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“Aha!” is stronger when preceded by a “huh?”:
presentation of a solution affects ratings of aha
experience conditional on accuracy

Margaret E. Webb, Simon J. Cropper and Daniel R. Little

Melbourne School of Psychological Sciences, The University of Melbourne,
Parkville, Australia

ABSTRACT
Insight has been investigated under the assumption that participants solve
insight problems with insight processes and/or experiences. A recent trend has
involved presenting participants with the solution and analysing the resultant
experience as if insight has taken place. We examined self-reports of the aha
experience, a defining aspect of insight, before and after feedback, along with
additional affective components of insight (e.g., pleasure, surprise, impasse).
Classic insight problems, compound remote associates, and non-insight prob-
lems were randomly interleaved and presented to participants. Solution feed-
back increased ratings of aha experience in both insight and non-insight
problems, with this result being driven by responses to solutions that were ini-
tially incorrectly generated. Ratings of aha for correctly generated solutions
decreased after the correct solution was presented. These findings have impli-
cations for insight research paradigms as well as informing teaching methods.
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The sensation of sudden and unexpected clarity in problem solving, which
may vocalise itself as anything from a quiet to exuberant “aha!”, is a common
subjective phenomenon (Ovington, Saliba, Moran, Goldring, & MacDonald,
2015) and an area of increasing research interest. The aha experience typically
occurs when an individual has been struggling with a problem (Jarman,
2016), with a moment of insight arriving suddenly to resolve the problem.
The resolution may be towards a solution or to a clearer understanding of the
problem (Metcalfe & Wiebe, 1987; Weisberg, 2014). Evidence indicates that
the feeling of insight is a strong facilitator of motivation in problem solving
(Liljedahl, 2005); consequently, understanding insight problem solving has
important implications for education and creative industries.
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This paper examines whether the phenomenology associated with insight
is the same when the solution is generated by the participant (the intrinsic
“aha” moment) compared to when the solution is presented by the experi-
menter (as in Rothmaler, Nigbur, & Ivanova, 2017). There are paradigms that
examine insight by presenting a problem, and shortly after, presenting the
solution (Luo & Knoblich, 2007; Luo, Niki, & Phillips, 2004). In these studies,
the presentation of the solution is taken as being representative of insight,
and indeed, behavioural data indicate that viewing the solution elicits a feel-
ing of insight. A second line of research uses paradigms that examine insight
by presenting a participant with a problem and assessing the subjective phe-
nomenology of insight reported by the participant after generating a solution
(Bowden & Jung-Beeman, 2003a; Danek, Fraps, von M€uller, Grothe, & €Ollinger,
2014a; Danek, Wiley, & €Ollinger, 2016; Salvi, Collier, Bricolo, Kounios, &
Beeman, 2012). However, there are few studies measuring differences in aha
experiences before and after feedback in the same individual (Kizilirmak,
Wiegmann, & Richardson-klavehn, 2016; Rothmaler et al., 2017). Further, there
are no data (to our knowledge) regarding whether insight phenomenology,
that is the subjective components of the insight experience such as feelings
of surprise, impasse, and pleasure, are altered by the presentation of the cor-
rect solution (which we term “solution feedback”). By measuring insight phe-
nomenology before and after presentation of the correct solution in a
comprehensive range of problems, we systematically map the structure of
insight phenomenology and how it changes across problem type, solution
accuracy, feedback, and error.

The aha experience

Self-reports of aha experiences have become a standard behavioural
measure to indicate when a problem has been solved through insight
(Aziz-Zadeh, Kaplan, & Iacoboni, 2009; Bowden, 1997; Danek & Wiley, 2017;
Jung-Beeman et al., 2004; Laukkonen & Tangen, 2018; Morrison, McCarthy,
& Molony, 2017; Salvi, Bricolo, Bowden, Kounios, & Beeman, 2016). Some
studies use self-reports of aha experience to analyse potential differences in
neural networks underlying the problem solving process (e.g., Bowden &
Jung-Beeman, 2003a; Kounios et al., 2006; Luo et al., 2004). The differences
found in these studies would lend support to the notion that the aha expe-
rience is supported by unique neural mechanisms. However, some research-
ers consider an aha experience to be a mere epiphenomenon of the
process of insight itself (Chuderski & JastrzeRbski, 2017; Klein & Jarosz, 2011;
Sandk€uhler & Bhattacharya, 2011; Weisberg, 2014) and argue that insight is
fundamentally a cognitive restructuring of a problem space, which may or
may not give rise to an aha experience. Consequently, presentation of
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feedback may result in the same experience of insight as self-generating a
solution if the same type of cognitive restructuring occurs.

Not only is there debate regarding whether the aha experience is the best
indicator of the occurrence of insight, but there is also debate as to whether
an aha experience is dissociable from other emotions elicited during a moment
of insight. For example, Topolinksi and Reber (2010) consider an aha experi-
ence to be the result of sudden changes in processing fluency and that the
suddenness of the change, coupled with pleasure and confidence, create the
emergent aha moment. Recent attempts to distinguish between analytic and
insightful processes have used a number of different biomarkers, such as neu-
ral correlates using EEG and fMRI paradigms (for recent reviews see Dietrich &
Kanso, 2010; WangBing Shen, Luo, Liu, & Yuan, 2013; Sprugnoli et al., 2017), as
well as eye tracking (Ellis, 2012; Huang, 2017; Knoblich, Ohlsson, & Raney, 2001;
Salvi, 2013; Salvi, Bricolo, Franconeri, Kounios, & Beeman, 2015), heart rate (Hill
& Kemp, 2016a), and grip strength (Laukkonen, Ingledew, & Tangen, 2017).
Rothmaler et al. measured EEG during self-generated (intrinsic) and experi-
menter-generated (extrinsic) aha experiences. In a similar manner to Bowden
and Jung-Beeman (2003a), Rothmaler et al. classified insight and analytical
responses on the basis of participant report and found that insight problems
were solved with a shorter response time than analytic solutions. This was true
for both intrinsically generated and extrinsically provided solutions. However,
intrinsically and extrinsically generated solutions differed in terms of EEG alpha
power preceding the solution. Rothmaler et al. also found higher alpha power
for insightful than for analytic solutions within intrinsically generated solutions,
but less alpha power prior to insightful than prior to analytic solution in
extrinsically generated solutions. While these neural studies indicate that
insight is perhaps unique from non-insight, they generally do not attempt to
dissociate aha experiences from other emotions (Wangbing Shen, Yuan, Liu, &
Luo, 2015). Yet, the experience of aha may co-occur with a number of other
affect components (Danek et al., 2014a; Wangbing Shen et al., 2015).

A vignette commonly used to describe an aha experience (Jung-Beeman
et al., 2004, p. 507), demonstrates the intertwining of many possible com-
ponents of insight, such as surprise and pleasure:

A feeling of insight is a kind of “Aha!” characterized by suddenness and
obviousness. You may not be sure how you came up with the answer, but are
relatively confident that it is correct without having to mentally check it. It is
as though the answer came into mind all at once—when you first thought of
[the answer], you simply knew it was the answer. This feeling does not have to
be overwhelming, but should resemble what was just described.

Several qualitative studies emphasise the complexity of an insight experi-
ence (Danek et al., 2014a; Danek & Wiley, 2017; Gick & Lockhart, 1995; Hill &
Kemp, 2016b; Jarman, 2014; Ovington et al., 2015; Wangbing Shen et al.,
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2015). Suddenness, certainty, and pleasure (and displeasure, see Hill & Kemp,
2016b) have been identified as components of insight phenomenology
through a number of diverse methods and samples. Jarman (2014) described
the sudden restructuring experience, referring to rapid changes in the problem
perception, and the radicality, or originality, of an insight experience. Jarman
noted that these reflected hedonic tone (relief, satisfaction, and pleasure).
Likewise, Shen et al. (2015) asked participants to describe their emotions at
the moment of generating a solution. These authors found that happiness
and certainty were most commonly associated with insight. This sense of
pleasure and certainty is similarly assessed in Danek et al. (2014a; 2014b).
Danek et al. (2014a, 2014b) presented participants with a series of magic tricks
and asked them to rate the affective components of pleasure, surprise, confi-
dence, impasse, and suddenness during their aha experience on visual ana-
logue scales. Participants were also asked to describe the aha moments they
might have experienced while watching the magic tricks. The most common
categories of response were: restructuring (perceiving the problem in a new
way) and elaboration (a crucial detail is detected in the problem presentation,
and the solution is subsequently found). Participants reported feeling happy,
relieved, and proud upon successfully finding a solution.

Eliciting an aha experience in the lab

An insight problem is a task designed to create an initial misrepresentation
of the problem, through suggestive wording, manipulation of assumptions,
use of unusual uses of a word or object (see Gick & Lockhart, 1995). The ini-
tial misrepresentation creates a problem that seems impossible to solve
until a restructuring of the problem (i.e., a reinterpretation of what the
problem is asking, realising a critical detail that was previously overlooked,
or otherwise any change in the way one approaches solving the problem)
has occurred. Restructuring is a common mechanism proposed to underlie
the process of insight (Ohlsson, 1984; Weisberg, 1995). Restructuring is
thought to evoke a feeling of sudden clarity and, presumably, an aha expe-
rience. Several types of problems have been used to evoke problem
restructuring and insight.

