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It is a compelling idea that an image as simple as a Necker cube, or a duck-rabbit illusion,
can reveal something about a person’s creativity. Surprisingly, there are now multiple
examples showing that people who are better at discovering ‘hidden’ images in a picture,
are also better at solving some creative problems. Although this idea goes back at least a
century, little is known about how these two tasks—that seem so different on the sur-
face—are related to each other. At least some forms of creativity (and indeed scientific dis-
coveries) may require that we change our perspectives in order to discover a novel solution
to a problem. It’s possible that such problems involve a similar cognitive process, and per-
haps the same cognitive capacities, as switching perspectives in an ambiguous image. We
begin by replicating previous work, and also show metacognitive similarities between the
sudden appearance of hidden images in consciousness, and the sudden appearance of solu-
tions to verbal insight problems. We then show that simply observing a Necker cube can
improve subsequent creative problem-solving and lead to more self-reported insights.
We speculate that these results may in part be explained by Conflict Monitoring Theory.

� 2016 Elsevier Inc. All rights reserved.
1. Introduction

In a 1973 short film, Take the World from Another Point of View, Richard Feynman was asked by esteemed astronomer,
Sir Fred Hoyle: ‘‘Have you had a moment when, in a complicated problem, where quite suddenly the thing comes into your
head and you are almost sure that you have got to be right?” Feynman agreed enthusiastically, and replied, ‘‘For example, I
worked out the theory of helium once and suddenly saw everything. I had been struggling and struggling for two years and
suddenly saw everything.” Commenting further on the moment of revelation, Feynman says, ‘‘And then afterwards, you
wonder why was I so stupid that I didn’t see this?” As we will soon see, this exchange between Feynman and Hoyle captures
several now well documented features of the insight experience.

On one end of a problem-solving spectrum, there are problems that we solve, or things we learn, where progress is grad-
ual, moving step by step to a solution. Problems solved in this analytic way are characterized by linearity and predictable
solutions; from beginning to end, progress is smooth. On the other end of the spectrum we have solutions to problems that
are sudden, unexpected, and accompanied by an ‘Aha!’ moment. These occasions—and Feynman discovering the theory of
helium is one example—we may call insights, eureka moments, or revelations. And once an experience like this occurs,
the solution seems obviously correct, and like Feynman, we are left to wonder how we were ‘‘so stupid” just a moment
before. Curiously, the problem of understanding how and why insights occur, and predicting their appearances, has made
considerable progress through our understanding of a far simpler stimulus, a bistable image.
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If you identified both perspectives in Fig. 1, chances are that you experienced a small ‘Aha!’ moment when the image sud-
denly appeared quite differently than just a moment before. Here we will begin by describing at least three reasons that we
believe bistable images, like the Necker cube, have become so intimately linked to the insight experience in previous
research (e.g., Maier, 1930; Schooler, McCleod, Brooks, & Melcher, 1993; Schooler & Melcher, 1995; Schooler, Fallshrore, &
Fiore, 1996; Sternberg & Davidson, 1995; Wiseman, Watt, Gilhooly, & Georgiou, 2011; Doherty & Mair, 2012; Ohlsson,
1984, 2011).

Reason 1: Phenomenology. The ‘Aha!’ experience of solving a bistable image and experiencing an insight is the simplest
and perhaps most intuitive reason that the relationship has become so popular. We can see first-hand that the way a ‘‘hid-
den” image appears in consciousness has similar phenomenological characteristics to a sudden insight (Schooler et al., 1996;
Metcalfe & Wiebe, 1987). Reason 2: Representational Change. Bistable images and some (but perhaps not all) insight expe-
riences are preceded by a change in representation, or interpretation of problem elements or assumptions (Ohlsson, 1984,
2011; Schooler et al., 1996). When some part of the problem is re-interpreted, or a new perspective is found, then the solu-
tion may be immediately obvious, and therefore the insightful solution appears suddenly and unexpectedly. We do not usu-
ally have conscious access to our interpretations or awareness of when they change, so all that is experienced is a sudden
recognition of a solution that was previously unknown (Ohlsson, 1984, 2011). Reason 3: Performance Correlations. Evidence
has also accumulated suggesting that the relationship between bistable images and insight may be more than a simple anal-
ogy. That is, the ability to change perspectives in ambiguous images appears to be associated with our ability to solve cre-
ative problems (Doherty & Mair, 2012; Jarosz, Colflesh, & Wiley, 2012; O’Brien et al., 2014; Schooler & Melcher, 1995;
Wiseman et al., 2011).

