General = 59%, School
= 17%) and (3) other topics (General = 29%, School = 8%).
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Figure 7. Domains of Aha-experiences for general and school samples. Percent with n in

4 Domains General School
(1004)  (473)

1 Introspection 20.92 5.50
2 Love 6.77 4.23
3 Friendship 2.89 2.96
4 Morality 2.39 4.23
5 Health 3.98 4.65
6 Sports 1.29 2.54
7 Music 1.79 2.96
8 Language 3.69 2.96
9 Mathematics 10.56  44.82
10 Conflict 4.88 3.17
11 Religion 1.99 1.48
12 Philosophy 2.69 3.17
13 Art 2.19 0.63
14 Politics 1.10 1.69
15 Economy 2.99 0.85
® 16 Social relations 6.57 3.38
17 Text: Personal 11.45 3.59
18 Text: Other Topics 7.27 1.90
19 Text: STEM 3.69 4.65
20 Dont know 0.90 0.63

parentheses, where # indicates the total number of entries. Text indicates categories based on free

text.
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An example of a STEM-related Aha-experience was:

When I was in one of my math classes we were trying to understand why calculus was
useful. It never occurred to me why or how we got the formulas we used. The teacher
drew a circle on the board and asked us how to find the area. Then she said okay what if |
rotated the circle, how do you find the volume. We were already familiar with integration
for area under the curve type of stuff, but never really thought about volume. She
pretended like she was rotating the circle on the board, and it totally clicked for me. You
can use those same formulas to find the volume of objects by find the correct parameters
to integrate over. [ was pretty excited to actually have that understanding, made me really
love taking calculus. I finally understood why we needed all that background in math. To
me it felt like everything Id learned for the past 10 years in math sort of culminated to

that point.

The personal experience involves a change of perspective about oneself (e.g., purpose in life,
personal health or growth, future goals or accepting past experiences), and may include
interpersonal elements (e.g., relationships with family and friends, or romantic/sexual

relationships in general). An example was:

I had an Aha experience when I realized what I wanted to do for a career after school. It
came all of a sudden, and I saw that I wanted to be a history professor in college. I will

have to go for my doctorate to achieve this goal, but I am looking forward to it.

Finally, many Aha-experiences do not truly belong to any of the two categories. Consequently,
we added a third category, other subjects, which are often like STEM, and generally include
solutions of a problem (e.g., riddles, games) or acquiring a skill (e.g., languages, physical/sports

techniques) that was not within the STEM fields. An example was:

Something in a video game, [ was playing a video game where there was a difficult
puzzle to solve. After taking some time off;, I realized what I had to do to get past the

puzzle. It was enlightening, and I felt extremely happy.

Time of the year. We also asked the participants and what time of day and what time of year

they had the reported Aha-experience. Results presented in Table 1 indicated a more evenly
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distribution of Aha-experiences throughout the day in the General samples, whereas participants
from the School sample predominantly had their Aha-experiences in the morning and
decreasingly throughout the day. Attempts to interpret the results are speculative, however, the
results may indicate that though Aha-experiences can occur at any point of the day, School-
related Aha-experiences are more likely in the morning when students are attending school and
are more focused on school subjects. Furthermore, as seen from Table 2, the reported Aha-
experiences from the General samples were more evenly spread through the year. Interestingly, a
majority of participants (63.78 %) from the School sample reported having their Aha-experiences
in either autumn or winter. Though it is not surprising that students have less school-related Aha-
experiences during summer, it is remarkable that only 11.3 percent of students reported Aha-
experiences during spring. If it is not a statistical quirk, one possible explanation may be that
students are more refreshed and focused after the summer holiday and, conversely, longing for
the summer holiday during spring. Another possible explanation may be that students are more
inclined to study during seasons with poor weather, whereas spring offer more opportunities
outdoors. A third explanation may be that students more frequently encounter novel topics in the

beginning of the academic year, while spring to greater extent encompasses repetition and final

exams.
Table 1
Time of Day

General School
Item n % Item n
Morning 159 26.81 186 61.79
Afternoon 196 33.05 51 16.94
Evening 122 20.57 39 12.96
Night 79 13.32 7 2.33
Don’t know 37 6.24 18 5.98
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Table 2

Time of Year

General School
Item n % n %
Winter 109 18.4 95 31.56
Spring 191 32.2 34 11.3
Summer 89 15 18 5.98
Autumn 126 21.2 97 32.23
Dont know 78 13.2 57 18.94

Drawn together, the situational settings of the Aha-experience demonstrate the

multifarious nature of insight. Importantly, the results indicate that the Aha-experiences occur in

many different domains, and that the given context of the questionnaire (i.e., broad/General or

narrow/School) shapes the responses given. Derived from the three papers we can now look

further and delve deeper into the existing data.

Negative Aha-experiences

Figure 8 depicts ratings of the four dimensions of all Aha-experiences that encompassed

Paper 1. Evidently, though the School sample consistently scored lower on all measures; the

overall results provided equivalent results for both the General and School samples.
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Figure 8. Ratings of phenomenology dimensions of Aha-experiences.

However, though participants generally reported positive changes, of the 636 participants, 55
reported a negative change in positive affect from before to during the Aha-experience.
Consequently, some 9 % of participants reported a negative Aha-experience (see

phd.skaar.net/thesis/results1/). An example of such experience is:

My Aha-experience was the first moment in my adult life that I realized that my life will
end one day. I just woke the day after I had hung out with my friend who is in remission

from Stage 4 lymphoma and realized that my consciousness will end eventually.

For positive Aha-experiences, all four dimensions shared a credible and positive relationship.
Conversely, for negative Aha-experiences, sudden insight shared a negative correlation with
metacognitive feelings (r =-.51, 95% HDI [-.70, -.26]) and sense of agency (r = -.34, 95% HDI
[-.59, -.06]). Though the relationship between metacognitive feelings and sense of agency

remained positive (r = .41, 95% HDI [.10, .64]), motivation and coping shared no credible
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relationship with the other three dimensions. Thus, the preliminary results indicate that the
negative Aha-experience share a similar, yet contrasting phenomenology as positive Aha-

experiences but does not relate to changes in motivation and coping.
Social Context and Aha-frequencies

Liljedahl’s (2004) study suggests that Aha-experiences are often facilitated by ongoing
and frequent peer interaction. Based on results in Paper II and Paper I1I, it is conceivable that
social context predicts Aha-frequencies, and consequently that men, being more often alone prior
to Aha-experiences, ought to have less Aha-experiences compared to women. To test this
assumption, we can use first use a hierarchical model similar to the one used in Paper I and
examine whether men are less likely to report a specific Aha-experience. In the model, group-
level distribution of gender is informed by three Aha-Types, which in turn are informed by the
three different samples. The three Aha-Types are (1) participants that reported a specific Aha-
experience (Reported), (2) participants that did not remember a specific Aha-experience (Non-
reported) and (3) participants that stated not to have had an Aha-experience (No-Aha). Results
from this analysis show inconsequential differences between the three groups (see

phd.skaar.net/thesis/results2/). Furthermore, we can directly analyse the relationship between

Aha-frequencies and social context using a model similar to Kruschke (2013). Results from this
analysis indicate neglible differences between participiants being alone or together (see

phd.skaar.net/thesis/results3/).

Naturally, these results assume that participants reporting being alone or together
generally have Aha-experiences in such a fashion and thus limiting the scopes of interpretation.
However, on face, there are no indications that social context or gender predicts recollecting
Aha-experiences or Aha-frequencies. Rather, the role of social context seems dependent on the
overall context of the Aha-experience. Participants from the School sample were more likely in a
situational setting involving teachers or other students that contributed to the Aha-experience,
whereas participants from the University and MTurk sample were more often physically alone
prior to the Aha-experience. These results conform with Tidikis and Ash (2013), where the
authors found that groups, compared to individual approaches, did not lead to solving more
problems or reduce solving time of insight tasks. However, by adapting the hierarchical model,

replacing Aha-Types with activities, we found that women, in contrast to men, generally do
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engage in interaction during work or leisure-type activities rather than performing these activities

in isolation (see phd.skaar.net/thesis/results4/).

Openness and Sudden Insight

Paper III identified Openness as a predictor of Aha-experiences and Aha-frequencies. The
results pose the question whether Openness relates to the phenomenology of Aha-experiences.
Few studies have examined the relationship between personality traits and the Aha-experience.
However, one study exhibited that Openness was the best predictor of sudden insight (Ovington,
2016). Similarly, descriptive analyses indicated that of the four phenomenology dimensions used
in Paper I, only change in sudden insight from before to during the Aha-experience shared a
credible relationship with any of the Big-Five personality traits. Furthermore, a multiple

regression analysis showed that only Openness and Agreeableness were credible predictors of

(positive) change in sudden insight (see phd.skaar.net/thesis/results5/). The positive relationship
between Agreeableness and sudden insight is surprising given that creativity research suggest
that creative individuals score low on Agreeableness (King, Walker, & Broyles, 1996), and that
Agreeableness generally is a poor (i.e., non-significant) predictor of creativity (Bridges &
Schendan, 2018; Silvia, Kaufman, Reiter-Palmon, & Wigert, 2011; Zare & Flinchbaugh, 2019).
However, some studies have identified Agreeableness as a positive predictor of creative
performance when individuals score high on intrinsic motivation and low on extrinsic motivation
(Liang & Chang, 2014; Sung & Choi, 2009). Consequently, it is probable that the Aha-

experience is associated with intrinsic motivation (cf., Amabile, 2013).
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General Discussion

The present project aimed to investigate the phenomenology of Aha-experiences through
self-reports from more than 1,800 participants. The following sections will discuss the main
findings of the three papers by considering recent literature on insight and creativity. To achieve
this, the section begins with a brief overview of insight research and, in so doing, outlining the

contribution of the current project to the research field.
Research on Insight

Insight was first studied scientifically by gestalt psychologists (Gilhooly & Webb, 2018;
Klein & Jarosz, 2011; Sternberg & Davidson, 1995). Initially, the purpose was to develop tasks
intended to overcome functional fixedness, that is, situations where common notions of how to
use a method or tool prevents novel and innovative ways needed to solve a problem (Duncker,
1945; Duncker & Krechevsky, 1939; Ollinger & Knoblich, 2009). Cognitive restructuring is a
contended concept in research on insight, and implies a fundamental change in perception or
understanding of a problem that may reveal the pathway to the solution of the problem (Pretz,
Naples, & Sternberg, 2003). According to Gestalt theory, insights are the product of special
processes, meaning nonmonotonic problem solving through representational change (Danek,
2018, p. 54). Later, in the early 1980s, critics of Gestalt theory argued that while insights may be
subjectively different from analytical problem solving, the underlying cognitive processes do not
depend on mental restructuring and that there is nothing special about sudden insights (Bowden
& Grunewald, 2018). From the business as usual perspective, insights are the product of
conscious and analytic processes similar to any problem solving (Chronicle, MacGregor, &
Ormerod, 2004; Gilhooly & Webb, 2018). Based on the two understandings, insights are either
regarded as a separate cognitive phenomenon or a subjectively different experience rooted in the
same processes as analytical problem solving (Bowden & Grunewald, 2018). Consequently, to
date there exists no single definition of insight but rather three different ways of approaching the
topic: (1) processes (2) task and (3) and phenomenological perspectives of insight (Webb, Little,
& Cropper, 2018). First, concerning the debate of representational change, process-based
approaches to insight wish to study the processes underlying problem solving. Second, task-
based approaches wish to develop or identify tasks indented to elicit insights, generally through

assumed representational change. The two approaches were the predominant methods of
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studying insight. However, as stated in the introduction, sudden insights may have different
phenomenological consequences from analytical problem solving. The latter perspective, the
focus of the present project, is a more recent contribution to psychology and many researchers
advocate that the phenomenology dimension is crucial to further the research on insight (e.g.,
Bowden & Grunewald, 2018; Danek, 2018). Similarly, we argue that though self-reports and
introspection have limited value in understanding the underlying cognitive processes of insight
(Jakel & Schreiber, 2013), such reports are essential in understanding the subjective Aha-

experience.
Fluency Truth Beauty

The main merit of Paper I is the development of an integrative model encompassing the
phenomenology of Aha-experiences. Increase of experienced ease of ongoing mental processes,
positive affect and subjective certainty from before to during the Aha-experience were highly
correlated, and the three facets are likely integrative parts of principal metacognitive feelings.
Metacognitive feelings includes subjective experiences or feelings that arise when a mental
operation is performed (Reber & Greifeneder, 2017). Indeed, Aha-experiences are associated
with ease, beauty and truth because they have a common underlying mechanism (Reber, 2018).
As seen from Figure 9, we describe the general Aha-experience as an increase in intrinsic
motivation caused by a sudden insight mediated by metacognitive feelings and sense of agency.
Congruent with recent research, sudden insights generally increase metacognitive feelings,
including a subjective certainty that the insight is true (Hedne et al., 2016; Kizilirmak et al.,
2019; Loesche et al., 2018; Steele, Johnson, & Medeiros, 2018). The study complements
previous studies indicating that sudden insight (Danek, Fraps, von Miiller, Grothe, & Ollinger,
2014a; Ohlsson, 1984) and positive affect (Isen & Reeve, 2005) generally foster intrinsic
motivation. Furthermore, metacognitive feelings mediated the effect of sudden insight on sense
of agency, indicating that an increase of metacognitive feelings is associated with an increase in
subjective control of thought. Similar to studies linking fluency of action to judgments of control
(Chambon et al., 2014; Haggard & Chambon, 2012), the results are in line with Olson et al.
(2016), suggesting that metacognitive feelings related to fluency correlates with sense of agency
for thought. In other words, individuals experience more control of their thoughts when their

ideas and mental constructs are fluent.
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Figure 9. The phenomenology of Aha-experiences.