Classic problems

Cunningham et al. (2009) dubbed the riddle-like vignettes and puzzles cate-
gorised in the works of Weisberg (1995), among others (Metcalfe & Wiebe,
1987; Sternberg & Davidson, 1995), as “classic insight problems”. An exam-
ple of a commonly used classic insight problem is the Triangle of Coins puz-
zle (DeBono, 1967; Isaak & Just, 1995; Metcalfe, 1986; Schooler & Melcher,
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1995), see Figure 1. The task is to make the triangle point downwards, mov-
ing only three coins.

The assumption that creates the initial misrepresentation is that the
three coins move in a block. However, when the three coins are moved in a
block, the problem seems impossible. When a problem solver realises that
the coins can move independently, and to different places, the solution
becomes easily realisable (see Supplementary materials for the solution).

By contrast, an example of a classic non-insight problem is the Police
problem (e.g., Schooler, Ohlsson, & Brooks, 1993; Wieth & Burns, 2000),
which is a logic puzzle:

The police were convinced that either A, B, C, or D had committed a crime.
Each of the suspects, in turn, made a statement, but only one of the four
statements was true.

A said, “I didn’t do it.”

B said, “A is lying.”

C said, “B is lying.”

D said, “B did it.”

Who is telling the truth? and

Who committed the crime?

The solution can be deduced in a simple, step like manner (see
Supplementary Material A). Crucially, however, it is possible to solve either the
Triangle of Coins or the Police problem or both with either feelings of insight

Figure 1. Triangle of coins problem, originally in deBono (1967).
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or, alternatively, a sense of incrementally deducing a solution. There is noth-
ing mandated by the structure of the problem itself that necessitates it to be
solved either with or without insight. For example, in the Police problem, a
problem solver may struggle with the problem until they realise that the
problem dictates that only one of the four statements is true rather than false.
This sudden realisation of the problem constraints may cause feelings of
insight. In juxtaposition, a simple trial and error method may be used to solve
the triangle of coins problem, without any sensation of insight. We argue that
that the distinction between classic insight and classic non-insight problems is
somewhat artificial in this regard (e.g., Webb, Little, & Cropper, 2016).

Bowden, Jung-Beeman, Fleck, and Kounios (2005) outline a number of
further issues in the use of classic problems: (1) there are a limited number
of problem solving tasks, (2) the tasks are time consuming, and (3) there
are differences in the structure of the problems both within and between
categories (e.g., problems might be spatial, verbal, or mathematical). To get
around these issues, recent research has trended towards using simpler
problems, which are solvable in one move, and categorising insight versus
non-insight solutions according to whether or not the participant had a
subjective experience of insight.

Compound remote associates

The most common task currently used to investigate insight is a short ver-
bal problem in which three remotely associated words are presented to the
participant. The participant must find the fourth word that makes the asso-
ciations clear (e.g., rabbit, cloud, and milk are linked with white). The remote
associates task was originally developed by Mednick (Mednick, 1962), but
modified by Bowden and Jung-Beeman (Bowden & Jung-Beeman, 2003b),
who used words for which a fourth word could be combined to create dif-
ferent compound words with the three presented words (e.g., wise, tower,
and work combine with clock). Bowden and Jung-Beeman termed this task
the compound remote associates task and presented normative data regard-
ing solution rates and reaction times (Ball & Stevens, 2009; Bowden & Jung-
Beeman, 2003a; Chein & Weisberg, 2014; Cranford & Moss, 2012; Morrison
et al., 2017; Steenburgh, 2011). Compound remote associates have been
translated and adapted into various languages, including Chinese
(Wangbing Shen et al., 2015), German (Kizilirmak et al., 2016; Rothmaler
et al., 2017), Italian (Salvi, Costantini, Bricolo, Perugini, & Beeman, 2016) and
Dutch (Chermahini, Hickendorff, & Hommel, 2012).

In the present paper, we contrast classic insight and classic non-insight
problems with compound remote associates in order to investigate the
phenomenology of insight both before and after feedback for each of these
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problems. We note, however, that other problems have also been applied
to the study of insight including: magic tricks (Danek et al., 2014b; Danek &
Wiley, 2017; Hedne, Norman, & Metcalfe, 2016), matchstick arithmetic
(Knoblich, Ohlsson, Haider, & Rhenius, 1999), ambiguous sentence compre-
hension (Auble, Franks, & Soraci, 1979; Luo & Knoblich, 2007), and visual
images (Kizilirmak, Galvao Gomes da Silva, Imamoglu, & Richardson-
Klavehn, 2015; Schooler et al., 1993; see Webb, Little, & Cropper, 2017 for a
table presenting a comprehensive list of these problems).

Measuring an insight experience

There are a multitude of methods for measuring insight. Historically,
one objective measure has been to examine whether an insight prob-
lem is solved accurately (Cunningham et al., 2009; Sternberg &
Davidson, 1995). However, there is evidence that non-insight problems
can also be solved with feelings of insight (Davidson, 1995; Webb et al.,
2016) and that insight problems can be solved without feelings of
insight (Danek & Wiley, 2017; Danek et al., 2016; Davidson, 1995; Webb
et al., 2016). The general idea is that an insightful or analytic process
does not depend upon the problem itself but rather the sudden restruc-
turing of understanding and subsequent ease of processing the prob-
lem, that often (but not always) occurs as a result of finding the
solution to an insight problem (see Fleck & Weisberg, 2013; Topolinski &
Reber, 2010; Weisberg, 1995 for a discussion on this topic). Thus, self-
report methods are commonly used to categorise whether insight has
occurred in a task on a trial-by-trial basis (e.g., Bowden, 1997; Bowden &
Jung-Beeman, 2003a; Danek & Wiley, 2017).

Although accuracy is associated with insight, it is not necessary for the
experience: Danek and Wiley (2017) investigated the strength of various
components of insight phenomenology (i.e., global aha rating, as well as
pleasure, surprise, suddenness, relief, certainty, and drive) in correctly
answered and incorrectly answered problems. Danek and Wiley found
strong aha experiences in both and showed that similar components of
the aha experience predicted aha ratings in both (i.e., pleasure, sudden-
ness, and certainty predict correct solutions and incorrect solutions alike).
On average, correct solutions were rated as more pleasant, more sudden,
and were given higher ratings of certainty, compared to incorrect solu-
tions. This may reflect some knowledge that the self-generated solution
was incorrect even though participants did not receive feedback regard-
ing solution accuracy. Ratings of aha experience may have increased fol-
lowing corrective feedback; however, this question remains to
be answered.
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Intrinsic “Aha!” vs. Extrinsic “Oh Yes”

A number of behavioural and neuroimaging experiments investigating
insight problem solving are based on the assumption that solutions pre-
sented to participants during the experiment trigger similar processes as
self-generated solutions (Auble et al., 1979; Bowden & Jung-Beeman, 2003a;
Luo & Niki, 2003; Mai, Luo, Wu, & Luo, 2004; Wangbing Shen et al., 2015).
Luo, Niki, and Phillips (2004) investigated the neural correlates (fMRI) of aha
experiences using sentence comprehension tasks. Participants first
attempted to solve ambiguous sentences for eight seconds, then indicated
whether or not they were able to understand and finally were presented
with the solution. An aha event was scored when an initial misunderstand-
ing of a sentence suddenly changed to understanding when the solution
was presented. A non-aha event was scored if the participant obtained
understanding of the sentence before the solution was presented. The dif-
ferences in BOLD activity in aha events and non-aha events were measured,
with aha events associated with activity in the Anterior Cingulate Cortex
and the left Lateral Prefrontal Cortex. However, no self-report data on the
aha experience were collected. Consequently, it is unknown whether the
subjective extrinsic (experimenter-generated) phenomenon was actually dif-
ferent from the intrinsic (self-generated) experience.

In contrast, Bowden and Jung-Beeman (2003a) used self-report ratings of
aha experiences on a trial-by-trial basis, first presenting participants with a
compound remote associate task for seven seconds, then a target word
(which was the solution on 50% of trials). Participants indicated (a) whether
the target word was the solution and (b) whether their result was arrived at
by insight. Participants indicated insight experiences on trials where solu-
tion priming was greatest (naming latency for target word minus naming
latency for unrelated word). However, there were insufficient data to differ-
entiate between participant-generated solutions and experimenter-pro-
duced solutions (i.e., only 20% of participants were able to generate a
solution within the seven second time limit).

The question of whether externally generated solutions (e.g., hints and
solution feedback) generate similar processes (and insight affect) to inter-
nally-generated solutions has generated recent interest (Kizilirmak et al.,
2015, 2016; Kounios et al., 2006; Mori, 1996; Rothmaler et al., 2017). Mori
(1996) compared the strength of aha experiences in solutions of Tsume-
Shogi problems (the shogi equivalent of a chess mate problem) for experi-
ment- and self-generated solutions. Participants first listed possible correct sol-
utions to a series of problems and were then asked to estimate the strength
of their aha experience for the first correct move in the sequence. Mori found
that self-generated solutions generated stronger aha experiences than experi-
menter-generated solutions. Moreover, the longer the time that a participant

THINKING & REASONING 331



had to dwell on possible solutions before the correct solution was presented,
the stronger the rating of aha. However, the Tsume-Shogi problems used by
Mori are unusual in the insight literature and may not be directly comparable
to the more typically used classic insight problems, compound remote associ-
ates, or anagrams. Further, Mori did not investigate what the strength of the
aha experience might be like before the solution was provided to the partici-
pant so was unable to investigate the leap in insight. Hence, a direct investi-
gation before and after feedback is necessary.