Taken together, bistable images and insights feel the same, they may be solved through the same cognitive process of
changing perspectives, and successfully reinterpreting an ambiguous image predicts success in creative problems that often
lead to insights. It is this third reason—i.e., the empirical relationship between ambiguous images and creative problems—
that is particularly not well understood, and as far as we know, there is currently no evidence of a mechanism, cognitive,
neuroscientific, or otherwise. To this end, in Experiment 1, we begin by replicating and extending on previous work by test-
ing the association between perceptual switching in ambiguous images and solving insight problems using both accuracy
and metacognitive measures. In Experiment 2, we test whether observing the alternations in a Necker cube can trigger cog-
nitive processes that improve subsequent insight problem-solving

1.1. Summary of previous research

In the first and most popular experiment of its kind, Schooler and Melcher (1995) demonstrated that recognizing out-of-
focus images was correlated with performance on traditional insight problems. Recognizing blurry images was a better pre-
dictor of success with insight problems than analytic problem-solving, remote associate tests, vocabulary, need for cognition,
and more. In more recent work, Wiseman et al. (2011) found that self-reported creativity and performance on an alternative
uses task correlated with self-reported ease of reversal for one ambiguous figure (the duck-rabbit illusion). Doherty and Mair
(2012) found a similar pattern of results, where reversals in three ambiguous figures correlated with performance on a pat-
tern meanings test. Two separate studies also found that insight problems and reversals in ambiguous images were posi-
tively influenced by alcohol intoxication, whereas non-insight problems were not (Jarosz et al., 2012; O’Brien et al.,
2014). Taken together, the existing research points to a relationship between re-interpreting perceptual stimuli (e.g., blurry
or ambiguous images) and re-interpreting conceptual stimuli (e.g., solving insight problems: Doherty & Mair, 2012; Schooler
Fig. 1. A Necker cube that can, with sustained attention, alternate between two mutually exclusive interpretations: A cube facing down and left, or a cube
facing up and right (Necker, 1832).
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& Melcher, 1995; Wiseman et al., 2011; Riquelme, 2002). However, there are reasons to begin with a conceptual replication
and extension using a well-known metacognitive measure of insight.

2. Experiment 1

Previous research has not tested for the presence or absence of an insight experience, so it is unclear whether the rela-
tionship between insight problems and ambiguous images has anything to do with insight per se. If ambiguous images and
insight problems are related because they both rely on the same cognitive process of representational change (or shifting
perspectives), then we would expect similar metacognitions. In order to measure metacognitive patterns and whether an
insight has occurred during problem-solving, a popular method is Metcalfe’s (1986) feelings-of-warmth (or simply ‘warmth’)
measure. The warmth measure requires participants to make frequent estimates during problem-solving about how close
they are to solving the problem from cold (far) to hot (close). We expect that ambiguous images and insight problems
are solved more suddenly and unexpectedly (i.e., moving from a cold state to a solution state) compared to analytic prob-
lems, where solutions are more likely to follow from gradually increasing warmth ratings. There is evidence that the warmth
measure can reliably signal insights and distinguish between traditional insight and non-insight problems (Metcalfe, 1986;
Metcalfe & Wiebe, 1987).

Previous work also relied on a small number of ambiguous images, and occasionally did not include a control condition
(Doherty & Mair, 2012; Wiseman et al., 2011). The study conducted by Schooler and Melcher (1995) used blurry instead of
ambiguous images, which may not have involved representational change in the way we conceptualize it here. To address
these issues, Experiment 1 includes a control condition (an analytic problem-solving task), as well as multiple ambiguous
images and insight problems, which have been chosen specifically because there are at least two possible representations
to each stimulus. If, under these constraints, we find a positive association between ambiguous images and insight problems,
and similar metacognitive patterns, then—combined with the work described above—we ought to take seriously the idea
that changing interpretations in ambiguous images is related to, and predictive of, changing interpretations in problem-
solving, and perhaps creativity.

2.1. Experiment 1 method

Fifty-one undergraduate students from The University of Queensland participated for course credit (mean age = 20.3;
SD = 4.9). All of the participants (17 males and 34 females) experienced the same three conditions: ten traditional insight
problems, ten analytic problems, and ten ambiguous images. All insight and analytic problems were restricted to verbal
problems in order to minimize extraneous differences between the conditions. Insight problems were obtained from either
Schooler et al. (1993) and Weisberg (1996), or online sources. An a priori ‘Taxonomy for Identifying Insight Problems’ as out-
lined in Weisberg (1996) was used to ensure that each insight problem required a re-interpretation of the problem elements.
Analytic problems were similarly obtained, but chosen because solutions did not require participants to reinterpret the prob-
lem elements (all stimuli are presented in Appendix A).