Thus, Paper I supports both the integrative fluency account by Topolinski and Reber (2010a) and
Liljedahl’s qualitative study (2004) that suggested that Aha-experiences may have transformative
effect on an individual’s beliefs and attitudes within the domain of the Aha-experience. Still,
studies have shown that activating affective states (e.g., angry, fearful, happy, elated), compared
to deactivating affective states (e.g., sad, depressed, relaxed, serene), lead to more creative
fluency (De Dreu, Baas, & Nijstad, 2008; Subramaniam, Kounios, Parrish, & Jung-Beeman,
2009; Yeh, Lai, Lin, Lin, & Sun, 2015; Zenasni & Lubart, 2008; see Baas, De Dreu, & Nijstad,
2008 for a meta-analysis). Consequently, it is plausible that a shift in positive affect rather than
the sudden insight itself precedes the observed positive correlation between changes in
metacognitive feelings and sudden insight from before to during the Aha-experience. In other
words, positive changes in activating affective states may influence the way one approaches a

problem, thereby finding novel solutions and thus increasing fluency and subjective certainty
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that leads up to a sudden insight. However, as argued by Shen et al. (2015), the Aha-experience
is likely a combination of cognitive suddenness and its affective component (e.g., happiness).
Moreover, results from Paper I are consistent with prior evidence suggesting that fluency is
marked hedonically (Duke, Fiacconi, & Kohler, 2014; Reber et al., 2004; Winkielman et al.,
2003) and epistemically (Reber & Unkelbach, 2010). Recently, we conducted an experiment to
test results found in Paper I. We asked participants to solve matchstick arithmetic tasks, an
insight task, and Piagets water level tasks, a non -insight spatial ability task (Skaar & Reber,
2019). Results indicated that not only did participants use different strategies in solving the tasks;
the two tasks also differed in the ability to evoke affective responses. Whereas insight tasks were
solved using a combination of step-by-step strategies and sudden insight, trial-and-error and
step-by-step strategies were used to solve non-insight spatial ability tasks. Furthermore, when
comparing solving insight and non-insight tasks, the former to greater extent elicited motivation
and coping. The results are in line with Weisberg’s (2018) proposal that that insights are the
product of gradual development and deliberate analysis of a problem that leads up to
restructuring and sudden insight. Thus, the product of both special and business as usual

processes.
The Role of Social Context

Derived from social role theory (Eagly, 1987), we theorized in Paper II that social context
would play a different role for men and women. We observed that roughly half of participants in
the study were alone or that others present were not relevant for the Aha-experience, whereas the
remaining reported being together with someone who influenced the experience. However, the
results were highly dependent on the questionnaire, and participants from the General sample
were more frequently alone, while participants from the School sample were predominately
interacting with someone prior to the Aha-experience. Furthermore, regardless of questionnaire
and targeted population, the main results showed that men, compared with women, were more
often alone prior to the Aha-experience. Conversely, women were more often together with
someone who contributed to the Aha-experience. Importantly, the gender differences were only
credible for Aha-experiences within STEM and personal domains that increased situational
interest. The overall results of Paper II (see also Extended Results section) are largely consistent

with previous findings that women find more interest from cooperation than men (Atkins &
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Rohrbeck, 1993; Fennema & Peterson, 1986; Hinze & Berger, 2007; T. J. Smith, McKenna, &
Hines, 2014).

However, a limitation of the study is that the social context and activity measures do not
include information on gender composition or group-size of those reporting being together with
someone that contributed to the Aha-experience, which may affect group performance (Adams &
Ferreira, 2009; Williams & Polman, 2015). Kennedy (2003) found that women were more
motivated by cooperation and aimed for universalistic solutions, whereas men were more
motivated by self-interest and choose more competitive solutions. A recent study by Keck and
Tang (2018) examined confidence judgments and found that members of all-male groups were
least willing to cooperate and shared less information in group discussions. Overall, all-male
groups differed little from individual male approaches. These studies are in line with social role
theory (Eagly, 1987) described in the introduction, and it is plausible that gender compositions in
the social context may affect the Aha-experience and Aha-frequencies. Nonetheless, it is crucial
to keep in mind that the results found in Paper II may stem from participants’ stereotypical view

of social interaction rather than actual behavior (cf., Mills, 2003).
Openness to Aha-experiences

In Paper 111, we examined the relationship between creativity and Aha-experiences, with
Openness believed to interlink the two. We argued that non-sensory feelings at the fringe of
consciousness, namely metacognitive feelings, mediate memory retrieval of the specific Aha-
experience (Mangan, 2001; Norman, 2002). Thus, we hypothesized that since Openness relates
to creativity (S. B. Kaufman & Gregoire, 2015), fringe feelings (R. A. Baer et al., 2006; Norman
et al., 2006) and to Aha-experiences (Ovington, 2016), participants scoring higher on Openness
would more frequently report and describe Aha-experiences. Similarly, we assumed that
Openness would positively correlate with Aha-frequencies. Results from Paper III supported the
two assumptions, and further strengthened the existing evidence linking Openness to creativity
and Aha-experiences.

However, we were also interested in examining whether the relationship between
Openness and Aha-frequencies were equivalent in newer and older Aha-experiences. Since
Openness is linked with motivational processes associated with exploring novel and complex

information (DeYoung, 2013; DeYoung et al., 2005), it is reasonable to assume that individuals
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scoring high on Openness would have more frequent Aha-experiences due to the incentive
reward from such experiences. Correspondingly, there is a question of whether the effect of
incentive reward is reduced if not nourished, and this assumption invites the recurring debate
over nature versus nurture. Thus, whether the relationship between Openness and Aha-
experiences is considered fixed and connected with creative abilities or malleable and connected
with creative achievements through Aha-experiences (O’Connor, Nemeth, & Akutsu, 2013;
Zhang, 2015).

Creativity researchers generally use the term fixed and growth mindset when referring to
(self-) beliefs concerning the malleable nature of creativity (Hass, Reiter-Palmon, & Katz-
Buonincontro, 2017; Intasao & Hao, 2018). Individuals can endorse both mindsets, usually by
attributing Big-C creativity to innate, fixed ability, whereas everyday creativity can be developed
as any other type of skill (Karwowski, 2014). Paper III provides preliminary evidence for the
latter. The results indicate that mini-c are shaped by creative achievements, and that individuals
who score high on Openness have more frequent Aha-experiences if a growth mindset is
sustained.

This study has several limitations (cf., Paper III). As both studies relied on retrospective
self-reports, it is conceivable that the results reflect self-beliefs rather than actual behavior (cf.,
Beaulieu-Prévost & Zadra, 2007). Similarly, as the study does not encompass experimental or
longitudinal data, it is not possible to ascertain at what point the relationship between Openness
and Aha-frequencies decreases. There is likely a threshold when the effects of incentive reward
no longer influences, that is, increases or decreases the strength of the relationship. However,
despite the limitations, we can, based on inference by exclusion, conclude that results
of Paper III support the creative achievement assumptions as the data excludes the possibility of
a stable relationship between Openness and Aha-frequencies, which is necessary for the creative

aptitude assumption to be true.
Concluding Remarks

The present project contributes to our understanding of the phenomenology of the Aha-
experience and the three studies demonstrate that Aha-experiences occur in many different
contexts and within multifaceted domains. Moreover, the thesis provides evidence strengthening

the assumption that Aha-experiences are associated with creativity and that individual traits like
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Openness may facilitate Aha-experiences. A common denominator of the Aha-experiences is a
change in metacognitive feelings associated with fluency, positive affect and subjective certainty,
where these metacognitive feelings are determinative for the motivational outcome of the Aha-
experience. Participants generally report positive Aha-experiences that lead to positive changes

in motivation and coping, regardless of the domain in which the Aha-experience occurred.

Future directions. A direct and continuous path for future investigations is to add items
measuring the strength of Aha-experiences to the existing questionnaires, thereby enriching the
diverse Aha-experiences gathered in this project. However, as we have examined three different,
albeit intermingled facets of the Aha-experience: situational factors, phenomenology and the
relationship between Aha-frequencies and personality, the studies provide several routes for
further enquiry.

First, Paper I provides an initial model of the phenomenology of Aha-experiences,
underlining the significance of metacognitive feelings. Yet, experiments may offer information in
controlled settings that our surveys could not, as we have recently demonstrated (Skaar & Reber,
2019). For instance, though researchers have examined the relationship between sudden insight
and mechanisms related to working memory capacity (e.g., Chuderski & Jastrzebski, 2018), the
relationship between these mechanisms and phenomenology are unknown. Thus, from a
cognitive psychology perspective it may be fruitful to establish experimental paradigms to
examine the integrative fluency account.

Second, in Paper Il we found that social context might play a different role for women
than for men, as women were more often with someone that contributed to the Aha-experience.
The educational implications of Paper II suggest that women benefit more from cooperative
learning environments than men do. Consequently, given that much of STEM education consists
of solitary activities, women do not optimally benefit from STEM instruction in terms of
affective consequences. Social and educational psychologists may be interested to explore the
relationship between gender and social context in light of group-sizes and gender compositions
of groups. Furthermore, it may be fruitful to examine the relationship between sudden insight
and intrinsic versus extrinsic motivation.

Third, Paper 111 found preliminary evidence linking Openness to Aha-frequencies, yet,
the relationship seemed dependent on the elapsed time since the last memorable Aha-experience.

From a cognitive neuroscience perspective, a possible direction for future studies is to examine
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the function of the dopaminergic reward system in regard to Aha-frequencies, thus providing a
better understanding of the creative achievement versus creative aptitude hypothesis.

Finally, there are topics not covered in the project. From a lifespan developmental
perspective, it is interesting to examine at what age children might start to have Aha-experiences
and whether Aha-frequency declines in old age. Furthermore, there are clinical conditions that
may affect Aha-experiences, do depressive, autistic or Alzheimer patients have Aha-experiences?

Arguably, the study of Aha-experiences is interesting from any psychological perspective.

Final thoughts. After more than four years studying the Aha-experience, my thoughts
reflect Keats’ poem the “Ode on a Grecian Urn” and Poincaré’s description of the inventive and
creative mathematician, and I believe the Aha-experience could simply be described as the
abrupt beauty of truth. “Beauty is truth, truth beauty ,—that is all / Ye know on earth, and all ye
need to know” (Keats, 1884, p. 236).