Self- and experimenter-generated solutions were also investigated by
Durso, Rea, and Dayton (1994). Participants were given a riddle, and asked
to provide relatedness judgments on pairings of words related to the riddle.
These terms where: related to the riddle question itself, related to the solu-
tion of the riddle, and related to the riddle context. Durso et al. created
concept maps of these pairings, comparing participants who successfully
generated the solution to the riddle to participants who did not solve the
riddle but rather were shown the solution. The two groups produced quali-
tatively different concept maps, implying different processes from internally
and externally generated solutions.

More recently, Kizilirmak et al. (2016) investigated the proportion of aha
experiences before and after solution feedback. The authors presented partici-
pants with a series of compound remote associates, varying feedback across
three conditions: (1) when a problem solver had generated the solution (cor-
rectly), (2) when a problem solver had failed to generate the solution and was
given solution feedback, and (3) in a read-only condition, where problem solv-
ers did not attempt to solve the problem but were presented with problem
and solution together. A greater proprotion of participants correctly gener-
ated a solution with an aha experience (M¼ .24) than without (M¼ .21).
However, there was a greater difference between those who failed to gener-
ate a solution but were provided with the answer and who reported having
an aha experience (M¼ .41) compared to those who also did not generate a
solution and were given feedback but did not report an aha experience
(M¼ .14). This suggests that experimenter-induced insight may produce larger
feelings of aha than self-induced insight, possibly as a consequence of greater
feelings of impasse, and thus a greater degree of restructuring.

The current study addresses this question by investigating the strength
of aha experience before and after feedback across problem types, condi-
tional on accuracy; we test both classic insight and classic non-insight prob-
lems along with compound remote associates. Consequently, we can assess
the strength of insight across different problem types. This is important as
many theories regarding insight were developed using only classic insight
problems. Further, while Kizilirmak et al. (2016) investigated both aha expe-
riences and pleasure, suddenness and surprise are arguably critical
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components of an insight experience (Gick & Lockhart, 1995; Topolinski &
Reber, 2010). Since Kizilirmak et al. (2016) only asked the binary question of
whether insight was experienced or not, it is unknown whether these com-
ponents of insight differ in strength between the self-generated experience
and the experimenter-generated experience. That is, do the experiences
after feedback truly reflect an “aha” moment or are these experiences
reflecting something which might be better characterised as an “oh yes”
moment (Rothmaler et al., 2017; Steffensen, 2013)? We address this ques-
tion by querying the participant about their experience on each of these
components, both before and after solution feedback (i.e., presentation of
the correct solution), and by analysing the relationships between these
components for both correct and incorrect solutions.

Participants first attempted to solve the problems presented to them and
were asked to rate their aha experience alongside other insight-related affect:
pleasure, surprise, and impasse. Participants were then presented with the
correct solution to the problem (regardless of initial solution accuracy) and
asked to rate their aha experience a second time. Since insight problems are
designed to elicit restructuring and insight phenomenology, we anticipate
that insight problems (i.e., classic insight problems and compound remote
associates) will elicit significantly higher ratings of insight-related affect (i.e.,
aha, surprise, pleasure, and impasse) compared to non-insight problems. If it
follows that a correctly solved insight problem elicits an aha experience
through restructuring, then ratings of aha experience should be modulated
by accuracy: Correctly solved problems will elicit higher ratings of aha experi-
ence compared to incorrectly solved problems. Presentation of a correct solu-
tion should then elicit equivalent ratings of aha experience for solutions that
were both (a) generated incorrectly, and (b) generated correctly. In our pre-
vious work, and consistent with the wider literature, we have found that accu-
racy on insight problems is typically low. Consequently, we expect that the
solution feedback will trigger the restructuring-process, and consequently
lead to increased ratings of insight (aha, surprise, pleasure, impasse) on
insight-type problems but not on non-insight problems.

The current studies

In two studies, we asked participants to rate: their aha experience, their
feeling of pleasure in the answer, their surprise in the solution, and their
sense of feeling stuck (impasse) both after attempting to generate a solu-
tion and after the correct solution to a problem is presented. Three prob-
lem types were presented: Classic insight problems, compound remote
associates, and classic non-insight problems. We investigated insight phe-
nomenology across the three problem types in both studies. Participants
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also responded to a number of questionnaires to examine individual differ-
ences. These measures of individual differences are reported elsewhere in
follow-up studies of the same sample (Webb, Little, Cropper, & Roze, 2017).

In the first part of our analysis, we focus our investigations on ratings of
aha experience conditional on whether or not each participant solved the
problem correctly, comparing the ratings before and after presentation of
the solution (a.k.a. feedback regarding the accuracy of the solution). Note:
for ease of fluency, we use the term “feedback” to refer to “presentation of
the correct solution” in subsequent results and discussion sections.

In the second part of our analysis, we generalise our consideration to the
other components of insight-related affect measured (i.e., pleasure, surprise,
and impasse), again comparing before and after feedback conditional
on accuracy.

General Method

Participants

In Study 1, University of Melbourne students (N¼ 129: 41 male, age range,
17–45, mean, 19.06) completed the study online for course credit. Twelve
participants were removed for failing to achieve more than 20% accuracy
across all tasks (i.e., across insight, non-insight, and compound remote asso-
ciate combined), leaving N¼ 117. Participants were allocated 120minutes
to complete the study. In Study 2, a new sample of 97 participants (23
male, age range 17–54, mean, 19.86) was recruited. Nine participants were
removed for failing to achieve more than 20% accuracy across the tasks;
however, because of a technical error, a number of participants did not
complete the compound remote associates task. These participants were
removed from the analysis of the compound remote associates only (final
N¼ 88, compound remote associate complete N¼ 79). Finally, responses
that were left blank by participants (participants failed to generate a
response) were omitted from analyses.1

Materials

Problem solving
In both Studies 1 and 2, a mixture of classic insight problems, non-insight
problems, and compound remote associates (Bowden & Jung-Beeman,
2003b) were used to investigate problem solving. Accuracy and response

1Note: When these null response trials were included as errors we found that the direction and
significance of effects were largely maintained. However, there were some differences in the
relationships between components of insight affect (i.e., aha, pleasure, surprise, impasse): We have
included the analyses of the unfiltered data in the Appendix, and discuss further in the text.
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time were recorded. The structure of each problem type is outlined below
and specific examples are given in the Supplementary materials.

Classic problems
We used five classic insight and five non-insight problems that were drawn
from the existing insight problem solving literature (Gilhooly & Murphy,
2005; Schooler & Melcher, 1995) and classified as insight or non-insight
according to their previous use. Participants were given 240 seconds to
solve each problem. Insight problems were: the Antique Coin problem,
Triangle of Coins, the Egg timer problem, the socks problem, and water lil-
ies problem; non-insight problems were: the card problem, Luchins’ water
jug, the trace problem, the dinner problem, and the police problem.
Problems and solutions of the five classic insight and non-insight problems
are presented in the Supplementary material.

In Study 2, we updated three of the classic insight problems (Triangle of
Coins, Socks, and the Egg Timer problem), and one of the non-insight prob-
lems (Trace) based on the results of Webb, Little, and Cropper (2017). We
replaced the above problems with other classic problems (insight: 10 trees,
Pigpen and the Marrying Man, non-insight: Heavy-light Coins).

Compound remote associates
Compound remote associates were pseudo-randomly drawn from a norma-
tive dataset (Bowden & Jung-Beeman, 2003b). We ranked problems in terms
of solution rates and pseudo-randomly chose five questions from each
quantile ensuring that the solutions were likely to be familiar words and
not duplicated across problems. Participants were given 30 seconds per
problem, with five practice questions preceding the set. As the compound
remote associates were already selected on normative data, they remained
the same in Study 1 and Study 2.

Procedure

The presentation of questionnaire sets and problem-solving sets were rand-
omised across participants to avoid order effects. There were two problem-
solving sets: a set of compound remote associates (25 trials) in one, and the
ten classic problems (five insight, five non-insight) randomly interleaved in
the second. Participants did not know whether the problem was designed
as an insight or non-insight problem.

Prior to each problem-solving set, participants were given the following
vignette describing insight experiences (drawn from Danek et al., 2014b):

We would also like to know whether you experienced a feeling of insight
when you solve each task: A feeling of insight is a kind of “Aha!”
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characterised by suddenness and obviousness (and often relief!) - like a
revelation. You are relatively confident that your solution is correct without
having to check it. In contrast, you experienced no Aha! if the solution
occurs to you slowly and stepwise. As an example, imagine a light bulb that
is switched on all at once in contrast to slowly dimming it up. We ask for
your subjective rating whether it felt like an Aha! experience or not, there is
no right or wrong answer. Just follow your intuition.