All video instructions for this experiment were pre-recorded to ensure that each participant received the same informa-
tion. The experiment was constructed and presented using LiveCode (an open-source programming tool) and conducted in
quiet rooms with no more than four participants per session using desktop computers. Each participant began by answering
basic demographic questions, and indicated whether their first language was English or not. We suspected that if English was
not a participant’s first language, difficulties may arise because insight problems required that participants re-interpret
specific English words in multiple ways, but no significant differences were identified, so the variable was removed from
any further analysis. In the instructions, although participants were not explicitly told about the presence of distinct insight
and non-insight problems, they were provided with an example of both in order to prevent any differential practice effects.
Participants were also provided with an example of an ambiguous image trial and were shown the two possible interpreta-
tions. In the experiment, a correct response for an ambiguous image trial was recorded if both images in the picture were
successfully identified within the time limit.

Participants were then told that while they were solving the problems, a warmth rating scale would appear on the right
hand side of the screen every fifteen seconds with a tone (see Appendix B for an illustration). When the warmth rating
appeared, they were told to indicate how close they were to solving the problem from 1 (cold/far), to 10 (hot/close). For
ambiguous image trials, participants were told to indicate how close they were to discovering the second interpretation
of the image. When the warmth rating appeared, the response field was disabled and unresponsive to mouse clicks, and par-
ticipants were shown how to make a rating from one to ten in order to continue working on the problem. They were asked to
make a rating as quickly as possible when the rating bar appeared, and were provided with a demonstration of the entire
process. Participants were told to finish entering their response and to not change their rating after they had solved the prob-
lem (to ensure clarity, they were reminded of these instructions again before beginning the experiment). They were told that
each problem would appear for two minutes and then disappear. After the instructions were completed and any questions
answered, the experiment began and the stimuli were presented in random order.
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2.2. Experiment 1 results

2.2.1. Accuracy and correlations
One of our primary interests was the relationship between the accuracy of the bistable image problems and the insight

problems. As in the previous insight demonstrations, we found that participants who correctly identified two images in the
bistable image problems (M = 68%) also correctly solved more insight problems (M = 43.7%, r = 0.39, n = 51, p = 0.012). We
found a smaller, but significant correlation between analytic problem-solving (M = 41.6%) and ambiguous images
(r = 0.32, n = 51, p = 0.003), as well as a correlation between solving insight and analytic problems (r = 0.48, n = 51,
p < 0.001). The correlation between analytic problems and ambiguous images was larger than that found in previous
research (Schooler & Melcher, 1995), and larger than we expected to find. We elaborate on this relationship further in the
discussion of Experiment 1.

2.2.2. Metacognitions
In order to identify the metacognitive pattern preceding solutions, differential warmth ratings were calculated by sub-

tracting each participant’s last warmth rating from their first warmth rating for each problem. Negative numbers were con-
verted to positive, so that a higher differential warmth rating indicates a larger increment in warmth preceding a correct
answer, and a lower number indicates a smaller increment (i.e., less of a gradual process towards solving the problem).
For example, an average score of zero indicates that a participant’s warmth ratings were not at all predictive of correct
answers, and higher numbers indicate more gradual warmth ratings prior to correct solutions. Each participant was assigned
an average incremental warmth rating for each condition for comparison (see Fig. 2A).

Incremental ratings were then used to identify insight problems and bistable image trials that were solved in a way that
resembled insight (i.e., suddenly, without any incremental ratings prior to solution). This is considered the most conservative
method, as a participant must experience no progress towards the solution before the solution appears (Metcalfe, 1986). The
same method was used to identify analytic problems that were solved incrementally (i.e., greater than zero differential
warmth ratings preceding solution). Once identified, each participant received an average score for insight and analytic solu-
tions for each of the conditions (see Fig. 2B).