56



References

Ackerman, R., & Zalmanov, H. (2012). The persistence of the fluency—confidence association in
problem solving. Psychonomic Bulletin & Review, 19(6), 1187—-1192.
https://doi.org/10.3758/s13423-012-0305-z

Adams, R. B., & Ferreira, D. (2009). Women in the boardroom and their impact on governance
and performance. Journal of Financial Economics, 94(2), 291-3009.
https://doi.org/10.1016/j.jfineco.2008.10.007

Alter, A. L., & Oppenheimer, D. M. (2009). Uniting the Tribes of Fluency to Form a
Metacognitive Nation. Personality and Social Psychology Review, 13(3), 219-235.
https://doi.org/10.1177/1088868309341564

Amabile, T. M. (1982). Social psychology of creativity: A consensual assessment technique.
Journal of Personality and Social Psychology, 43(5), 997-1013.
https://doi.org/10.1037/0022-3514.43.5.997

Amabile, T. M. (1983). The social psychology of creativity: A componential conceptualization.
Journal of Personality and Social Psychology, 45(2), 357-376.
https://doi.org/10.1037/0022-3514.45.2.357

Amabile, T. M. (2013). Componential Theory of Creativity. In E. H. Kessler (Ed.), Encyclopedia
of Management Theory (pp. 134—139). Los Angeles: Sage reference. /z-wcorg/.

Amabile, T. M., & Mueller, J. S. (2008). Studying creativity, its processes, and its antecedents:
An exploration of the componential theory of creativity. In J. Zhou, C. E. Shalley, J.
Zhou, & C. E. Shalley (Eds.), Handbook of Organizational Creativity (pp. 33—64). New
York.

Amabile, T. M., & Pillemer, J. (2012). Perspectives on the social psychology of creativity. The
Journal of Creative Behavior, 46(1), 3—15. https://doi.org/10.1002/jocb.001

Ash, I. K., Cushen, P. J., & Wiley, J. (2009). Obstacles in Investigating the Role of Restructuring
in Insightful Problem Solving. The Journal of Problem Solving, 2(2).
https://doi.org/10.7771/1932-6246.1056

Atkins, M., & Rohrbeck, C. A. (1993). Gender effects in self-management training: Individual
versus cooperative interventions. Psychology in the Schools, 30(4), 362—-368.
https://doi.org/10.1002/1520-6807(199310)30:4<362:: AID-PITS2310300411>3.0.CO;2-

Q
57



Baas, M., De Dreu, C. K. W., & Nijstad, B. A. (2008). A meta-analysis of 25 years of mood-
creativity research: Hedonic tone, activation, or regulatory focus? Psychological Bulletin,
134(6), 779-806. https://doi.org/10.1037/a0012815

Baer, J., Kaufman, J. C., & Gentile, C. A. (2004). Extension of the Consensual Assessment
Technique to Nonparallel Creative Products. Creativity Research Journal, 16(1), 113—
117. https://doi.org/10.1207/s15326934crj1601 11

Baer, R. A., Smith, G. T., Hopkins, J., Krietemeyer, J., & Toney, L. (2006). Using Self-Report
Assessment Methods to Explore Facets of Mindfulness. Assessment, 13(1), 27-45.
https://doi.org/10.1177/1073191105283504

Banjong, D. N. (2014). Same Performance but Different Perception: Female Stereotypes in
Mathematics Emerge in Fifth Grade. International Online Journal of Educational
Sciences. https://doi.org/10.15345/i0jes.2014.02.001

Beaty, R. E., Benedek, M., Kaufman, S. B., & Silvia, P. J. (2015). Default and Executive
Network Coupling Supports Creative Idea Production. Scientific Reports, 5(1).
https://doi.org/10.1038/srep10964

Beaty, R. E., Chen, Q., Christensen, A. P., Qiu, J., Silvia, P. J., & Schacter, D. L. (2018). Brain
networks of the imaginative mind: Dynamic functional connectivity of default and
cognitive control networks relates to openness to experience. Human Brain Mapping,
39(2), 811-821. https://doi.org/10.1002/hbm.23884

Beaty, R. E., Seli, P., & Schacter, D. L. (2019). Network neuroscience of creative cognition:
mapping cognitive mechanisms and individual differences in the creative brain. Current
Opinion in Behavioral Sciences, 27, 22-30. https://doi.org/10.1016/j.cobeha.2018.08.013

Beaulieu-Prévost, D., & Zadra, A. (2007). Absorption, psychological boundaries and attitude
towards dreams as correlates of dream recall: two decades of research seen through a
meta-analysis. Journal of Sleep Research, 16(1), 51-59. https://doi.org/10.1111/1.1365-
2869.2007.00572.x

Beerli, P. (2006). Comparison of Bayesian and maximum-likelihood inference of population
genetic parameters. Bioinformatics, 22(3), 341-345.
https://doi.org/10.1093/bioinformatics/bti803

58



Begg, I. M., Anas, A., & Farinacci, S. (1992). Dissociation of processes in belief: Source
recollection, statement familiarity, and the illusion of truth. Journal of Experimental
Psychology: General, 121(4), 446—458. https://doi.org/10.1037/0096-3445.121.4.446

Beghetto, R. A., & Kaufman, J. C. (2007). Toward a broader conception of creativity: A case for
“mini-c” creativity. Psychology of Aesthetics, Creativity, and the Arts, 1(2), 73-79.
https://doi.org/10.1037/1931-3896.1.2.73

Berger, J. (2006). The Case for Objective Bayesian Analysis. Bayesian Analysis, 1, 385—402.
https://doi.org/10.1214/06-BA115

Bian, L., Leslie, S.-J., & Cimpian, A. (2017). Gender stereotypes about intellectual ability
emerge early and influence children’s interests. Science, 355(6323), 389-391.
https://doi.org/10.1126/science.aah6524

Boaler, J. (2002). Paying the Price for “Sugar and Spice”: Shifting the Analytical Lens in Equity
Research. Mathematical Thinking and Learning, 4(2-3), 127-144.
https://doi.org/10.1207/S15327833MTL04023 3

Boaler, J. (2008). Promoting ‘relational equity’ and high mathematics achievement through an
innovative mixed-ability approach. British Educational Research Journal, 34(2), 167—
194. https://doi.org/10.1080/01411920701532145

Boaler, J. (2016). Mathematical mindsets: unleashing students’ potential through creative math,
inspiring messages and innovative teaching. San Francisco, CA. /z-wcorg/.

Booth, A., Granger, D. A., Mazur, A., & Kivlighan, K. T. (2006). Testosterone and Social
Behavior. Social Forces, 85(1), 167—191. https://doi.org/10.1353/s0f.2006.0116

Bornstein, R. F., & D’Agostino, P. R. (1992). Stimulus recognition and the mere exposure effect.
Journal of Personality and Social Psychology, 63(4), 545-552.
https://doi.org/10.1037/0022-3514.63.4.545

Bornstein, R. F., & D’Agostino, P. R. (1994). The Attribution and Discounting of Perceptual
Fluency: Preliminary Tests of a Perceptual Fluency/Attributional Model of the Mere
Exposure Effect. Social Cognition, 12(2), 103—128.
https://doi.org/10.1521/s0c0.1994.12.2.103

Bowden, E. M. (1997). The Effect of Reportable and Unreportable Hints on Anagram Solution
and the Aha! Experience. Consciousness and Cognition, 6(4), 545-573.
https://doi.org/10.1006/ccog.1997.0325

59



Bowden, E. M., & Grunewald, K. (2018). Whose insight is it anyway? In F. Vallée-Tourangeau
(Ed.), Insight: On the Origins of New Ideas (1st ed., pp. 28-50).
https://doi.org/10.4324/9781315268118

Bowden, E. M., & Jung-Beeman, M. (2003). Normative data for 144 compound remote associate
problems. Behavior Research Methods, Instruments, & Computers, 35(4), 634—639.
https://doi.org/10.3758/BF03195543

Bowers, K. S., Farvolden, P., & Mermigis, L. (1995). Intuitive antecedents of insight. In T. M.
Smith, T. B. Ward, & R. A. Finke (Eds.), The creative cognition approach (pp. 27-51).
Cambridge: MIT Press.

Brenner, P. S., & DeLamater, J. (2016). Lies, Damned Lies, and Survey Self-Reports? Identity as
a Cause of Measurement Bias. Social Psychology Quarterly, 79(4), 333-354.
https://doi.org/10.1177/0190272516628298

Bridges, D., & Schendan, H. E. (2018). The sensitive, open creator. Personality and Individual
Differences. https://doi.org/10.1016/j.paid.2018.09.016

Brooks, S. P., & Gelman, A. (1998). General Methods for Monitoring Convergence of Iterative
Simulations. Journal of Computational and Graphical Statistics, 7(4), 434—455.
https://doi.org/10.1080/10618600.1998.10474787

Biihler, K. (1907). Tatsachen und Probleme zu einer Psychologie der Denkvorginge: I, Uber
Gedanken [Facts and problems for a psychology of the thought processes. I. On
thoughts]. Arch. f- d. Psych, 9(4), 297-365.

Buser, T., Niederle, M., & Oosterbeek, H. (2014). Gender, Competitiveness, and Career Choices.
The Quarterly Journal of Economics, 129(3), 1409-1447.
https://doi.org/10.1093/qje/qju009

Campbell, A. (2008). Attachment, aggression and affiliation: The role of oxytocin in female
social behavior. Biological Psychology, 77(1), 1-10.
https://doi.org/10.1016/j.biopsycho.2007.09.001

Carson, S. H., Peterson, J. B., & Higgins, D. M. (2005). Reliability, Validity, and Factor Structure
of the Creative Achievement Questionnaire. Creativity Research Journal, 17(1), 37-50.
https://doi.org/10.1207/s15326934c¢rj1701 4

Caspar, M. (1993). Kepler (C. D. Hellman, Trans.). New York: Dover Publications, Inc.

60



Cela-Conde, C. J., Garcia-Prieto, J., Ramasco, J. J., Mirasso, C. R., Bajo, R., Munar, E., ...
Maestu, F. (2013). Dynamics of brain networks in the aesthetic appreciation. Proceedings
of the National Academy of Sciences, 110(Supplement 2), 10454—-10461.
https://doi.org/10.1073/pnas.1302855110

Chambon, V., Sidarus, N., & Haggard, P. (2014). From action intentions to action effects: how
does the sense of agency come about? Frontiers in Human Neuroscience, 8.
https://doi.org/10.3389/fnhum.2014.00320

Charness, G., & Rustichini, A. (2011). Gender differences in cooperation with group
membership. Games and Economic Behavior, 72(1), 77-85.
https://doi.org/10.1016/j.geb.2010.07.006

Chronicle, E. P., MacGregor, J. N., & Ormerod, T. C. (2004). What Makes an Insight Problem?
The Roles of Heuristics, Goal Conception, and Solution Recoding in Knowledge-Lean
Problems. Journal of Experimental Psychology: Learning, Memory, and Cognition,
30(1), 14-27. https://doi.org/10.1037/0278-7393.30.1.14

Chuderski, A., & Jastrzebski, J. (2018). Much ado about aha!: Insight problem solving is strongly
related to working memory capacity and reasoning ability. Journal of Experimental
Psychology: General, 147(2), 257-281. https://doi.org/10.1037/xge0000378

Cimpian, J. R., Lubienski, S. T., Timmer, J. D., Makowski, M. B., & Miller, E. K. (2016). Have
Gender Gaps in Math Closed? Achievement, Teacher Perceptions, and Learning
Behaviors Across Two ECLS-K Cohorts. AERA Open, 2(4), 233285841667361.
https://doi.org/10.1177/2332858416673617

Cohen, J. (1994). The earth is round (p < .05). American Psychologist, 49(12), 997-1003.
https://doi.org/10.1037/0003-066X.49.12.997

Cosmelli, D. J., & Preiss, D. D. (2014). On the Temporality of Creative Insight: a Psychological
and Phenomenological Perspective. Frontiers in Psychology, 5.
https://doi.org/10.3389/fpsyg.2014.01184

Cotton, C., Mclntyre, F., & Price, J. (2013). Gender differences in repeated competition:
Evidence from school math contests. Journal of Economic Behavior & Organization, 86,

52-66. https://doi.org/10.1016/j.jebo.2012.12.029

61



Csikszentmihalyi, M. (1988). Society, culture, and person: A systems view of creativity. In R. J.
Sternberg (Ed.), The nature of creativity: Contemporary psychological perspectives (pp.
325-339). New York: Cambridge University Press.

Csikszentmihalyi, M. (1996). Creativity: Flow and the psychology of discovery and invention.
New York: HarperCollins.

Csikszentmihalyi, M. (2014). The Systems Model of Creativity: the Collected Works of Mihaly
Csikszentmihalyi. New York: Springer.

Dahl, Roald. (1984). Boy: Tales of Childhood. New York: Puftfin.