After providing an answer to the problem, participants rated five feelings
of insight-related affect on a visual analogue scale (range = 0–100). These
were aha experience, confidence, surprise, pleasure, and impasse. The rat-
ings and questions were adapted from Danek et al. (2014a). Participants
responded to the following questions after each problem-solving attempt:
(1) “How certain are you that your answer is correct?” (Confidence: ratings
from not sure at all - very sure), (2) “Did you have a feeling of aha in your
answer?” (Aha: ratings from no feeling of aha-very strong feeling of aha), (3)
“When you found the solution, did it feel pleasant or unpleasant?”
(Pleasure: ratings from very unpleasant-highly pleasant), (4) “Did the answer
surprise you?” (Surprise: ratings from Not surprising at all-very surprising),
(5) “Before you realised the answer, did you feel stuck?” (Impasse: ratings
from I did not feel stuck at all-I was very stuck).

Participants were then presented with the correct solution to the prob-
lem and asked to respond again to the same descriptions of insight-related
affect (Figure 2 for presentation schedule). Participants were not asked to
rate confidence after feedback, as they were informed that the provided
solution was the correct answer.

Questionnaires
In Study 1, participants were also presented with a series of individual dif-
ferences measures. The questionnaires used included: Raven’s (1985)
Advanced Progressive Matrices, the Oxford-Liverpool Inventory of Feelings and
Experiences (O-LIFE; Mason & Claridge, 2006), a verbal fluency measure
Lezak (2004), and the Alternative Uses Task (Guildford, Christensen,
Merrifield, & Wilson, 1978). In Study 2, we removed the O-LIFE scale and

Figure 2. Example trial of classic insight problem solving procedure with problem
presentation, insight ratings, and ratings with solution.
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added the Dispositional Insight Scale (Ovington, 2016) and the mini-IPIP
(Donnellan, Oswald, Baird, & Lucas, 2006).

Data analysis

We compared ratings of aha experience across problem types before and after
feedback with the data conditioned on solution accuracy (Figure 3 for compari-
son of terms). This was done first with a three-way multilevel regression
(Jaeger, 2008) with the factors: feedback (before vs. after the correct solution
was presented), solution accuracy (correct vs. incorrect), and problem type
(classic insight, classic non-insight, compound remote associate). We then fur-
ther investigated with a series of two-way multilevel models with factors: feed-
back (before vs. after) and solution accuracy (correct vs. incorrect) within each
problem type. These models were conducted using the lmerTest package
(Kuznetsova, Brockhoff, & Christensen, 2018) in R Studio (2018), with effect sizes
calculated using Navarro’s (2015) lsr package, and etaSquared function.

Secondly, we explored the relationships between the components of
insight-related affect through correlations before and after feedback sepa-
rately for correct and incorrect problems. Because each problem task could
result in a solution that was either correctly or incorrectly generated, and
there were ratings of insight phenomenology for each task, we analysed
the data by observations rather than by participants. (Note: We extend the
investigation of feedback and accuracy on each component of insight affect
through multivariate regression analyses. These analyses are presented in
the Supplementary materials.)

Figure 3. Terms used to describe solution accuracy and feedback.
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Results

Descriptive statistics of performance accuracy and insight ratings for both Study
1 and Study 2 are displayed in Table 1. For those instances in which the solu-
tion was generated incorrectly (solution accuracy = 0), we observed that ratings
of aha, surprise, and pleasure increase from before feedback to after feedback
across problem types, in both Study 1 and Study 2, whereas ratings of impasse
decrease. In contrast, in those instances in which the solution was generated
correctly (solution accuracy = 1), aha experiences decreased after feedback

Table 1. Means and standard deviations for accuracy and insight affect for classic
insight and non-insight problems, and for compound remote associates (Compound
remote associates) before and after feedback was presented.

Study 1 Study 2

Before
feedback

MD

After
feedback

Before
feedback

MD

After
feedback

Accuracy M SD M SD M SD M SD

Classic insight problems 0.51
Aha 0 29.58 26.86 36.00 65.58 30.28 33.04 28.90 36.57 69.61 29.75

1 59.32 29.30 11.94 47.38 29.90 67.33 26.72 2.31 65.02 30.61
Certainty 0 32.64 31.95 32.64 32.32 32.60 32.32

1 80.57 26.12 80.57 80.57 26.12 80.57
Impasse 0 62.33 28.73 1.02 63.35 26.96 66.13 27.36 1.66 67.79 27.50

1 45.02 27.29 18.77 26.25 25.62 45.67 27.91 19.26 26.41 27.34
Surprise 0 41.46 22.98 16.24 57.70 27.18 42.70 22.69 25.03 67.73 28.19

1 41.84 24.26 3.61 38.23 28.68 47.68 26.75 4.98 42.70 30.92
Pleasure 0 40.61 25.85 12.92 53.53 28.95 45.37 24.33 15.4 60.77 29.72

1 67.71 19.72 0.01 67.70 19.56 72.51 20.82 6.36 78.87 19.50
Compound remote associates 0.37
Aha 0 24.73 22.70 36.05 60.78 29.67 27.31 27.00 42.11 69.42 26.19

1 63.13 28.73 8.29 54.84 32.49 67.66 27.82 6.81 60.85 31.35
Certainty 0 19.87 22.91 23.30 27.76

1 82.98 23.87 85.35 22.60
Impasse 0 72.59 23.68 6.14 66.45 25.33 73.17 24.36 8.25 64.92 25.21

1 30.90 27.53 15.69 15.21 20.74 30.13 27.95 14.71 15.42 20.34
Surprise 0 44.66 20.98 16.92 61.58 23.96 46.25 24.31 14.4 60.65 25.33

1 35.10 24.54 7.95 27.15 25.67 35.69 24.45 9.28 26.41 25.10
Pleasure 0 35.47 20.53 14.23 49.70 25.38 38.33 24.41 16.95 55.28 26.83

1 69.63 20.26 2.89 72.52 20.01 73.76 19.75 3.55 77.31 19.46
Non-insight problems 0.54
Aha 0 32.81 26.02 12.21 45.02 30.89 36.74 27.79 16.18 52.92 32.40

1 44.05 30.69 2.78 41.27 30.68 46.25 28.47 5.36 51.61 30.30
Certainty 0 40.14 32.42 40.14 42.23 33.89 42.23

1 77.80 23.02 77.8 74.41 25.89 74.41
Impasse 0 61.02 27.47 1.23 62.25 28.42 62.53 30.34 8.66 53.87 32.16

1 35.35 26.36 16.23 19.12 23.56 34.26 24.65 17.38 16.88 21.24
Surprise 0 39.39 19.68 19.08 58.47 27.32 40.67 21.70 15.69 56.36 29.21

1 34.31 24.50 8.18 26.13 25.19 37.68 23.76 10.17 27.51 25.93
Pleasure 0 46.30 20.65 5.35 40.95 26.61 45.63 24.47 0.18 45.81 28.55

1 61.61 20.84 2.70 64.31 23.92 65.08 20.55 6.22 71.30 20.67

MD: absolute mean difference (between before feedback and after feedback); Accuracy 1¼ correctly
generated solution; 0¼ incorrectly generated solution (Note: in the row indicating the problem type
name, Accuracy: proportion of problems correctly solved).
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across studies in insight type problems (classic insight problems and compound
remote associates): ratings of aha experience also decreased after feedback in
non-insight problems in Study 1, but this was not replicated in Study 2.
Surprise decreased consistently across problem types, in both studies, whereas
pleasure consistently increased across problem types, in both studies.

As an aha experience is a commonly used behavioural marker for insight
phenomenology, we focus on reporting this construct in the text.
Comparisons of the way that feedback and solution accuracy predict other
components of insight phenomenology are presented as multivariate
regression analyses in Supplementary materials.

Differences in aha experience before and after feedback
conditional on accuracy

Study 1

We investigated whether the ratings of aha experience differed according
to problem type and solution accuracy (whether the solution generated by
participants was correct or incorrect), and also whether feedback (presenta-
tion of correct solution) increased aha ratings. Average aha ratings condi-
tional on feedback and accuracy for each problem type are shown in Figure
4. In order to investigate responses conditional on accuracy, the data were
analysed as multilevel model with problem type, feedback, and accuracy as

Figure 4. Averaged ratings of aha experience before and after feedback conditional
on solution accuracy across problem types. The graphs are from Studies 1 and 2,
with Study 1: (a) insight problems, (b) compound remote associates, (c) non-insight
problems, and Study 2: (d) insight problems, (e) compound remote associates,
(f) non-insight problems. Error bars are 95% confidence intervals.
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factors with a randomly varying intercept for each subject, which uses a
Satterthwaite approximation for the degrees of freedom.2

The model indicated a significant main effect of problem type,
t(1107.6)¼ 2.016, b¼�3.17, p¼ .04, likely due to the overall lower ratings
on non-insight problems (M¼ 40.65, SD = 26.85) compared to classic
insight problems (M¼ 51.64, SD = 27.12) and CRAs (M¼ 51.66, SD = 26.17).
There were also main effects of accuracy, t(1113.90)¼ 3.64, b¼ 17.76,
p< .001, and feedback, t(1099.80)¼ 5.044, b¼ 24.64, p< .001. It is clear
from the figure that there was a larger difference in aha ratings between
correct and incorrect ratings before feedback than after feedback; this is
supported by a significant feedback� accuracy interaction,
t(1099.80)¼ 4.87, b¼�33.47, p< .001. There was also an interaction
between problem type and accuracy largely due to the lower ratings for
correct non-insight problems, t(1108.10)¼ 2.23, b¼ 4.93, p¼ .03. Neither
the problem type� feedback (p¼ .21) nor the three-way interactions
(p¼ .52) were significant. The standard deviation of the intercept across
subjects was 8.93. We present the data for the follow-up multilevel analyses
within each problem type in Table 2.