2.3. Experiment 1 discussion

Consistent with previous insight demonstrations (Ohlsson, 1984, 2011; Schooler & Melcher, 1995; Wiseman et al., 2011),
participants who were better able to identify two alternative perspectives in ambiguous images (i.e., reinterpret the stimu-
lus) were also more likely to solve insight problems. We also found a positive, although perhaps smaller, relationship
between ambiguous images and analytic problem-solving. Previous research has shown that some common factors (e.g.,
vocabulary) are positively associated with performance in all three conditions—insight, analytic, and image problems
(Schooler & Melcher, 1995). Therefore, correlations between each of the conditions were not necessarily surprising. How-
Fig. 2. A (left): Differential warmth ratings by condition (error bars represent the standard error of the mean). B (right): Proportion of insight and analytic
solutions by condition.
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ever, the relationship between ambiguous images and analytic problems was larger than found in previous research
(Schooler & Melcher, 1995). There are two possible explanations. It may simply be that this experiment was not sensitive
enough to identify major differences between the conditions, or, it is possible that there is nothing unique about the rela-
tionship between ambiguous images and creative problem-solving, and instead, the ability to switch perspectives in ambigu-
ous images is associated with problem-solving generally. We cannot draw a firm conclusion either way, although previous
work suggests that the latter conclusion is unlikely. Nevertheless, the accuracy results were in the expected direction, and
our primary aim for Experiment 1 was to measure whether the metacognitions observed in the ambiguous images and
insight problems were similar to each other, and different from analytic problems.

The metacognitive data support the possibility that there is something unique about the cognitions involved in reinter-
preting ambiguous images and solving insight problems. Extending on previous research, we found that insight problems
and ambiguous images are solved more suddenly compared to analytic problems. This result suggests that progress on an
analytic problem occurs consciously, in the sense that participants are aware of the steps required in the problem and
how they are progressing along those steps. For insight problems and ambiguous images, however, the alternative interpre-
tation—and hence the solution—seems to occur to participants spontaneously and unconsciously (most of the time). There-
fore, it is also unlikely that the underlying ability is the same in the analytic problems as in insight problems and ambiguous
images, since the underlying cognitions appear to be different (i.e., conscious versus unconscious). Considering the results
reported here in combination with previous work, we decided to continue with a second experiment and investigate the pos-
sibility that a Necker cube would trigger the neuro-cognitive mechanisms required for insight problem-solving, and thereby
improve performance.

3. Experiment 2

The finding that conflict leads to activation of the anterior cingulate cortex has become one of the most replicated findings
in cognitive neuroscience (Botvinick, Cohen, & Carter, 2004; Weissman, Giesbrecht, Song, Mangun, & Woldorff, 2003).
According to Conflict Monitoring Theory, the anterior cingulate cortex functions as a conflict detection center, which upon
detecting conflict, triggers cognitive control mechanisms required to overcome the conflict (Botvinick, Braver, Larch, Carter,
& Cohen, 2001). The Stroop task, Erikson Flanker Task, and the Simon Task, are classic examples where task difficulty, reac-
tion time, and anterior cingulate activation increases with stimuli that induce conflict compared to non-conflicting versions
of the same stimuli (Botvinick et al., 2001; Simon & Wolf, 1963). For example, in Stroop trials (Stroop, 1935) where a word
such as blue, is colored in red, naming the color of the word takes longer than if the word blue was also colored blue. The
conflict or mismatch induced by the word is responsible for the increased difficulty of the task. Kounios et al. (2006) and
Subramaniam, Kounios, Parrish, and Jung-Beeman (2009) hypothesized that conflict monitoring and cognitive control pro-
cesses are important for insight because they allow individuals to detect competing options other than the prepotent
response. Kounios and Beeman (2014) proposed that if the anterior cingulate cortex is sufficiently active before problem-
solving, then the participant is better prepared to detect non-dominant—perhaps creative—solutions. This is indeed the very
difficulty with traditional insight problems. Insight problems are specifically designed so that the problem is initially repre-
sented (interpreted) incorrectly, and therefore to solve the problem, a different, conflicting (non-dominant) interpretation
must be discovered. Cognitive control processes and the anterior cingulate cortex are also believed to be important for mon-
itoring competing responses (MacDonald, Cohen, Stenger, & Carter, 2000; Van Veen, Cohen, Botvinick, Stenger, & Carter,
2001), and for shifting attention (Davis, 2005; Dreisbach & Goschke, 2004), which may be other potential mechanisms
involved in solving insight problems.