Danek, A. H. (2018). Magic tricks, sudden restructuring and the Aha! experience: A new model
of non-monotonic problem solving. In F. Vallée-Tourangeau (Ed.), Insight: On the
Origins of New Ideas (1st ed., pp. 51-78). https://doi.org/10.4324/9781315268118

Danek, A. H., Fraps, T., von Miiller, A., Grothe, B., & Ollinger, M. (2013). Aha! experiences
leave a mark: facilitated recall of insight solutions. Psychological Research, 77(5), 659—
669. https://doi.org/10.1007/s00426-012-0454-8

Danek, A. H., Fraps, T., von Miiller, A., Grothe, B., & Ollinger, M. (2014a). It’s a kind of
magic—what self-reports can reveal about the phenomenology of insight problem
solving. Frontiers in Psychology, 5, 1408. https://doi.org/10.3389/fpsyg.2014.01408

Danek, A. H., Fraps, T., von Miiller, A., Grothe, B., & Ollinger, M. (2014b). Working Wonders?
Investigating insight with magic tricks. Cognition, 130(2), 174-185.
https://doi.org/10.1016/j.cognition.2013.11.003

Danek, A. H., & Wiley, J. (2017). What about False Insights? Deconstructing the Aha!
Experience along Its Multiple Dimensions for Correct and Incorrect Solutions Separately.
Frontiers in Psychology, 7. https://doi.org/10.3389/fpsyg.2016.02077

Dang, L. C., Donde, A., Madison, C., O’Neil, J. P, & Jagust, W. J. (2012). Striatal Dopamine
Influences the Default Mode Network to Affect Shifting between Object Features.
Journal of Cognitive Neuroscience, 24(9), 1960-1970.
https://doi.org/10.1162/jocn_a 00252

Davidson, J. E. (2003). Insights about insightful problem solving. In J. E. Davidson & R. J.
Sternberg (Eds.), The psychology of problem solving (pp. 149—175). Cambridge, UK;

New York: Cambridge University Press. /z-wcorg/.

62



De Dreu, C. K. W., Baas, M., & Nijstad, B. A. (2008). Hedonic tone and activation level in the
mood-creativity link: Toward a dual pathway to creativity model. Journal of Personality
and Social Psychology, 94(5), 739-756. https://doi.org/10.1037/0022-3514.94.5.739

Dechéne, A., Stahl, C., Hansen, J., & Winke, M. (2010). The Truth About the Truth: A Meta-
Analytic Review of the Truth Effect. Personality and Social Psychology Review, 14(2),
238-257. https://doi.org/10.1177/1088868309352251

DeYoung, C. G. (2013). The neuromodulator of exploration: A unifying theory of the role of
dopamine in personality. Frontiers in Human Neuroscience, 7.
https://doi.org/10.3389/fnhum.2013.00762

DeYoung, C. G., Peterson, J. B., & Higgins, D. M. (2005). Sources of Openness/Intellect:
Cognitive and Neuropsychological Correlates of the Fifth Factor of Personality. Journal
of Personality, 73(4), 825-858. https://doi.org/10.1111/j.1467-6494.2005.00330.x

Dietrich, A., & Kanso, R. (2010). A review of EEG, ERP, and neuroimaging studies of creativity
and insight. Psychological Bulletin, 136(5), 822—848. https://doi.org/10.1037/a0019749

Duke, D., Fiacconi, C. M., & Kohler, S. (2014). Parallel effects of processing fluency and
positive affect on familiarity-based recognition decisions for faces. Frontiers in
Psychology, 5. https://doi.org/10.3389/fpsyg.2014.00328

Duncker, K. (1945). On problem-solving. (L. S. Lees, Trans.). Psychological Monographs,
58(5), i—113. https://doi.org/10.1037/h0093599

Duncker, K., & Krechevsky, I. (1939). On solution-achievement. Psychological Review, 46(2),
176—185. https://doi.org/10.1037/h0060101

Eagly, A. H. (1987). Sex Differences in Social Behavior: a Social-role interpretation. Retrieved
from http://www.123library.org/book details/?1d=107505

Eagly, A. H., Karau, S. J., & Makhijani, M. G. (1995). Gender and the effectiveness of leaders: A
meta-analysis. Psychological Bulletin, 117(1), 125—145. https://doi.org/10.1037/0033-
2909.117.1.125

Eagly, A. H., Makhijani, M. G., & Klonsky, B. G. (1992). Gender and the evaluation of leaders:
A meta-analysis. Psychological Bulletin, 111(1), 3-22. https://doi.org/10.1037/0033-
2909.111.1.3

63



Eagly, A. H., & Steffen, V. J. (1984). Gender stereotypes stem from the distribution of women
and men into social roles. Journal of Personality and Social Psychology, 46(4), 735-754.
https://doi.org/10.1037/0022-3514.46.4.735

Eagly, A. H., & Wood, W. (1999). The origins of sex differences in human behavior: Evolved
dispositions versus social roles. American Psychologist, 54(6), 408—423.
https://doi.org/10.1037/0003-066X.54.6.408

Eagly, A. H., & Wood, W. (2012). Social Role Theory. In P. Van Lange, A. Kruglanski, & E.
Higgins, Handbook of Theories of Social Psychology (pp. 458-476).
https://doi.org/10.4135/9781446249222 .n49

Eagly, A. H., & Wood, W. (2013). The Nature—Nurture Debates: 25 Years of Challenges in
Understanding the Psychology of Gender. Perspectives on Psychological Science, 8(3),
340-357. https://doi.org/10.1177/1745691613484767

Eagly, A. H., & Wood, W. (2016). Social Role Theory of Sex Differences. In N. A. Naples, R. C.
Hoogland, M. Wickramasinghe, W. C. A. Wong, N. A. Naples, R. C. Hoogland, ... W. C.
A. Wong (Eds.), The Wiley Blackwell Encyclopedia of Gender and Sexuality Studies (pp.
1-3). Retrieved from http://doi.wiley.com/10.1002/9781118663219.wbegss183

Eagly, A. H., Wood, W., & Diekman, A. B. (2000). Social role theory of sex differences and
similarities: A current appraisal. In T. Eckes & H. M. Trautner (Eds.), The developmental
social psychology of gender (pp. 123—174). Mahwah, New Jersey: Erlbaum.

Easterly, D. M., & Ricard, C. S. (2011). Conscious Efforts to End Unconscious Bias: Why
Women Leave Academic Research. JOURNAL OF RESEARCH ADMINISTRATION,
42(1), 61-73. Retrieved from /z-wcorg/.

Evermann, J., & Tate, M. (2014). Bayesian structural equation models for cumulative theory
building in information systems-A brief tutorial using BUGS and R. Communications of
the Association for Information Systems, 34, 1481-1514.

Fan, X., Miller, B. C., Park, K.-E., Winward, B. W., Christensen, M., Grotevant, H. D., & Tai, R.
H. (2006). An Exploratory Study about Inaccuracy and Invalidity in Adolescent Self-
Report Surveys. Field Methods, 18(3), 223-244.
https://doi.org/10.1177/152822X06289161

64



Feng, J., Spence, 1., & Pratt, J. (2007). Playing an Action Video Game Reduces Gender
Differences in Spatial Cognition. Psychological Science, 18(10), 850-855.
https://doi.org/10.1111/j.1467-9280.2007.01990.x

Fennema, E., & Peterson, P. L. (1986). Teacher-student interactions and sex-related differences
in learning mathematics. Teaching and Teacher Education, 2(1), 19-42.
https://doi.org/10.1016/0742-051X(86)90003-X

Finke, R. A., Ward, T. B., & Smith, T. M. (1992). Creative cognition: Theory, research, and
applications. California: MIT Press.

Fischer, S. (2017). The downside of good peers: How classroom composition differentially
affects men’s and women’s STEM persistence. Labour Economics, 46, 211-226.
https://doi.org/10.1016/j.1abeco.2017.02.003

Flory, J., Leibbrandt, A., & List, J. (2010). Do Competitive Work Places Deter Female Workers?
A Large-Scale Natural Field Experiment on Gender Differences in Job-Entry Decisions
(No. w16546). Retrieved from http://www.nber.org/papers/w16546.pdf

Fraley, R. C., & Marks, M. J. (2007). The null hypothesis significance testing debate and its
implications for personality research. In R. W. Robins & R. C. Fraley (Eds.), Handbook
of research methods in personality psychology (pp. 149-169). New York, NY: Guilford
Press.

Friedlander, K. J., & Fine, P. A. (2018). “The Penny Drops”: Investigating Insight Through the
Medium of Cryptic Crosswords. Frontiers in Psychology, 9.
https://doi.org/10.3389/fpsyg.2018.00904

Friedman, R. S., & Forster, J. (2005). Effects of Motivational Cues on Perceptual Asymmetry:
Implications for Creativity and Analytical Problem Solving. Journal of Personality and
Social Psychology, 88(2), 263-275. https://doi.org/10.1037/0022-3514.88.2.263

Furnham, A., & Henderson, M. (1982). The good, the bad and the mad: Response bias in self-
report measures. Personality and Individual Differences, 3(3), 311-320.
https://doi.org/10.1016/0191-8869(82)90051-4

Galdi, S., Cadinu, M., & Tomasetto, C. (2014). The Roots of Stereotype Threat: When Automatic
Associations Disrupt Girls’ Math Performance. Child Development, 8§5(1), 250-263.
https://doi.org/10.1111/cdev.12128

65



Geary, D. C. (2010). Male, female: the evolution of human sex differences (2nd ed.). Washington,
DC. /z-wcorg/.

Gelman, A. (2008). Objections to Bayesian statistics. Bayesian Analysis, 3(3), 445-449.
https://doi.org/10.1214/08-BA318

Gelman, A., Carlin, J. B., Stern, H. S., Dunson, D. B., Vehtari, A., & Rubin, D. B. (2013).
Bayesian Data Analysis (3rd ed.). New York, New York: CRC Press: Chapman & Hall.

Gelman, A., & Hill, J. (2006). Data Analysis Using Regression and Multilevel/Hierarchical
Models. https://doi.org/10.1017/CB0O9780511790942

Gelman, A., Hill, J., & Yajima, M. (2012). Why We (Usually) Don’t Have to Worry About
Multiple Comparisons. Journal of Research on Educational Effectiveness, 5(2), 189-211.
https://doi.org/10.1080/19345747.2011.618213

Gelman, A., & Rubin, D. B. (1992). Inference from Iterative Simulation Using Multiple
Sequences. Statistical Science, 7(4), 457—472. https://doi.org/10.1214/ss/1177011136

Gelman, A., & Shalizi, C. R. (2013). Philosophy and the practice of Bayesian statistics. British
Journal of Mathematical and Statistical Psychology, 66(1), 8-38.
https://doi.org/10.1111/5.2044-8317.2011.02037.x

Gianettoni, L., & Guilley, E. (2016). Sexism and the gendering of professional aspirations. In K.
Faniko, F. Lorenzi-Cioldi, O. Sarrasin, & E. Mayor (Eds.), Gender and social
hierarchies: perspectives from social psychology. London, United Kingdom: Routledge.

Gick, M. L., & Lockhart, R. S. (1995). Cognitive and affective components of insight. In R. J.
Sternberg & J. E. Davidson (Eds.), The nature of insight (pp. 197-228). Cambridge: MIT
Press.

Gilhooly, K. J. (2016). Incubation and Intuition in Creative Problem Solving. Frontiers in
Psychology, 7. https://doi.org/10.3389/fpsyg.2016.01076

Gilhooly, K. J., & Murphy, P. (2005). Differentiating insight from non-insight problems.
Thinking & Reasoning, 11(3), 279-302. https://doi.org/10.1080/13546780442000187

Gilhooly, K. J., & Webb, M. E. (2018). Working memory in insight problem solving. In F.
Vallée-Tourangeau (Ed.), Insight: On the Origins of New Ildeas (1st ed., pp. 105-120).
https://doi.org/10.4324/9781315268118

Gilligan, C. (1993). In a different voice: psychological theory and women's development.

Cambridge, Mass.: Harvard University Press. /z-wcorg/.