As illustrated in Figure 4(a), classic insight problems increase and
decrease conditional on both accuracy of the generated solution, and the
presence of feedback: Consistent with the findings of Danek and Wiley
(2017), in the absence of feedback, we found higher ratings of aha experi-
ence after correctly generated solutions compared to incorrectly generated
solutions (mean difference = 29.77, p< .001, Cohen’s d¼ 1.34). We also
found that, after feedback, correct solutions resulted in significantly lower
ratings of aha experience compared to incorrectly solved problems for clas-
sic insight problems (mean difference = 14.58, p< .001, Cohen’s d¼ .58).
Solutions that were correctly generated by participants significantly
decreased in ratings of aha experience from before to after feedback (mean
difference = 10.62, p< .001, Cohen’s d¼ 0.41), while problems that were
generated incorrectly increased after feedback (mean difference = 33.79,
p< .001, Cohen’s d¼ 1.56).

The same pattern of results (i.e., that correctly generated solutions
decreased in aha ratings after feedback, while incorrectly generated solu-
tions increased) was observed in compound remote associates. As in classic
insight problems, before feedback correctly generated solutions resulted in
significantly higher aha ratings compared to incorrect solutions (mean

2It is important to note that, as the degrees of freedom are calculated on observations, these will
alter across comparisons. For example, as can be seen in text, the degrees of freedom associated
with the main effect of accuracy is 1113.90, calculated with a Satterthwaite approximation, whereas
the degrees of freedom associated with feedback is 1099.80. Here, the number of items that were
answered correctly are not necessarily the same as the number of items that were provided
with feedback.
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difference = 39.53, p< .001, Cohen’s d¼ 2.21). After the correct solution
was presented to the participants, ratings of aha experiences were signifi-
cantly higher for incorrectly generated solutions compared to correctly gen-
erated solutions (mean difference = 8.10, p¼ .009 Cohen’s d¼ 0.34).
Comparing within-solution accuracy (i.e., correctly or incorrectly generated
solutions), we observed that aha ratings for correctly-generated solutions
decreased after feedback (mean difference = 8.78, p¼ .003 Cohen’s
d¼ 0.39), but ratings of aha experience for incorrectly generated solutions
significantly increased after solution feedback (mean difference = 38.84,
p< .001 Cohen’s d¼ 2.09). In both cases, this may reflect restructuring proc-
esses for the incorrectly generated solutions after feedback (i.e., an individ-
ual has an incorrect solution in their mind and restructures their
understanding when the solution has been presented). In the case of
decreased ratings of aha experience after solution feedback in correctly
generated solutions, this may reflect an “oh yes” feeling; there is neither
restructuring, nor surprise, as the solution was known; the known solution
is simply confirmed.

The pattern of results observed for non-insight problems was somewhat
distinct from insight type problems (classic insight problems and com-
pound remote associates). As in insight-type problems, before feedback,
correctly generated solutions resulted in significantly higher ratings of Aha
than incorrectly generated solutions (mean difference = 11.21, p¼ .005,
Cohen’s d¼ 0.43). There was also a significant increase in aha ratings after
feedback was presented to an incorrectly generated solution (mean differ-
ence = 12.81, p¼ .005, Cohen’s d¼ 0.46). This is again consistent with a
restructuring of the problem after corrective feedback has been provided
to an incorrectly generated solution. However, in non-insight problems, cor-
rectly generated solutions did not change in ratings of aha experience from
before to after feedback (mean difference = 2.58, p¼ .47, Cohen’s d¼ 0.10),
and there was no difference in between solutions that were originally cor-
rect versus incorrect after feedback (mean difference = 4.18, p¼ .31,
Cohen’s d¼ 0.15).

The results of the current study are consistent with those of Danek and
Wiley (2017) and Danek, Williams and Wiley (2018), who found higher rat-
ings of aha after correctly generated solutions (in the current study, we
believe this to be equivalent to the comparison between correct and incor-
rect solutions before feedback). We extend beyond the findings of Danek
and Wiley by comparing across problem types, and before and after the
presentation of the solution. Across problem types, we found that present-
ing the correct the solution to a problem (be that an insight-type problem,
or a non-insight type problem) resulted in higher ratings of aha
experiences.
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Study 2

The results of Study 2 largely replicated Study 1: the multilevel model indi-
cated a significant main effect of problem type, t(849.01)¼ 3.24, b¼�5.54,
p¼ .001, with lower average ratings on classic non-insight problems
(M¼ 47.16, SD = 26.63) compared to classic insight problems (M¼ 57.89,
SD = 28.17) and CRAs (M¼ 55.55, SD = 27.28). We again observed main
effects of accuracy, t(833.18)¼ 2.72, b¼ 15.08, p¼ .01, and feedback,
t(833.27)¼ 4.52, b¼ 23.94, p< .001, as well as a significant interaction
between both feedback and accuracy, t(833.18)¼ 2.84, b¼�22.14, p¼ .01,
and problem type and accuracy, t(840.08)¼ 2.85, b¼ 7.08, p¼ .004. There
were two differences: In Study 1, neither the problem type� feedback nor
the three-way interactions were significant, yet these were significant in
Study 2, with problem type� feedback, t(833.18)¼ 5.89, b¼ p¼ .02, and
the three -way interaction t(833.27)¼ 2.25, b¼�7.89, p¼ .02. The standard
deviation of the intercept across subjects was 9.22.

Investigation of the mean differences similarly demonstrated a compara-
ble pattern to Study 1: We found significantly higher ratings of aha experi-
ence after feedback had been presented for incorrectly generated solutions
(classic insight problems: mean difference = 35.68, p< .001, Cohen’s
d¼ 1.58, compound remote associates: mean difference = 46.86, p< .001,
Cohen’s d¼ 2.71; non-insight problems: mean difference = 19.41, p< .001,
Cohen’s d¼ 0.75). Thus, as in Study 1, generating a solution that was incor-
rect, and being subsequently presented with feedback resulted, in
increased ratings of aha experiences across problem types. In contrast,
being presented with the correct solution after generating the correct solu-
tion resulted in either a decrease in ratings of aha experience (as in the
case of compound remote associates: mean difference = 7.83, p< .001,
Cohen’s d¼ 0.36), or no change (as in the case of non-insight problems:
mean difference = 5.12, p¼ .21, Cohen’s d¼ 0.20, and classic insight prob-
lems: mean difference = 4.84, p¼ .28, Cohen’s d¼ 0.19. Here, we must note
one change from Study 1 to Study 2: that classic insight problems in Study
1 indicated a significant decrease in ratings of aha experience after solution
feedback had been given in initially correct responses).

Preliminary discussion

We observed interactions between feedback and accuracy on ratings of aha
experience across problem type. These effects were largely driven by
increases in aha ratings after solution feedback was presented to incorrectly
generated solutions; solutions that were correctly generated resulted in
either no changes, or in lower ratings of aha experience after feedback. This
finding was consistent across two studies, and is similarly consistent with
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recent research (e.g., Danek & Wiley, 2017; Kizilirmak et al., 2016; Rothmaler
et al., 2017). The findings of Rothmaler et al. (2017) are particularly relevant,
as Rothmaler et al. emphasise the difference between generating solutions,
and being presented with solutions, at both a beahvioural and neurophy-
siological level. The current results, however, go beyond previous findings
in three ways: (1) we have measured ratings of insight phenomenology
both before and after feedback, (2) we have used continuous ratings of aha
experience, enabling us to determine the strength of aha experience being
elicited, and (3) we have compared across problem types designed to elicit
insight (insight-type problems), and problem types that are not designed to
elicit insight (non-insight problems).

The decrease in ratings of aha experience for correctly solved problems
may reflect the sense of “Oh yes” (Rothmaler et al., 2017), or “of course!” in
cases when the answer is revealed after a correct solution of a problem
(and hence the decrease in ratings of insight in correctly solved problems
from before to after feedback) consistent with Mori (1996). In contrast, the
significant and substantial increase in ratings of aha experience after feed-
back in incorrectly generated solutions may provide instances of hypercor-
rection (Lodge & Cottrell, 2016; Metcalfe, Butterfield, Habeck, & Stern, 2012).
The increase in ratings of aha experience after corrective feedback is consis-
tent with representational change theories of insight, particularly as this is
an instance in which we have an indication there must be a sudden restruc-
ture, as the solution for the participant changes from the known miscon-
strued (“incorrect”) response generated by the participant, to the
experimenter-presented (“correct”) solution.

That we found an effect of feedback across problem types supports
arguments of the feeling of insight as independent from the problems used
to elicit it (Danek et al., 2016; Webb et al., 2016), and highlights the impor-
tance of participant self-report, until other more objective measures of
insight phenomenology are obtained.