66



Gneezy, U., Leonard, K. L., & List, J. A. (2009). Gender Differences in Competition: Evidence
From a Matrilineal and a Patriarchal Society. Econometrica, 77(5), 1637-1664.
https://doi.org/10.3982/ECTA6690

Gneezy, U., Niederle, M., & Rustichini, A. (2003). Performance in Competitive Environments:
Gender Differences. The Quarterly Journal of Economics, 118(3), 1049-1074.
https://doi.org/10.1162/00335530360698496

Gruber, H. E. (1995). Insight and affect in the history of science. In R. J. Sternberg & J. E.
Davidson (Eds.), The nature of insight (pp. 397-431). Cambridge: MIT Press.

Gunderson, E. A., Ramirez, G., Levine, S. C., & Beilock, S. L. (2012). The Role of Parents and
Teachers in the Development of Gender-Related Math Attitudes. Sex Roles, 66(3), 153—
166. https://doi.org/10.1007/s11199-011-9996-2

Haggard, P., & Chambon, V. (2012). Sense of agency. Current Biology, 22(10), R390-R392.
https://doi.org/10.1016/j.cub.2012.02.040

Héggstrom, O. (2016). The Need for Nuance in the Null Hypothesis Significance Testing Debate.
Educational and Psychological Measurement.
https://doi.org/10.1177/0013164416668233

Hansen, J., Dechéne, A., & Winke, M. (2008). Discrepant fluency increases subjective truth.
Journal of Experimental Social Psychology, 44(3), 687—-691.
https://doi.org/10.1016/j.jesp.2007.04.005

Hinze, M., & Berger, R. (2007). Cooperative learning, motivational effects, and student
characteristics: An experimental study comparing cooperative learning and direct
instruction in 12th grade physics classes. Learning and Instruction, 17(1), 29-41.
https://doi.org/10.1016/j.learninstruc.2006.11.004

Hartley, B. L., & Sutton, R. M. (2013). A Stereotype Threat Account of Boys’ Academic
Underachievement. Child Development, 84(5), 1716—-1733.
https://doi.org/10.1111/cdev.12079

Hass, R. W., Reiter-Palmon, R., & Katz-Buonincontro, J. (2017). Are Implicit Theories of
Creativity Domain Specific? Evidence and Implications. In The Creative Self (pp. 219—
234). https://doi.org/10.1016/B978-0-12-809790-8.00012-1

67



Hedne, M. R., Norman, E., & Metcalfe, J. (2016). Intuitive Feelings of Warmth and Confidence
in Insight and Noninsight Problem Solving of Magic Tricks. Frontiers in Psychology, 7.
https://doi.org/10.3389/fpsyg.2016.01314

Hennessey, B. A., & Amabile, T. M. (2010). Creativity. Annual Review of Psychology, 61(1),
569-598. https://doi.org/10.1146/annurev.psych.093008.100416

Hennessey, B. A., & Watson, M. W. (2016). The Defragmentation of Creativity: Future
Directions with an Emphasis on Educational Applications. In G. E. Corazza & S. Agnoli
(Eds.), Multidisciplinary Contributions to the Science of Creative Thinking (pp. 21-31).
https://doi.org/10.1007/978-981-287-618-8 2

Hidi, S., & Harackiewicz, J. M. (2000). Motivating the Academically Unmotivated: A Critical
Issue for the 21st Century. Review of Educational Research, 70(2), 151-179.
https://doi.org/10.3102/00346543070002151

Hobert, J. P., & Jones, G. L. (2004). Sufficient burn-in for Gibbs samplers for a hierarchical
random effects model. The Annals of Statistics, 32(2), 784-817.
https://doi.org/10.1214/009053604000000184

Hoekstra, R., Morey, R. D., Rouder, J. N., & Wagenmakers, E.-J. (2014). Robust
misinterpretation of confidence intervals. Psychonomic Bulletin & Review, 21(5), 1157—
1164. https://doi.org/10.3758/s13423-013-0572-3

Hoffman, M., Gneezy, U., & List, J. A. (2011). Nurture affects gender differences in spatial
abilities. Proceedings of the National Academy of Sciences, 108(36), 14786—14788.
https://doi.org/10.1073/pnas. 1015182108

Huguet, P., & Régner, 1. (2007). Stereotype threat among schoolgirls in quasi-ordinary classroom
circumstances. Journal of Educational Psychology, 99(3), 545-560.
https://doi.org/10.1037/0022-0663.99.3.545

Hutchinson, E. D. (2014). The Nature of Insight. Psychiatry: Interpersonal and Biological
Processes, 77(3), 215-229. https://doi.org/10.1521/psyc.2014.77.3.215

Hyde, J. S. (2014). Gender Similarities and Differences. Annual Review of Psychology, 65(1),
373-398. https://doi.org/10.1146/annurev-psych-010213-115057

Hyde, J. S., Lindberg, S. M., Linn, M. C., Ellis, A. B., & Williams, C. C. (2008). Gender
Similarities Characterize Math Performance. Science, 321(5888), 494—495.
https://doi.org/10.1126/science.1160364

68



Intasao, N., & Hao, N. (2018). Beliefs About Creativity Influence Creative Performance: The
Mediation Effects of Flexibility and Positive Affect. Frontiers in Psychology, 9.
https://doi.org/10.3389/fpsyg.2018.01810

Irvine, W. B. (2015). Aha!: The moments of insight that shape our world. New York: Oxford
University Press.

Isen, A. M., & Reeve, J. (2005). The Influence of Positive Affect on Intrinsic and Extrinsic
Motivation: Facilitating Enjoyment of Play, Responsible Work Behavior, and Self-
Control. Motivation and Emotion, 29(4), 295-323. https://doi.org/10.1007/s11031-006-
9019-8

Jacoby, L. L., & Dallas, M. (1981). On the relationship between autobiographical memory and
perceptual learning. Journal of Experimental Psychology: General, 110(3), 306-340.
https://doi.org/10.1037/0096-3445.110.3.306

Jékel, F., & Schreiber, C. (2013). Introspection in Problem Solving. The Journal of Problem
Solving, 6(1). https://doi.org/10.7771/1932-6246.1131

James, W. (1983). The principles of psychology. Cambridge, MA: Harvard University Press.
(Original work published 1890)

Jones, S., & Myhill, D. (2004). ‘Troublesome boys’ and ‘compliant girls’: gender identity and
perceptions of achievement and underachievement. British Journal of Sociology of
Education, 25(5), 547-561. https://doi.org/10.1080/0142569042000252044

Jung, R. E., Mead, B. S., Carrasco, J., & Flores, R. A. (2013). The structure of creative cognition
in the human brain. Frontiers in Human Neuroscience, 7(330).
https://doi.org/10.3389/fnhum.2013.00330

Jung, R. E., & Meadows, C. (2017). Sweet Dreams Are Made of This: The Role of Openness in
Creativity and Brain Networks. In G. J. Feist, R. Reiter-Palmon, J. C. Kaufman, G. J.
Feist, R. Reiter-Palmon, & J. C. Kaufman (Eds.), The Cambridge Handbook of Creativity
and Personality Research (pp. 28—43). Cambridge: Cambridge University Press.

Karwowski, M. (2014). Creative mindsets: Measurement, correlates, consequences. Psychology
of Aesthetics, Creativity, and the Arts, 8(1), 62—70. https://doi.org/10.1037/a0034898

Kass, R. E., Carlin, B. P., Gelman, A., & Neal, R. M. (1998). Markov Chain Monte Carlo in
Practice: A Roundtable Discussion. The American Statistician, 52(2), 93—100.
https://doi.org/10.1080/00031305.1998.10480547

69



Kaufman, J. C., & Beghetto, R. A. (2009). Beyond big and little: The four ¢ model of creativity.
Review of General Psychology, 13(1), 1-12. https://doi.org/10.1037/a0013688

Kaufman, J. C., Plucker, J. A., & Baer, J. (2008). Essentials of creativity assessment. New York:
Wiley.

Kaufman, J. C., & Sternberg, R. J. (2007). Resource review: Creativity. Change, 39, 55-58.

Keats, J. (1884). The poetical works of John Keats (W. T. Arnold, Ed.). London: Kegan Paul,
Trench & Co. /z-wcorg/.

Keck, S., & Tang, W. (2018). Gender Composition and Group Confidence Judgment: The Perils
of All-Male Groups. Management Science, 64(12), 5877-5898.
https://doi.org/10.1287/mnsc.2017.2881

Kennedy, C. (2003). Gender Differences in Committee Decision-Making: Process and Outputs in
an Experimental Setting. Women & Politics, 25(3), 27-45.
https://doi.org/10.1300/J014v25n03 02

Kiefer, A. K., & Sekaquaptewa, D. (2007). Implicit Stereotypes, Gender Identification, and
Math-Related Outcomes: A Prospective Study of Female College Students. Psychological
Science, 18(1), 13—18. https://doi.org/10.1111/1.1467-9280.2007.01841.x

King, L. A., Walker, L. M., & Broyles, S. J. (1996). Creativity and the Five-Factor Model.
Journal of Research in Personality, 30(2), 189-203.
https://doi.org/10.1006/jrpe.1996.0013

Kizilirmak, J. M., Galvao Gomes da Silva, J., Imamoglu, F., & Richardson-Klavehn, A. (2016).
Generation and the subjective feeling of “aha!” are independently related to learning from
insight. Psychological Research, 80(6), 1059—1074. https://doi.org/10.1007/s00426-015-
0697-2

Kizilirmak, J. M., Schott, B. H., Thuerich, H., Sweeney-Reed, C. M., Richter, A., Folta-Schoofs,
K., & Richardson-Klavehn, A. (2019). Learning of novel semantic relationships via
sudden comprehension is associated with a hippocampus-independent network.
Consciousness and Cognition, 69, 113—132. https://doi.org/10.1016/j.concog.2019.01.005

Klein, G., & Jarosz, A. (2011). A Naturalistic Study of Insight. Journal of Cognitive Engineering
and Decision Making, 5(4), 335-351. https://doi.org/10.1177/1555343411427013

70



Koenig, A. M., & Eagly, A. H. (2014). Evidence for the social role theory of stereotype content:
Observations of groups’ roles shape stereotypes. Journal of Personality and Social
Psychology, 107(3), 371-392. https://doi.org/10.1037/a0037215

Kohler, W. (1927). The mentality of apes (Ella. Winter, Trans.). New York: Harcourt, Brace &
Co. /z-wcorg/.

Kounios, J., & Beeman, M. (2014). The Cognitive Neuroscience of Insight. Annual Review of
Psychology, 65(1), 71-93. https://doi.org/10.1146/annurev-psych-010213-115154

Kounios, J., Frymiare, J. L., Bowden, E. M., Fleck, J. ., Subramaniam, K., Parrish, T. B., &
Jung-Beeman, M. (2006). The Prepared Mind: Neural Activity Prior to Problem
Presentation Predicts Subsequent Solution by Sudden Insight. Psychological Science,
17(10), 882—890. https://doi.org/10.1111/1.1467-9280.2006.01798.x

Krapp, A., & Prenzel, M. (2011). Research on Interest in Science: Theories, methods, and
findings. International Journal of Science Education, 33(1), 27-50.
https://doi.org/10.1080/09500693.2010.518645

Kruschke, J. K. (2010). What to believe: Bayesian methods for data analysis. Trends in Cognitive
Sciences, 14(7), 293-300. https://doi.org/10.1016/j.tics.2010.05.001

Kruschke, J. K. (2013). Bayesian estimation supersedes the t test. Journal of Experimental
Psychology: General, 142(2), 573-603. https://doi.org/10.1037/a0029146

Kruschke, J. K. (2015). Doing Bayesian data analysis: a tutorial with R, JAGS, and Stan. San
Diego, USA: Academic Press.

Kruschke, J. K., Aguinis, H., & Joo, H. (2012). The Time Has Come: Bayesian Methods for Data
Analysis in the Organizational Sciences. Organizational Research Methods, 15(4), 722—
752. https://doi.org/10.1177/1094428112457829

Kruschke, J. K., & Liddell, T. M. (2017). The Bayesian New Statistics: Hypothesis testing,
estimation, meta-analysis, and power analysis from a Bayesian perspective. Psychonomic
Bulletin & Review. https://doi.org/10.3758/s13423-016-1221-4

Kruschke, J. K., & Vanpaemel, W. (2015). Bayesian estimation in hierarchical models. In J. R.
Busemeyer, Z. Wang, J. T. Townsend, & A. Eidels (Eds.), The Oxford Handbook of
Computational and Mathematical Psychology (pp. 279-299).
https://doi.org/10.1093/0xfordhb/9780199957996.013.13

71



Lakens, D. (2017). Equivalence Tests: A Practical Primer for ¢ Tests, Correlations, and Meta-
Analyses. Social Psychological and Personality Science, 8(4), 355-362.
https://doi.org/10.1177/1948550617697177

Lavazza, A. (2017). James’ Fringe and Qualia of Meaning: A Proposal. Phenomenology and
Mind, 10(2016), 184—195. https://doi.org/10.13128/phe_mi-20100

Leaper, C., & Robnett, R. D. (2011). Women Are More Likely Than Men to Use Tentative
Language, Aren’t They? A Meta-Analysis Testing for Gender Differences and
Moderators. Psychology of Women Quarterly, 35(1), 129-142.
https://doi.org/10.1177/0361684310392728

Leder, H., Belke, B., Oeberst, A., & Augustin, D. (2004). A model of aesthetic appreciation and
aesthetic judgments. British Journal of Psychology, 95(4), 489-508.
https://doi.org/10.1348/0007126042369811

Lee, M. D., & Wagenmakers, E.-J. (2014). Bayesian cognitive modeling: A practical course.
Cambridge: Cambridge University Press. /z-wcorg/.

LeFevre, J.-A., Kulak, A. G., & Heymans, S. L. (1992). Factors influencing the selection of
university majors varying in mathematical content. Canadian Journal of Behavioural
Science/Revue Canadienne Des Sciences Du Comportement, 24(3), 276-289.
https://doi.org/10.1037/h0078742

Leslie, S.-J., Cimpian, A., Meyer, M., & Freeland, E. (2015). Expectations of brilliance underlie
gender distributions across academic disciplines. Science, 347(6219), 262-265.
https://doi.org/10.1126/science.1261375

Li, W, Li, X., Huang, L., Kong, X., Yang, W., Wei, D., ... Liu, J. (2015). Brain structure links
trait creativity to openness to experience. Social Cognitive and Affective Neuroscience,
10(2), 191-198. https://doi.org/10.1093/scan/nsu04 1

Liang, C., & Chang, C.-C. (2014). Predicting scientific imagination from the joint influences of
intrinsic motivation, self-efficacy, agreeableness, and extraversion. Learning and
Individual Differences, 31, 36—42. https://doi.org/10.1016/j.1indif.2013.12.013

Liljedahl, P. G. (2004). The Aha! Experience: Mathematical Contexts, Pedagogical Implications
(Doctoral Dissertation). Retrieved from http://www.peterliljedahl.com/wp-

content/uploads/Thesis.pdf

72



Liljedahl, P. G. (2013). [llumination: an affective experience? ZDM, 45(2), 253-265.
https://doi.org/10.1007/s11858-012-0473-3

Lindberg, S. M., Hyde, J. S., Petersen, J. L., & Linn, M. C. (2010). New trends in gender and
mathematics performance: A meta-analysis. Psychological Bulletin, 136(6), 1123—1135.
https://doi.org/10.1037/a0021276

Loesche, F., Goslin, J., & Bugmann, G. (2018). Paving the Way to Eureka—Introducing “Dira”
as an Experimental Paradigm to Observe the Process of Creative Problem Solving.
Frontiers in Psychology, 9. https://doi.org/10.3389/fpsyg.2018.01773

Lu, J. G., Martin, A. E., Usova, A., & Galinsky, A. D. (2019). Creativity and humor across
cultures. In S. R. Luria, J. Baer, & J. C. Kaufman (Eds.), Creativity and humor (pp. 183—
203). https://doi.org/10.1016/B978-0-12-813802-1.00009-0

Ludeke, S. G. (2014). Truth and fiction in the association between Openness and education: The
role of biased responding. Learning and Individual Differences, 35, 137-141.
https://doi.org/10.1016/;.1indif.2014.07.008

MacGregor, J. N., & Cunningham, J. B. (2008). Rebus puzzles as insight problems. Behavior
Research Methods, 40(1), 263-268. https://doi.org/10.3758/BRM.40.1.263

Makin, A. D. J., Pecchinenda, A., & Bertamini, M. (2012). Implicit affective evaluation of visual
symmetry. Emotion, 12(5), 1021-1030. https://doi.org/10.1037/a0026924

Mangan, B. (1991). Meaning and the Structure of Consciousness: An essay in psycho- aesthetics
(Doctoral dissertation). University of California, Berkeley.

Mangan, B. (2001). Sensation’s ghost: The non-sensory “fringe” of consciousness. Psyche: An
Interdisciplinary Journal of Research on Consciousness, 7(18).

Mangan, B. (2003). The conscious “fringe”: Bringing William James up to date. In B. J. Baars,
W. P. Banks, & J. B. Newman (Eds.), Essential sources in the scientific study of
consciousness (pp. 741-759). Cambridge, Mass.: MIT Press.

Mangan, B. (2007). Cognition, Fringe Consciousness, and the Legacy of William James. In M.
Velmans & S. Schneider (Eds.), The Blackwell Companion to Consciousness (pp. 671—
685). https://doi.org/10.1002/9780470751466.ch53

Mangan, B. (2014). Meaning, God, Volition, and Art: How Rightness and the Fringe Bring It All
Together. Journal of Consciousness Studies, 21(3—4), 154-176.

73



Mangan, B. (2015). The uncanny valley as fringe experience. Interaction Studies, 16(2), 193—
199. https://doi.org/10.1075/is.16.2.05man

Martinho, M., Albergaria-Almeida, P., & Dias, J. T. (2015). Cooperation and Competitiveness in
Higher Education Science: Does Gender Matter? Procedia - Social and Behavioral
Sciences, 191, 554-558. https://doi.org/10.1016/j.sbspro.2015.04.569

Martino, W. (1999). “Cool Boys”, “Party Animals”, “Squids” and “Poofters”: Interrogating the
dynamics and politics of adolescent masculinities in school. British Journal of Sociology
of Education, 20(2), 239-263. https://doi.org/10.1080/01425699995434

Mason, O., & Hargreaves, 1. (2001). A qualitative study of mindfulness-based cognitive therapy
for depression. British Journal of Medical Psychology, 74(2), 197-212.
https://doi.org/10.1348/000711201160911

Mau, W.-C., & Lynn, R. (2000). Gender differences in homework and test scores in
Mathematics, Reading and Science at tenth and twelfth grade. Psychology, Evolution &
Gender, 2(2), 119—-125. https://doi.org/10.1080/14616660050200904

Mauss, I. B., & Robinson, M. D. (2009). Measures of emotion: A review. Cognition & Emotion,
23(2), 209-237. https://doi.org/10.1080/02699930802204677

McShane, B. B., & Gal, D. (2017). Statistical Significance and the Dichotomization of Evidence.
Journal of the American Statistical Association, 112(519), 885-895.
https://doi.org/10.1080/01621459.2017.1289846

Mednick, S. (1962). The associative basis of the creative process. Psychological Review, 69(3),
220-232. https://doi.org/10.1037/h0048850

Metcalfe, J. (1986a). Feeling of knowing in memory and problem solving. Journal of
Experimental Psychology: Learning, Memory, and Cognition, 12(2), 288-294.
https://doi.org/10.1037/0278-7393.12.2.288

Metcalfe, J. (1986b). Premonitions of insight predict impending error. Journal of Experimental
Psychology: Learning, Memory, and Cognition Journal of Experimental Psychology:
Learning, Memory, and Cognition, 12(4), 623—634. http://dx.doi.org/10.1037/0278-
7393.12.4.623

Metcalfe, J., & Wiebe, D. (1987). Intuition in insight and noninsight problem solving. Memory &
Cognition, 15(3), 238-246. https://doi.org/10.3758/BF03197722

74



Meyers-Levy, J., & Loken, B. (2015). Revisiting gender differences: What we know and what
lies ahead. Journal of Consumer Psychology, 25(1), 129—149.
https://doi.org/10.1016/j.jcps.2014.06.003

Miller, D. 1., & Wai, J. (2015). The bachelor’s to Ph.D. STEM pipeline no longer leaks more
women than men: a 30-year analysis. Frontiers in Psychology, 6.
https://doi.org/10.3389/fpsyg.2015.00037

Mills, S. (2003). Gender and politeness. Cambridge: Cambridge University.

Montuori, A., & Purser, R. E. (1995). Deconstructing the Lone Genius Myth: Toward a
Contextual View of Creativity. Journal of Humanistic Psychology, 35(3), 69—112.
https://doi.org/10.1177/00221678950353005

Morey, R. D., Romeijn, J.-W., & Rouder, J. N. (2016). The philosophy of Bayes factors and the
quantification of statistical evidence. Journal of Mathematical Psychology, 72, 6—18.
https://doi.org/10.1016/j.jmp.2015.11.001

Muthén, B., & Asparouhov, T. (2012). Bayesian structural equation modeling: A more flexible
representation of substantive theory. Psychological Methods, 17(3), 313-335.
https://doi.org/10.1037/a0026802

Niederle, M., & Yestrumskas, A. (2008). Gender Differences in Seeking Challenges: The Role of
Institutions. https://doi.org/10.3386/w13922

Norman, E. (2002). Subcategories of “fringe consciousness” and their related nonconscious
contexts. Psyche: An Interdisciplinary Journal of Research on Consciousness, 8(15),
[journal insert]-[journal insert].

Norman, E. (2017). Metacognition and Mindfulness: the Role of Fringe Consciousness.
Mindfulness, 8(1), 95-100. https://doi.org/10.1007/s12671-016-0494-z

Norman, E., Price, M. C., & Duff, S. C. (2006). Fringe consciousness in sequence learning: The
influence of individual differences. Consciousness and Cognition, 15(4), 723-760.
https://doi.org/10.1016/j.concog.2005.06.003

Nyberg, S. O. (2018). The Bayesian way: introductory statistics for economists and engineers.
New York: Wiley.

O’Connor, A. J., Nemeth, C. J., & Akutsu, S. (2013). Consequences of Beliefs about the
Malleability of Creativity. Creativity Research Journal, 25(2), 155-162.
https://doi.org/10.1080/10400419.2013.783739

75



Ogawa, T., Aihara, T., Shimokawa, T., & Yamashita, O. (2018). Large-scale brain network
associated with creative insight: combined voxel-based morphometry and resting-state
functional connectivity analyses. Scientific Reports, 8(1). https://doi.org/10.1038/s41598-
018-24981-0

Ohlsson, S. (1984). Restructuring revisited.: . Summary and critique of the Gestalt theory of
problem solving. Scandinavian Journal of Psychology, 25(1), 65-78.
https://doi.org/10.1111/5.1467-9450.1984.tb01001.x

Ollinger, M., & Knoblich, G. (2009). Psychological Research on Insight Problem Solving. In H.
Atmanspacher & H. Primas (Eds.), Recasting Reality (pp. 275-300).
https://doi.org/10.1007/978-3-540-85198-1 14

Olson, J. A., Landry, M., Appourchaux, K., & Raz, A. (2016). Simulated thought insertion:
Influencing the sense of agency using deception and magic. Consciousness and
Cognition, 43, 11-26. https://doi.org/10.1016/j.concog.2016.04.010

Ovington, L. A. (2016). Who has insights? The who, where, and when of the Eureka moment
(Doctoral Dissertation, Charles Sturt University). Retrieved from
https://researchoutput.csu.edu.au/en/publications/who-has-insights-the-who-where-and-
when-of-the-eureka-moment

Ovington, L. A., Saliba, A. J., Moran, C. C., Goldring, J., & MacDonald, J. B. (2018). Do People
Really Have Insights in the Shower? The When, Where and Who of the Aha! Moment.
The Journal of Creative Behavior, 52(1), 21-34. https://doi.org/10.1002/jocb.126

Pansu, P., Régner, 1., Max, S., Col¢, P., Nezlek, J. B., & Huguet, P. (2016). A burden for the boys:
Evidence of stereotype threat in boys’ reading performance. Journal of Experimental
Social Psychology, 65, 26-30. https://doi.org/10.1016/j.jesp.2016.02.008

Parks, C. M., & Toth, J. P. (2006). Fluency, Familiarity, Aging, and the Illusion of Truth. Aging,
Neuropsychology, and Cognition, 13(2), 225-253.
https://doi.org/10.1080/138255890968691

Passamonti, L., Terracciano, A., Riccelli, R., Donzuso, G., Cerasa, A., Vaccaro, Mg., ...
Quattrone, A. (2015). Increased functional connectivity within mesocortical networks in
open people. Neurolmage, 104, 301-309.
https://doi.org/10.1016/j.neuroimage.2014.09.017

76



Plummer, M. (2003). JAGS: A program for analysis of Bayesian graphical models using Gibbs
sampling (4.3.0). Retrieved from http://mcmc-jags.sourceforge.net/

Poincaré, H. (1914). Science and method (F. Maitland, Trans.). London: T. Nelson and Sons.