In response to a reviewer request, we compared the differences in aha
between correctly solved problems prior to feedback and incorrectly solved
problems after feedback. We found no significant differences between aha
ratings in instances in which the participant generated the correct solution
but had not yet received feedback (correctly generated, before feedback)
compared to those ratings in which the participant had incorrectly solved
the problem and received feedback (incorrectly generated, after feedback).
The one, surprising, difference was that in Study 2, non-insight problems
that were incorrectly solved and had received feedback indicated higher
ratings of aha experience compared to correctly generated insight prob-
lems before feedback: t (122.30)¼ 2.06, p¼ .04, mean difference = 9.26,
Cohen’s d¼ 0.35. This may indicate the effect of restructuring in non-insight
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problems; however, as this effect was not consistently found, we do not
draw any strong conclusions here. Across problem types, the implication is
that, in most cases, there is no significant difference between the initial aha
experience when the answer is generated correctly, and an aha experience
when the answer is presented (as in Bowden & Jung-Beeman, 2003a).
However, given the findings of Rothmaler et al. (2017), and the finding in
Study 1 that classic insight problems have significantly higher aha ratings
after the presentation of the solution, these results need further replication,
and exploration beyond our behavioural data.

Relationships between components of insight before and
after feedback

In the first part of the results, we focussed on the aha experience, finding
that presentation of the solution altered ratings of aha experience contin-
gent on solution accuracy. What remains to be answered is how these vari-
ous affective components of insight (e.g., pleasure, surprise, and impasse)
might contribute to the experience of insight before and after feedback.
That is: is the phenomenology of the insight experience the same before
and after feedback? Moreover, how does this phenomenology vary as a
function of accuracy? In this section, we investigate how the components
of aha, surprise, pleasure and impasse affect one another, before and after
feedback is presented, conditional on accuracy.

We combined the data from Study 1 and Study 2 to conduct a series of
analyses investigating the effect of feedback and solution accuracy on com-
ponents of insight affect for each problem type. To visualize the relation-
ships, we plotted each variable (i.e., each component of insight affect)
against the other (Figures 5 and 6). To show the major trends, we estimated
the line of best fit and the standard error using beta regression (using the R
package betareg: Cribari-neto & Zeileis, 2010) as the data were on a 0 to
100 scale.

Classic insight problems

Relationships between components of insight phenomenology in classic
insight problems were of varying strength but predominately covaried in a
positive manner. These relationships are illustrated in Figures 5 and 6: Table
3 shows the Pearson correlations. (Note: Correctly generated solutions are
presented above the diagonal; incorrectly generated solutions are pre-
sented below the diagonal.)

In instances in which the solution was known (i.e., the solution was
either correctly generated and/or corrective feedback was given), ratings of
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aha experience increased with increasing ratings of both pleasure, and
impasse. In contrast, when the solution was incorrectly generated and no
corrective feedback was given, there was a negative relationship between
aha and impasse: impasse ratings increased while aha ratings decreased.
Generally, once the answer was known – whether it was self-generated or
experimenter-generated – increased aha experience was associated with
increased pleasure and surprise. The relationship between surprise and
other components of insight was particularly strong when data were inves-
tigated without filtering errors of omission (i.e., trials in which participants
did not give any response within the time limit). As these data are pertinent
to experimental paradigms in which no response can be given (i.e., the
problem is presented, and then the solution is presented, as in e.g., Qiu
et al., 2008; Xing, Zhang, & Zhang, 2012), we discuss some of these relation-
ships in the text, presenting these data in the Appendix (Tables A1, A2,
and A3).

Before feedback
Before feedback, ratings of aha experience were positively correlated with
both pleasure and surprise irrespective of accuracy. In correctly generated
solutions, aha experiences also positively covaried with ratings of impasse.

Figure 5. Scatterplots of insight-related affect across problem types. (Columns from
the left are: Classic insight problems, compound remote associate tasks, and classic
non-insight problems; rows from the top are pleasure, surprise, and impasse, com-
pared to aha experience). Lines are fit by beta regression, shading is standard error.
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For incorrectly generated solutions; however, the relationship between rat-
ings of aha experience and impasse switched to a negative relationship.
The relationship between impasse and pleasure was similarly negative in
incorrectly generated solutions (there was no relationship between ratings
of impasse and pleasure in correctly generated solutions before feedback).

Figure 6. Scatterplots of insight-related affect across problem types. (Columns from
the left are: Classic insight problems, compound remote associate tasks, and classic
non-insight problems; rows from the top are impasse compared to surprise, impasse
compared to pleasure, and pleasure compared to surprise). Lines are fit by beta
regression, shading is standard error.

Table 3. Classic insight problems: Correlations between components of insight
before and after feedback, conditional on accuracy for the combined data from
study 1 and study 2.

Before feedback After feedback

Aha Impasse Pleasure Surprise Aha Impasse Pleasure Surprise

Aha – 0.29��� 0.45��� 0.40��� – 0.34��� 0.33��� 0.37���
Impasse �0.15��� – �0.11�� 0.37��� 0.13��� – �0.10��� 0.40���
Pleasure 0.61��� �0.21��� 0.13��� 0.54��� 0.01 – �0.03
Surprise 0.24��� 0.26��� 0.21��� – 0.09 0.35��� 0.05 –

(N observations: before feedback, correct: 771 observations, before feedback, incorrect: 855, after
feedback, correct: 388, after feedback, incorrect: 462.)�p< .05, �� p< .01, ���, p< .001
Note: Above diagonal are correlations for correctly generated solutions; below diagonal are correla-
tions for incorrectly generated solutions.
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There were weak positive relationships between surprise and pleasure, in
both correctly generated and incorrectly generated solutions.

After feedback
Presentation of solution feedback resulted in largely the same pattern save
that impasse was positively correlated with aha ratings in both correctly
generated and incorrectly generated solutions. There were positive relation-
ships between aha and ratings of pleasure, and surprise, though surprise
was conditional on solution accuracy (surprise ratings in correctly generated
solutions were positively related with aha experiences). There were also
positive relationships between impasse and surprise, as before feedback.
However, after feedback the relationship between pleasure and impasse
was negative for correctly generated solutions, and non-significant for
incorrectly generated solutions.

Intuitively, when a participant generates a correct solution, feelings of
pleasure are high (this may reflect the component of relief discussed by
Gick and Lockhart, 1995, and by Danek and Wiley, 2017). Surprise and aha
experience are also high for correctly generated solutions, and an aha expe-
rience may depend upon some element of surprise. Importantly, when
including errors of omission, surprise had a moderately strong positive rela-
tionship with aha experience in solutions that had been incorrectly gener-
ated (incorrect), and been presented with the correct solution (after
feedback). This may indicate the importance of no knowledge, rather than
even guessed knowledge, in surprise and aha experience. When feedback is
presented (the correct solution is provided), impasse becomes a positive
correlate of both aha experience and pleasure, and sometimes accuracy:
When participants feel stuck and find the answer, they experience pleasure
and aha effects. For incorrectly generated solutions before feedback, the
feelings of impasse reduce the ratings of aha and pleasure, as they only
feel “stuck”.

Compound remote associates

Relationships between components of insight phenomenology ratings in
the solution of compound remote associates demonstrated similar trends
as classic insight problems (Figures 5 and 6). As in classic insight problems,
there were strong positive relationships between ratings of aha experience
and pleasure irrespective of accuracy and feedback (Table 4).

The positive relationship between aha experience and impasse, after
feedback, reflected the positive relationship found between the two in clas-
sic insight problems; however, before feedback, there were negative rela-
tionships between aha and impasse in both correct and incorrectly
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generated solutions. This may reflect distinct processes underlying the solu-
tion of compound remote associates compared to classic insight and non-
insight problems. It may also reflect the tendency of participants to solve
compound remote associates with few problem solving strategies that are
applicable other than searching for words and applying them (Cranford &
Moss, 2012).

Classic non-insight problems

As indicated in Figures 5 and 6, there were similar trends of relationships
between components of insight-related affect across both insight and non-
insight problem types. However, the strength of the relationships was not
as strong in non-insight problems compared to insight-type problems. We
observed positive relationships between aha experience and pleasure when
the solution is known (i.e., correctly generated solutions, and after feed-
back) across problem types (see Table 5). Also as in insight-type problems,
we observed a positive relationship between aha experiences and impasse
in correctly generated solutions. This relationship, alongside the positive
relationship between aha experiences and surprise, may indicate the
restructuring or reinterpretation of the question before determining
the answer.

An interesting distinction between problem types was that of aha experi-
ence and surprise in solutions that were incorrectly generated, and then
presented with the correct solution (after feedback): in classic insight prob-
lems, there was a positive relationship; in compound remote associates, we
observed no relationship; and in non-insight problems, we observed a neg-
ative relationship. It is possible that this reflects the differences between
problem types; that is, a lengthy attempt to solve classic insight problems,
and surprise and aha experience in the answer, a short attempt to solve
compound remote associates, and a sense of relief if not surprise in the
answer, and a lengthy attempt to step through non-insight problems, with

Table 4. Compound remote associates: Correlations between components of insight
before and after feedback, conditional on accuracy for the combined data from
study 1 and study 2.