Pretz, J. E., Naples, A. J., & Sternberg, R. J. (2003). Recognizing, Defining, and Representing
Problems. In J. E. Davidson & R. J. Sternberg (Eds.), The Psychology of Problem Solving
(pp- 3-30). https://doi.org/10.1017/CB0O9780511615771.002

Qualtrics. (2014). Qualtrics. Retrieved from http://www.qualtrics.com

R Core Team. (2019). R: A language and environment for statistical computing (3.5.3). Retrieved
from http://www.R-project.org/

Raty, H., Vénska, J., Kasanen, K., & Kirkkidinen, R. (2002). Parents’ Explanations of Their
Child’s Performance in Mathematics and Reading: A Replication and Extension of Yee
and Eccles. Sex Roles, 46(3), 121-128. https://doi.org/10.1023/A:1016573627828

Reber, R. (2018). Beauty and truth in mathematics: Evidence from cognitive psychology. In S.
Bangu (Ed.), Naturalizing Logico-Mathematical Knowledge: Approaches from
Psychology and Cognitive Science (pp. 252—-267). London: Routledge.

Reber, R., Brun, M., & Mitterndorfer, K. (2008). The use of heuristics in intuitive mathematical
judgment. Psychonomic Bulletin & Review, 15(6), 1174-1178.
https://doi.org/10.3758/PBR.15.6.1174

Reber, R., & Greifeneder, R. (2017). Processing Fluency in Education: How Metacognitive
Feelings Shape Learning, Belief Formation, and Affect. Educational Psychologist, 52(2),
84—103. https://doi.org/10.1080/00461520.2016.1258173

Reber, R., Meier, B., Ruch-Monachon, M.-A., & Tiberini, M. (2006). Effects of processing
fluency on comparative performance judgments. Acta Psychologica, 123(3), 337-354.
https://doi.org/10.1016/j.actpsy.2006.02.001

Reber, R., & Schwarz, N. (1999). Effects of Perceptual Fluency on Judgments of Truth.
Consciousness and Cognition, 8(3), 338-342. https://doi.org/10.1006/ccog.1999.0386

Reber, R., Schwarz, N., & Winkielman, P. (2004). Processing fluency and aesthetic pleasure: is
beauty in the perceiver’s processing experience? Pers Soc Psychol Rev, 8(4), 364-382.
https://doi.org/10.1207/s15327957pspr0804 3

Reber, R., Winkielman, P., & Schwarz, N. (1998). Effects of Perceptual Fluency on Affective
Judgments. Psychological Science, 9(1), 45-48. https://doi.org/10.1111/1467-9280.00008

77



Richards, R. (2007). Everyday creativity: Our hidden potential. In R. Richards (Ed.), Everyday
creativity and new views of human nature: Psychological, social, and spiritual
perspectives (pp. 23—53). Washington, DC: American Psychological Association.

Robinson, M. D., & Clore, G. L. (2002a). Belief and feeling: Evidence for an accessibility model
of emotional self-report. Psychological Bulletin, 128(6), 934-960.
https://doi.org/10.1037//0033-2909.128.6.934

Robinson, M. D., & Clore, G. L. (2002b). Episodic and semantic knowledge in emotional self-
report: Evidence for two judgment processes. Journal of Personality and Social
Psychology, 83(1), 198-215. https://doi.org/10.1037//0022-3514.83.1.198

Rouder, J. N., Morey, R. D., Verhagen, J., Province, J. M., & Wagenmakers, E.-J. (2016). Is
There a Free Lunch in Inference? Topics in Cognitive Science, 8(3), 520-547.
https://doi.org/10.1111/tops.12214

Rozin, P. (2006). Domain Denigration and Process Preference in Academic Psychology.
Perspectives on Psychological Science, 1(4), 365-376. https://doi.org/10.1111/5.1745-
6916.2006.00021.x

Rozin, Paul. (2007). Exploring the landscape of modern academic psychology: Finding and
filling the holes. American Psychologist, 62(8), 754—766. https://doi.org/10.1037/0003-
066X.62.8.754

Runco, M. A. (2004). Creativity. Annual Review of Psychology, 55(1), 657-687.
https://doi.org/10.1146/annurev.psych.55.090902.141502

Saewyc, E. (2017). A Global Perspective on Gender Roles and Identity. Journal of Adolescent
Health, 61(4), S1-S2. https://doi.org/10.1016/j.jadohealth.2017.07.010

Salvi, C., Cristofori, 1., Grafman, J., & Beeman, M. (2016). Rapid communication: The politics
of insight. Quarterly Journal of Experimental Psychology, 69(6), 1064—1072.
https://doi.org/10.1080/17470218.2015.1136338

Sawyer, R. Keith. (2013). Explaining creativity : the science of human innovation. New York. /z-
wcorg/.

Schiefele, U. (1991). Interest, Learning, and Motivation. Educational Psychologist, 26(3—4),
299-323. https://doi.org/10.1080/00461520.1991.9653136

78



Schmader, T. (2002). Gender Identification Moderates Stereotype Threat Effects on Women’s
Math Performance. Journal of Experimental Social Psychology, 38(2), 194-201.
https://doi.org/10.1006/jesp.2001.1500

Shen, W., Tong, Y., Li, F., Yuan, Y., Hommel, B., Liu, C., & Luo, J. (2018). Tracking the
neurodynamics of insight: A meta-analysis of neuroimaging studies. Biological
Psychology, 138, 189—198. https://doi.org/10.1016/j.biopsycho.2018.08.018

Shen, W., Yuan, Y., Liu, C., & Luo, J. (2015). In search of the ‘Aha!’ experience: Elucidating the
emotionality of insight problem-solving. British Journal of Psychology, 2015(1), 1-18.
https://doi.org/10.1111/bjop.12142

Shen, W., Yuan, Y., Liu, C., Zhang, X., Luo, J., & Gong, Z. (2016). Is creative insight task-
specific? A coordinate-based meta-analysis of neuroimaging studies on insightful
problem solving. International Journal of Psychophysiology, 110, 81-90.
https://doi.org/10.1016/j.ijpsycho.2016.10.001

Sheth, B. R., Sandkiihler, S., & Bhattacharya, J. (2009). Posterior Beta and Anterior Gamma
Oscillations Predict Cognitive Insight. Journal of Cognitive Neuroscience, 21(7), 1269—
1279. https://doi.org/10.1162/jocn.2009.21069

Silberstein, R. B., Pipingas, A., Farrow, M., Levy, F., & Stough, C. K. (2016). Dopaminergic
modulation of default mode network brain functional connectivity in attention deficit
hyperactivity disorder. Brain and Behavior, 6(12), e00582.
https://doi.org/10.1002/brb3.582

Silvia, P. J. (2008). Discernment and creativity: How well can people identify their most creative
ideas? Psychology of Aesthetics, Creativity, and the Arts, 2(3), 139—146.
https://doi.org/10.1037/1931-3896.2.3.139

Silvia, P. J., Kaufman, J. C., Reiter-Palmon, R., & Wigert, B. (2011). Cantankerous creativity:
Honesty—Humility, Agreeableness, and the HEXACO structure of creative achievement.
Personality and Individual Differences, 51(5), 687—689.
https://doi.org/10.1016/j.paid.2011.06.011

Silvia, P. J., Winterstein, B. P., Willse, J. T., Barona, C. M., Cram, J. T., Hess, K. 1., ... Richard,
C. A. (2008). Assessing creativity with divergent thinking tasks: Exploring the reliability
and validity of new subjective scoring methods. Psychology of Aesthetics, Creativity, and

the Arts, 2(2), 68-85. https://doi.org/10.1037/1931-3896.2.2.68

79



Simonton, D. K. (1999). Origins of genius: Darwinian perspective on creativity. New York:
Oxford University Press.

Skaar, @. O. (2018). bfw: Bayesian Framework for Computational Modeling (0.4.0). Retrieved
from https://CRAN.R-project.org/package=bfw

Skaar, @. O., & Reber, R. (2019). Motivation through Insight: The Phenomenological
Consequences of Insight and Spatial Ability Tasks. In Preparation.

Smith, T. J., McKenna, C. M., & Hines, E. (2014). Association of group learning with
mathematics achievement and mathematics attitude among eighth-grade students in the
US. Learning Environments Research, 17(2), 229-241. https://doi.org/10.1007/s10984-
013-9150-x

Sprugnoli, G., Rossi, S., Emmendorfer, A., Rossi, A., Liew, S.-L., Tatti, E., ... Santarnecchi, E.
(2017). Neural correlates of Eureka moment. /ntelligence, 62, 99—118.
https://doi.org/10.1016/j.intell.2017.03.004

Steele, L. M., Johnson, G., & Medeiros, K. E. (2018). Looking beyond the generation of creative
ideas: Confidence in evaluating ideas predicts creative outcomes. Personality and
Individual Differences, 125, 21-29. https://doi.org/10.1016/j.paid.2017.12.028

Steffens, M. C., Jelenec, P., & Noack, P. (2010). On the leaky math pipeline: Comparing implicit
math-gender stereotypes and math withdrawal in female and male children and
adolescents. Journal of Educational Psychology, 102(4), 947-963.
https://doi.org/10.1037/a0019920

Stein, M. 1. (1953). Creativity and Culture. The Journal of Psychology, 36(2), 311-322.
https://doi.org/10.1080/00223980.1953.9712897

Sternberg, R. J., & Davidson, J. E. (1995). The Nature of Insight. Cambridge, MA: MIT Press.

Sternberg, R. J., Kaufman, J. C., & Pretz, J. E. (2002). The creativity conundrum: A propulsion
model of kinds of creative contributions. Philadelphia: Psychology Press.

Sternberg, R. J., & Lubart, T. I. (1998). The Concept of Creativity: Prospects and Paradigms. In
R. J. Sternberg (Ed.), Handbook of Creativity (pp. 3—15).
https://doi.org/10.1017/CB0O9780511807916.003

Stoet, G., & Geary, D. C. (2018). The Gender-Equality Paradox in Science, Technology,
Engineering, and Mathematics Education. Psychological Science, 29(4), 581-593.
https://doi.org/10.1177/0956797617741719

80



Straczynski, J. M. [@straczynski]. (2019a, February 1). I couldn’t figure out how to do it for
days after Marvel asked me to write it. Just didn’t have the words. Then while on location
shooting Jeremiah the whole thing beamed into my head all at once like automatic
writing, done in about 45 minutes. Never happened before or since. [Tweet]. Retrieved
from https://twitter.com/straczynski/status/1091119500630474753

Straczynski, J. M. [@straczynski]. (2019b, February 3). It’s like being on a frequency you didn’t
know was there before, and the words are coming from someplace outside, and the
sentences come fully formed, no editing afterward, what came out was what was printed,
verbatim. It feels less like creating it than remembering it. [Tweet]. Retrieved from
https://twitter.com/straczynski/status/1091999138378481666

Subramaniam, K., Kounios, J., Parrish, T. B., & Jung-Beeman, M. (2009). A Brain Mechanism
for Facilitation of Insight by Positive Aftect. Journal of Cognitive Neuroscience, 21(3),
415-432. https://doi.org/10.1162/jocn.2009.21057

Sung, S.Y., & Choi, J. N. (2009). Do Big Five Personality Factors Affect Individual Creativity?
the Moderating Role of Extrinsic Motivation. Social Behavior and Personality: An
International Journal, 37(7), 941-956. https://doi.org/10.2224/sbp.2009.37.7.941

Sutin, A. R., Beason-Held, L. L., Resnick, S. M., & Costa, P. T. (2009). Sex Differences in
Resting-State Neural Correlates of Openness to Experience among Older Adults.
Cerebral Cortex, 19(12), 2797-2802. https://doi.org/10.1093/cercor/bhp066

Thagard, P., & Stewart, T. C. (2011). The AHA! Experience: Creativity Through Emergent
Binding in Neural Networks. Cognitive Science, 35(1), 1-33.
https://doi.org/10.1111/5.1551-6709.2010.01142.x

Thompson, B. (2014). Null Hypothesis Significance-Testing Debate. In The Encyclopedia of
Clinical Psychology. Retrieved from http://dx.do1.org/10.1002/9781118625392.wbecp028

Tidikis, V., & Ash, I. K. (2013). Working in Dyads and Alone: Examining Process Variables in
Solving Insight Problems. Creativity Research Journal, 25(2), 189-198.
https://doi.org/10.1080/10400419.2013.783745

Topolinski, S., Erle, T. M., & Reber, R. (2015). Necker’s smile: Immediate affective
consequences of early perceptual processes. Cognition, 140, 1-13.

https://doi.org/10.1016/j.cognition.2015.03.004

81



Topolinski, S., Likowski, K. U., Weyers, P., & Strack, F. (2009). The face of fluency: Semantic
coherence automatically elicits a specific pattern of facial muscle reactions. Cognition
and Emotion, 23(2), 260-271. https://doi.org/10.1080/02699930801994112

Topolinski, S., & Reber, R. (2010a). Gaining Insight Into the “Aha” Experience. Current
Directions in Psychological Science, 19(6), 402—405.
https://doi.org/10.1177/0963721410388803

Topolinski, S., & Reber, R. (2010b). Immediate truth — Temporal contiguity between a cognitive
problem and its solution determines experienced veracity of the solution. Cognition,
114(1), 117-122. https://doi.org/10.1016/j.cognition.2009.09.009

Torrance, E. P. (1972). Can We Teach Children to Think Creatively? The Journal of Creative
Behavior, 6(2), 114-143. https://doi.org/10.1002/5.2162-6057.1972.tb00923.x

Tuerlinckx, F., Rijmen, F., Verbeke, G., & Boeck, P. (2006). Statistical inference in generalized
linear mixed models: A review. British Journal of Mathematical and Statistical
Psychology, 59(2), 225-255. https://doi.org/10.1348/000711005X79857

Unkelbach, C. (2007). Reversing the truth effect: Learning the interpretation of processing
fluency in judgments of truth. Journal of Experimental Psychology. Learning, Memory,
and Cognition, 33(1), 219-230. https://doi.org/10.1037/0278-7393.33.1.219

Uttal, D. H., Meadow, N. G., Tipton, E., Hand, L. L., Alden, A. R., Warren, C., & Newcombe, N.
S. (2013). The malleability of spatial skills: A meta-analysis of training studies.
Psychological Bulletin, 139(2), 352—-402. https://doi.org/10.1037/a0028446

van Dijk, H., Meyer, B., & van Engen, M. (2018). If it doesn’t help, it doesn’t hurt? Information
elaboration harms the performance of gender-diverse teams when attributions of
competence are inaccurate. PLOS ONE, 13(7), €0201180.
https://doi.org/10.1371/journal.pone.0201180

van Ravenzwaaij, D., Cassey, P., & Brown, S. D. (2018). A simple introduction to Markov Chain
Monte—Carlo sampling. Psychonomic Bulletin & Review, 25(1), 143—154.
https://doi.org/10.3758/s13423-016-1015-8

VanderPlas, J. (2014). Frequentism and Bayesianism: A Python-driven Primer. In S. van der Walt
& J. Bergstra (Eds.), Proceedings of the 13th Python in Science Conference (pp. 91-99).

Verstijnen, I. M., van Leeuwen, C., Goldschmidt, G., Hamel, R., & Hennessey, J. M. (1998).

Creative discovery in imagery and perception: Combining is relatively easy, restructuring

82



takes a sketch. Acta Psychologica, 99(2), 177-200. https://doi.org/10.1016/S0001-
6918(98)00010-9

Voelkel, J. R. (1999). Johannes Kepler and the New Astronomy. New York, NY, US: Oxford
University Press.

Vugt, M. V., Cremer, D. D., & Janssen, D. P. (2007). Gender Differences in Cooperation and
Competition: The Male-Warrior Hypothesis. Psychological Science, 18(1), 19-23.
https://doi.org/10.1111/5.1467-9280.2007.01842 x

Wallas, G. (1926). The art of thought. New York: Harcourt, Brace.

Wang, C.-P., & Ghosh, M. (2011). A Kullback-Leibler Divergence for Bayesian Model
Diagnostics. Open Journal of Statistics, 01(03), 172—-184.
https://doi.org/10.4236/0js.2011.13021

Wang, M.-T., & Degol, J. (2013). Motivational pathways to STEM career choices: Using
expectancy—value perspective to understand individual and gender differences in STEM
fields. Developmental Review, 33(4), 304-340. https://doi.org/10.1016/5.dr.2013.08.001

Webb, M. E., Little, D. R., & Cropper, S. J. (2016). Insight Is Not in the Problem: Investigating
Insight in Problem Solving across Task Types. Frontiers in Psychology, 7.
https://doi.org/10.3389/fpsyg.2016.01424

Webb, M. E., Little, D. R., & Cropper, Simon. J. (2018). Once more with feeling: Normative data
for the aha experience in insight and noninsight problems. Behavior Research Methods,
50(5), 2035-2056. https://doi.org/10.3758/s13428-017-0972-9

Wegner, D. M., & Wheatley, T. (1999). Apparent mental causation: Sources of the experience of
will. American Psychologist, 54(7), 480—492. https://doi.org/10.1037/0003-
066X.54.7.480

Weisberg, R. W. (1993). Creativity: Beyond the myth of genius. New York: Freeman:

Weisberg, R. W. (1995). Prolegomena to theory of insight. In R. J. Sternberg & J. E. Davidson
(Eds.), The nature of insight (pp. 159—196). Cambridge: MIT Press.

Weisberg, R. W. (2018). Insight, problem solving, and creativity: An integration of findings. In F.
Vallée-Tourangeau (Ed.), Insight: On the Origins of New Ideas (1st ed., pp. 191-216).
https://doi.org/10.4324/9781315268118

83



Weisgram, E. S., Bigler, R. S., & Liben, L. S. (2010). Gender, Values, and Occupational Interests
Among Children, Adolescents, and Adults: Gender, Values, and Occupational Goals.
Child Development, 81(3), 778-796. https://doi.org/10.1111/j.1467-8624.2010.01433.x

Wetzels, R., & Wagenmakers, E.-J. (2012). A default Bayesian hypothesis test for correlations
and partial correlations. Psychonomic Bulletin & Review, 19(6), 1057-1064.
https://doi.org/10.3758/s13423-012-0295-x

Williams, M., & Polman, E. (2015). Is It Me or Her? How Gender Composition Evokes
Interpersonally Sensitive Behavior on Collaborative Cross-Boundary Projects.
Organization Science, 26(2), 334-355. https://doi.org/10.1287/orsc.2014.0941

Winkielman, P., & Cacioppo, J. T. (2001). Mind at ease puts a smile on the face:
Psychophysiological evidence that processing facilitation elicits positive affect. Journal
of Personality and Social Psychology, 81(6), 989—1000. https://doi.org/10.1037/0022-
3514.81.6.989

Winkielman, P., Schwarz, N., Fazendeiro, T., & Reber, R. (2003). The hedonic marking of
processing fluency: Implications for evaluative judgment. In J. Musch & K. C. Klauer
(Eds.), The Psychology of Evaluation: Affective Processes in Cognition and Emotion (pp.
189-217). Mahwah, NJ: Lawerence Erlbaum.

Witt, M. G., & Wood, W. (2010). Self-regulation of Gendered Behavior in Everyday Life. Sex
Roles, 62(9), 635-646. https://doi.org/10.1007/s11199-010-9761-y

Wood, W., & Eagly, A. H. (2002). A cross-cultural analysis of the behavior of women and men:
Implications for the origins of sex differences. Psychological Bulletin, 128(5), 699—7217.
https://doi.org/10.1037/0033-2909.128.5.699

Wood, W., & Eagly, A. H. (2009). Gender identity. In M. R. Leary & R. H. Hoyle (Eds.),
Handbook of Individual Differences (pp. 109—125). New York, NY: The Guilford Press.

Wood, W., & Eagly, A. H. (2010). Gender. In S. T. Fiske, D. T. Gilbert, & G. Lindzey (Eds.),
Handbook of Social Psychology (5th ed.).
https://doi.org/10.1002/9780470561119.s0cpsy001017

Wood, W., & Eagly, A. H. (2012). Biosocial Construction of Sex Differences and Similarities in
Behavior. In Advances in Experimental Social Psychology (Vol. 46, pp. 55-123).
https://doi.org/10.1016/B978-0-12-394281-4.00002-7

84



Wood, W., & Eagly, A. H. (2015). Two Traditions of Research on Gender Identity. Sex Roles,
73(11-12), 461-473. https://doi.org/10.1007/s11199-015-0480-2

Wulff, S. S., & Robinson, T. J. (2014). What is the Probability you are a Bayesian? Journal of
Statistics Education, 22(2). https://doi.org/10.1080/10691898.2014.11889706

Yasuno, F., Kudo, T., Yamamoto, A., Matsuoka, K., Takahashi, M., Iida, H., ... Kishimoto, T.
(2017). Significant correlation between openness personality in normal subjects and brain
myelin mapping with T1/T2-weighted MR imaging. Heliyon, 3(9), e00411.
https://doi.org/10.1016/j.heliyon.2017.e00411

Yee, D. K., & Eccles, J. S. (1988). Parent perceptions and attributions for children’s math
achievement. Sex Roles, 19(5), 317-333. https://doi.org/10.1007/BF00289840

Yeh, Y., Lai, G.-J., Lin, C. F., Lin, C.-W., & Sun, H.-C. (2015). How stress influences creativity
in game-based situations: Analysis of stress hormones, negative emotions, and working
memory. Computers & Education, 81, 143—153.
https://doi.org/10.1016/j.compedu.2014.09.011

Zander, T., Ollinger, M., & Volz, K. G. (2016). Intuition and Insight: Two Processes That Build
on Each Other or Fundamentally Differ? Frontiers in Psychology, 7.
https://doi.org/10.3389/fpsyg.2016.01395

Zare, M., & Flinchbaugh, C. (2019). Voice, creativity, and big five personality traits: A meta-
analysis. Human Performance, 32(1), 30-51.
https://doi.org/10.1080/08959285.2018.1550782

Zenasni, F., & Lubart, T. I. (2008). Emotion-Related Traits Moderate the Impact of Emotional
State on Creative Performances. Journal of Individual Differences, 29(3), 157-167.
https://doi.org/10.1027/1614-0001.29.3.157

Zentner, M., & Eagly, A. H. (2015). A sociocultural framework for understanding partner
preferences of women and men: Integration of concepts and evidence. European Review
of Social Psychology, 26(1), 328-373. https://doi.org/10.1080/10463283.2015.1111599

Zhang, L. (2015). The malleability of intellectual styles. Cambridge, MA: Cambridge University

Press. /z-wcorg/.

85



	General Summary
	List of Papers
	List of Abbreviations
	Introduction
	The Aha-experience
	The phenomenology of insight.
	Sudden fluency.
	Beauty and truth.
	Fluency and sense of agency.
	An integrative approach to Aha-experiences.


	Social Role Theory
	Creativity
	Openness and creativity.
	Fringe consciousness.
	Creativity as a trait or a state.


	Methodological Considerations
	Bayesian Framework for Computational Modeling
	Estimation.
	Hierarchical models.
	Model fit.
	Inference.

	The Retrospective Design
	Limitations.
	Strengths.
	Ethical considerations.


	Summary of Papers
	Paper I: The Phenomenology of Aha-experiences
	Background.
	Methods.
	Methods.
	Results.
	Conclusion.

	Paper II: Unravelling the Aha-experience
	Background.
	Methods.
	Results.
	Conclusion.

	Paper III: Openness to Aha-experiences
	Background.
	Methods.
	Results.
	Conclusion.


	Extended Results
	Situational Settings
	Locations.
	Activities.
	Social contexts.
	Domains.
	Time of the year.

	Negative Aha-experiences
	Social Context and Aha-frequencies
	Openness and Sudden Insight

	General Discussion
	Research on Insight
	Fluency Truth Beauty
	The Role of Social Context
	Openness to Aha-experiences
	Concluding Remarks
	Future directions.
	Final thoughts.


	References