Before feedback After feedback

Aha Impasse Pleasure Surprise Aha Impasse Pleasure Surprise

Aha – �0.38��� 0.64��� 0.06�� – 0.21� 0.38��� 0.24
Impasse –0.55��� – �0.45��� 0.43��� 0.00 – �0.25��� 0.64���
Pleasure 0.68��� �0.48��� – �0.06 0.52��� �0.37��� – �0.23���
Surprise 0.17��� 0.06��� 0.18��� – 0.00 0.55��� �0.22�� –

N observations: before feedback, correct: 1724, before feedback, incorrect: 1265, after feedback, cor-
rect: 1722, after feedback, incorrect: 1262.�p ¼.05, ��p ¼.01, ���p ¼.001.
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perhaps high surprise but low aha experiences (if for instance they had
interpreted the question incorrectly) in the answer.

Summary and discussion

We have assessed the relationship between components of insight across
different problem types, both before and after feedback. Investigating
across problems is important as many theories regarding insight were
developed using only classic insight problems. Indeed, the most classic
insight problems demonstrated the most typical phenomenological compo-
nents associated with insight (i.e., positive relationship between aha experi-
ence and surprise, pleasure, and impasse in correctly generated solutions in
all instances where the solution was known – either because the solution
was correctly generated, or feedback was given). While compound remote
associates demonstrated some similarities with classic insight problems
(e.g., relationships between pleasure and aha experience when the solution
is known, and between surprise and impasse), these were similar across all
problem types, including non-insight problems. These results raise the issue
of testing theories developed through the use of classic insight problems
with contemporary insight problems such as compound remote associates
since the nature of the experience of insight is not determined by the prob-
lem type (Webb et al., 2016).

Relationships between all components of insight-related affect

We found moderate to strong positive relationships between aha ratings
and ratings of pleasure across problem types, in instances where the solu-
tion was known (i.e., was correctly generated, or participants had received
corrective feedback). We also found moderate to strong relationships
between surprise and impasse across problem types, irrespective of

Table 5. Classic non-insight problems: Correlations between components of insight
before and after feedback, conditional on accuracy for the combined data from
study 1 and study 2.

Before feedback After feedback

Aha Impasse Pleasure Surprise Aha Impasse Pleasure Surprise

Aha – 0.16�� 0.32��� 0.32��� – 0.29��� 0.21��� 0.33���
Impasse 0.04 – �0.17�� 0.53��� �0.07 – �0.07 0.47���
Pleasure 0.10 �0.47��� – �0.16�� 0.59��� �0.09 – �0.05
Surprise 0.23�� 0.14� 0.40��� – �0.19�� 0.52��� �0.19�� –

N observations: before feedback, correct: 348 observations, before feedback, incorrect: 206, after
feedback, correct: 348, after feedback, incorrect: 462.)�p< .05, ��p< .01, ���p< .001.
Note: Above diagonal are correlations for correctly generated solutions; below diagonal are correla-
tions for incorrectly generated solutions
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solution accuracy or feedback. These findings make intuitive sense: A prob-
lem solver who feels stuck before solving the problem, and generates the
solution will rate impasse high (they felt stuck before the solution), and sur-
prise high (the solution was unexpected). Interestingly, one would expect
that this would then result in a feeling of pleasure and relief; however, after
feedback, there was no relationship between surprise and pleasure in clas-
sic insight problems and was negative for non-insight problems and com-
pound remote associates. This may reflect the “oh yes,” moment
(Rothmaler et al., 2017), or hindsight bias “I knew it all along” (e.g., Ash &
Wiley, 2008; M€uller & Stahlberg, 2007) when a participant feels they did or
should have known the answer. It may also reflect a “face-palm” moment
when a solver realises that they’ve been going down the wrong solution
path, such. The” oh yes” moment may also explain why the relationship
between ratings of aha and pleasure were weaker in instances where the
solution had been correctly generated after feedback compared to the rat-
ings before feedback. This is also supported the negative relationships
between pleasure and impasse in classic insight problems and compound
remote associates.

Instances in which the solutions were incorrectly generated, and before
the solution was presented (before feedback) are of interest for the possibil-
ity of “false” insights (e.g., Danek & Wiley, 2017). Congruent with the find-
ings of Danek and Wiley, we observed positive relationships between
ratings of aha experience and surprise across problem types, as well as neg-
ative relationships between ratings of aha experience and impasse across
problem types. We also found positive relationships between ratings of aha
experience and pleasure in insight-type problems, though not in non-
insight problems.

We expected to find the strongest relationships between surprise and
aha experience, possibly related to similar relationships between impasse
and surprise, in two instances: (1) where the solution was generated cor-
rectly before feedback, and (2) when the solution was generated incor-
rectly, and corrective feedback was given (after feedback). Ratings of aha
experience were positively correlated with both surprise and impasse, in
both classic insight and non-insight problems where the solution was cor-
rectly generated before feedback (1). Unexpectedly, we did not find the
same relationships between surprise and aha experience, and aha experi-
ence and impasse, in correctly generated solutions for compound remote
associates before feedback: we found a weak positive relationship between
surprise and aha experience in compound remote associates, and a nega-
tive relationship between ratings of aha and impasse. In instances in which
participants had generated incorrect solutions, and been provided with
feedback (2), we found no relationships in insight-type problems between
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aha experience and surprise, and a negative relationship in non-insight
problems. However, when we included errors of omission (trials in which
participants had not discovered the solution in time), we found a strong
positive relationship between aha experience and both surprise and
impasse in classic insight problems, but in neither compound remote asso-
ciates, nor non-insight problems.

General discussion

In this paper, we investigated the effect of feedback that is the presentation
of a correct solution, on ratings of insight phenomenology across problem
types. This is an important comparison because some methodologies use
presentation of a solution as a proxy for the experience of insight. We
focused our analysis on the experience of aha, as this is the most typically
used measure in insight research. Other components of insight-related
affect measured in the current paper were: surprise, pleasure, and impasse.
We found that feedback regarding the correct solution enhanced ratings of
insight phenomenology conditional on solution accuracy: Across two stud-
ies, we observed that ratings of aha experience increased after solution
feedback was provided to incorrectly generated solutions, but maintained
level or decreased after feedback when the solution was correctly gener-
ated. The relationship between the components of insight-related affect
(relationships between ratings of aha, surprise, pleasure, and impasse) were
fairly consistent between problem types, with distinctions between prob-
lem types arising largely between ratings of surprise and aha experience.

The effect of feedback

The finding of higher aha ratings after feedback for a response that was ini-
tially incorrect is consistent with Kizilirmak et al. (2016). Those authors
measured the proportion of aha reports after a solution had been given in
three conditions: generate (solution correctly generated), fail to generate
(participant has a chance to generate the solution, but timed out), and
read-only (no chance to generate the solution; the solution was presented
with the problem). In the learning phase of their experiment (Experiment
1), the mean conditional frequencies (Table 2 in Kizilirmak et al., 2016) indi-
cated that generation of a correct solution resulted in more (marginally)
reports of aha experience (compared to reports of no aha experience: mean
proportion of .24 compared to mean proportion of .21) after feedback was
provided. However, there were more reports of aha experience compared
to no aha experience when participants had timed out before generating a
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solution and were given the answer (mean proportion of .41 aha experi-
ence, compared to .14 no aha experience).

This shift in ratings of aha experience for incorrect solutions is consistent
with theories of insight processing, such as representational change theory
(Ohlsson, 1984); that is, when a problem solver already has a correct answer
in mind, there is no need for restructuring the problem space, and thus no
effect of feedback for restructuring, and no effect of feedback on aha expe-
rience. Our findings are also consistent with the arguments of Auble et al.
(1979), and the processing fluency accounts of Topolinski and Reber (2010),
who note the importance of shifting from a state of non-comprehension
(i.e., incorrect problem path, or misunderstood problem space) followed by
comprehension (solution associated with a sudden insight experience).
These findings emphasise the importance of feedback even (or perhaps
particularly) when the problem solver is initially incorrect (Huelser &
Metcalfe, 2011).

In contrast, revealing a solution to someone who had already generated
the correct solution resulted in a slight decrease in ratings of aha experi-
ence (a “oh yes”, Rothmaler, et al., 2017, or a “yes, I know” reaction). This is
consistent with the results of Mori (1996), who found that generated solu-
tions were associated with higher aha ratings compared to those given by
the experimenter when the problem was solved correctly. Mori (1996) col-
lected data from experts who solved each problem, and measured aha
experience only once, after each possible first solution step had been
shown, rather than comparing before and after feedback. Our results
emphasise the importance of considering patterns of accuracy as well as
self-reports in aha experience, and have particular implications for investi-
gations into the neural correlates of insight. Our data suggest that the most
informative neural signals of aha arise at the time of the self-generated, cor-
rect solution (i.e., before feedback) or at the time of the experimenter-gen-
erated solution after the generation of an incorrect solution. The neural
correlates arising at the presentation of feedback after the generation of a
correct response may be related more to the ‘of course’ or “oh yes” experi-
ence, as indicated by Rothmaler et al.’s conclusions of different patterns of
processing between “intrinsically” generated and “extrinsically” pre-
sented insights.

For insight-type problems (classic insight problems and compound
remote associates), instances in which the solution was known were associ-
ated with higher ratings of aha experience (instances in which the solution
was known include: (1) correctly generated before feedback, (2) correctly
generated, after feedback, and (3) incorrectly generated after feedback).
These findings are consistent with the idea that those solutions that are
designed to generate an aha experience needs not necessarily be
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generated by the participants themselves (Bowden, 1997; Kizilirmak et al.,
2015, 2016; Mori, 1996; Rothmaler et al., 2017). This seemingly confirms the
use of presumed insight as problems that are more likely to elicit insight in
cases when the solution is known; either when the solution is correctly
solved (DeYoung, Flanders, & Peterson, 2008; Gilhooly & Fioratou, 2009;
Metcalfe & Wiebe, 1987) or when the solution is presented (Bowden, 1997;
Kizilirmak et al., 2015). However, we must again note the decrease in aha
ratings when the solution is presented after being guessed, which may
have implications in neurophysiological paradigms (as in Rothmaler
et al., 2017).

Furthermore, we observed a consistent effect of feedback across prob-
lem types; that is, there was evidence of an increase in insight phenomenol-
ogy in non-insight problems as well as in insight-type problems, indicating
that suddenly revealing the solution is able to create an aha experience
regardless of problem type. This finding is perhaps of less importance in
the contemporary literature, given the use of a single task type (e.g., ana-
grams, as in Aziz-Zadeh et al., 2009; and compound remote associates, as in
Bowden & Jung-Beeman, 2003a; Kounios et al., 2008; Salvi et al., 2012),
combined with the use of self-reported aha experience to classify the
insight compared to non-insight problem solving; however, it is neverthe-
less a critical consideration given the correct solution of non-insight prob-
lems compared to insight problems are still used to infer insight processes
and insight phenomenology (Debarnot, Rossi, Faraguna, Schwartz, &
Sebastiani, 2017; DeCaro, Van Stockum, & Wieth, 2015; Van Stockum &
Decaro, 2013).

Interactions between components of insight phenomenology
contingent on solution

For instances when the solution was known (i.e., the solution was either
correctly generated and/or corrective feedback was given), ratings of aha
experience increased with increasing ratings of surprise, pleasure, and
impasse in both classic insight and non-insight problems. However, in com-
pound remote associates, trials in which the solution was generated cor-
rectly before feedback resulted in a negative relationship between aha
experience and impasse. This perhaps reflects the requirements for a com-
pound remote associate problem to be solved with processes of problem
solving that are distinct from insight as recognised in the current literature
(Stuyck, Cleeremans, & Van den Bussche, 2018): This conclusion is sup-
ported by the negligible correlation between surprise and aha experience
in the same trials.
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The results of the current paper highlight the complexity of the role
impasse has within insight processes and insight phenomenology. There
are a number of theories revolving around the importance of impasse for
insight (e.g., impasse is necessary for restructuring, Ohlsson, 1984). We
found impasse was positively predictive of aha experience in instances in
which the solution was known (i.e., correctly generated solution before
feedback, and after feedback). This is consistent with theories regarding
impasse as a precondition of insight (e.g., Ohlsson, 1984). However, the rela-
tionship between accuracy and impasse represents a potential limitation of
our dataset: we must note the strong negative relationship between
impasse and accuracy, possibly arising because participants interpreted “I
felt stuck before solution” as simply “I felt stuck.” Future research may ena-
ble a participant-led response to expand description of what they felt this
construct to mean. Certainly, we found that the relationship between
impasse and other components of insight phenomenology was complex:
impasse was positively related with surprise (most strongly for incorrectly
generated solutions, after corrective feedback), negatively related with
pleasure, and demonstrated an interaction between solution accuracy and
feedback for relationships with aha experience.

Conclusions

The present study shows that suddenly discovering (or simply uncovering) a
solution, and components of the accompanying affect, can be generated by
the problem solver or revealed by the experimenter, but that this is a complex
relationship which is conditional on the accuracy of the solution generated by
the participant. We offer an exploration of insight phenomenology after
attempting to solve a problem, and after feedback of the solution. We found
aha experiences decreased after solutions were presented to correctly gener-
ated solutions, and that they increased after feedback to initially incorrectly
solved problems. Thus, an “aha!” experience is best preceded by a “huh?”
experience (Cialdini, as quoted by Heath & Heath, 2007, p. 81).
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Appendix

We explored the relationships between the components of insight-related affect
through multivariate regression, which estimates the ability of each of the predic-
tors (feedback and accuracy) to predict each of the multiple outcome variables
(i.e., aha, surprise, impasse, and pleasure) simultaneously. We combined the data
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from Study 1 and Study 2 to conduct a multivariate regression investigating the
effect of feedback and solution accuracy on components of insight affect for each
problem type. To visualize the relationships, we plotted each variable (i.e., compo-
nent of insight affect) against the other (see Figures 5 and 6 in the main text; here
we present the rotated data in Figures A1, and A2). To show the major trends, we
estimated the line of best fit and the standard error using beta regression (using
the R package betareg: Cribari-neto & Zeileis, 2010) as the data were on a 0 to 100
scale. We applied this approach for visualization purposes; an alternative approach
is to logit transform the response scales and apply linear regression (see Gelman &
Hill, 2007), which is the approach we took for the multivariate regression. Because
each problem task could result in a solution that was either correctly or incorrectly
generated, and there were ratings of insight phenomenology for each task, we
analysed the data by observations rather than by participants. This analysis demon-
strates important distinctions in the patterns of insight-related affect that arise con-
ditional upon solution accuracy.

Relationships between components of insight affect, conditional on accuracy
and feedback
Visualisation of relationships between components of insight, conditional
on accuracy

Figures A1 and A2 are the rotated plots of Figures 5 and 6 presented in the
manuscript.

Figure A1. Scatterplots of insight-related affect across problem types. (Columns from
the left are: Classic insight problems, compound remote associate tasks, and classic
non-insight problems; rows from the top are pleasure, surprise, and impasse, com-
pared to aha experience). Lines are fit by beta regression, shading is standard error.
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Correlations not filtered for errors of omission
The data used in the manuscript has been filtered for trials in which no

responses were given (errors of omission); however, experimental paradigms in
which responses cannot be given (e.g., Qiu et al., 2008; Xing et al., 2012) would
include these data, which necessitates the need to consider them here.

Tables A1, A2, and A3 present Pearson correlations between components of
insight before and after feedback, conditional on accuracy. Correctly generated sol-
utions are presented above the diagonal; incorrectly generated solutions are pre-
sented below the diagonal.

Figure A2. Scatterplots of insight-related affect across problem types. (Columns from the left
are: Classic insight problems, compound remote associate tasks, and classic non-insight prob-
lems; rows from the top are impasse compared to surprise, impasse compared to pleasure, and
pleasure compared to surprise). Lines are fit by beta regression, shading is standard error.

Table A1. Classic insight problems: Correlations between components of insight
before and after feedback, conditional on accuracy for the combined data from
Study 1 and Study 2.

Before feedback After feedback

Aha Impasse Pleasure Surprise Aha Impasse Pleasure Surprise

Aha – 0.26��� 0.52��� 0.49��� – 0.28��� 0.44��� 0.29���
Impasse �0.54��� – �0.03 0.47��� 0.15��� – �0.19��� 0.52���
Pleasure 0.68��� �0.45��� � 0.15�� 0.59��� 0.10� – �0.08
Surprise 0.17��� 0.05 0.21��� – 0.32��� 0.34��� 0.29��� –
�p< .05, �� p< .01, ���, p< .001.
Note: Above diagonal are correlations for correctly generated solutions; below diagonal are correla-
tions for incorrectly generated solutions.
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Table A2. Classic non-insight problems: Correlations between components of insight
before and after feedback, conditional on accuracy for the combined data from
Study 1 and Study 2.

Before feedback After feedback

Aha Impasse Pleasure Surprise Aha Impasse Pleasure Surprise

Aha – 0.09 0.36��� 0.19��� – 0.29��� 0.21��� 0.33���
Impasse �0.40��� – �0.17�� 0.53��� 0.03 – �0.07 0.47���
Pleasure 0.54��� �0.43��� – �0.16�� 0.57��� �0.11 – �0.05
Surprise 0.30��� 0.18�� 0.34��� – �0.12 0.56��� �0.19�� –
�p< .05, �� p< .01, ���, p< .001.
Note: Above diagonal are correlations for correctly generated solutions; below diagonal are correla-
tions for incorrectly generated solutions.

Table A3. Compound remote associates: correlations between components of
insight before and after feedback, conditional on accuracy for the combined data
from Study 1 and Study 2.

Before feedback After feedback

Aha Impasse Pleasure Surprise Aha Impasse Pleasure Surprise

Aha – �0.06 0.60��� 0.03 – 0.08� 0.55��� 0.03
Impasse �0.53��� – �0.17��� 0.54��� �0.01 – �0.20��� 0.60���
Pleasure 0.61��� �0.46��� – �0.14 0.46��� �0.13��� – �0.19���
Surprise 0.27��� �0.10��� 0.39��� – 0.07� 0.38��� 0.09�� –
�p< .05, �� p< .01, ���, p< .001.
Note: Above diagonal are correlations for correctly generated solutions; below diagonal are correla-
tions for incorrectly generated solutions.
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