The Necker cube as well as the ambiguous images used in Experiment 1, are visually bistable stimuli that, due to their two
competing interpretations, reliably induce conflict (for a review, see Kornmeier & Bach, 2005; Toppino & Long, 2005). There-
fore, it seems that the re-interpretation process in both insight problems and ambiguous images benefit—indeed may
require—the Conflict Monitoring System as described by Botvinick et al. (2001). It is possible then that the relationships thus
far observed in the literature between bistable or ambiguous stimuli and creative problem-solving are partly accounted for
by the role that the Conflict Monitoring System plays in switching between competing representations. In support of this
hypothesis, there is evidence that activation of the anterior cingulate cortex prior to problem-solving is associated with more
insight solutions than analytic solutions (Kounios et al., 2006; Kounios & Beeman, 2014; Subramaniam et al., 2009). Creativ-
ity, by definition perhaps, requires a movement from the old to the new. Switching from the old to the new requires that we
overcome habitual, prepotent responses driven by past experience. The Conflict Monitoring System may therefore not only
partially account for the relationship between insight and ambiguous images, but may play a larger role in creativity than
previously thought.

How do we test this hypothesis? It is well known that a conflicting stimulus, which is preceded by another conflicting
stimulus of the same category is likely to be solved faster and more often than conflicting stimuli preceded by non-
conflicting stimuli (Botvinick et al., 2001, 2004; Kan et al., 2013). According to Conflict Monitoring Theory, this finding—
namely the Gratton Effect (Gratton, Coles, & Donchin, 1992)—occurs because conflict in the preceding trial triggers cognitive
control, and therefore the participant has control mechanisms prepared for the subsequent trial. Recent evidence suggests
that conflict adaptation effects and therefore the Conflict Monitoring System may be domain general. Kan et al. (2013)
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showed across three experiments that conflict experienced in one task (e.g., a Necker cube) predicted better performance in
overcoming conflict in another task (e.g., Stroop tasks or ambiguous sentences) that followed.

In Experiment 2, we test the possibility that a Necker cube can improve subsequent insight problem-solving. Broadly
replicating the design of Kan et al. (2013), we presented participants with either a Necker cube (conflict condition) or an
alternating cube (no conflict condition) followed by an insight problem. Our conservative hypothesis was that a Necker cube
will elicit some shared cognitive processes, which will improve subsequent insight problem-solving. Our more specific, but
also more speculative hypothesis, is that experiencing conflict with the Necker cube would elicit conflict monitoring and
cognitive control mechanisms, which would lead to better performance in the subsequent insight problem. If our hypotheses
are supported, then it is possible that Conflict Monitoring Theory, and individual differences in conflict monitoring and cog-
nitive control, can at least partially account for the relationship between insight problems and bistable images. At a bare
minimum, there are likely to be shared cognitive mechanisms (cognitive control or otherwise). Recent evidence also suggests
that engaged cognitive control mechanisms (i.e., preparatory activation in the anterior cingulate cortex) is associated with
more self-reported insights (Subramaniam et al., 2009). Therefore, we also expected that participants presented with con-
flicting Necker cubes would report more insights and less analytic solutions overall than participants presented with normal
alternating cubes.

3.1. Experiment 2 method

Eighty undergraduate students (32 males and 48 females) from The University of Queensland participated in
exchange for course credit (mean age = 20.1, SD = 5.1). Unless indicated otherwise, Experiment 2 was procedurally the
same as Experiment 1. Participants were presented with 20 insight problems, preceded by either a Necker cube (conflict
condition), or an alternating cube (no conflict condition) for 90 s. In order to make the two conditions as similar as pos-
sible (aside from the conflict), the cube in the no conflict condition alternated between the two possible percepts of the
Necker cube (as in Fig. 3) at the average rate that reversals tend to be experienced in the Necker cube (i.e., approxi-
mately 27 times in 90 s; Kan et al., 2013). In both the conflict and no conflict conditions, participants were instructed
to indicate by pressing a key whenever they experienced a reversal in the cube, and were told not to try and change
perspectives in either condition, but to observe the images passively. On the left arrow key, a picture of an unambiguous
cube pointing left and down was attached, and on the right arrow key, a picture of an unambiguous cube pointing right
and up was attached (see Fig. 3). This methodology allows participants to indicate which percept they were currently
experiencing by pressing one of the cubes, and each button press indicated a reversal. The insight problems were
obtained and presented as in Experiment 1, but participants were provided with only one minute to solve the problem
to increase the potential impact of the conflict adaptation from the preceding trial. The insight problems were random-
ized across the conflict and no conflict conditions.

In order to measure metacognitions and experiences of insight, we used the warmth measure as in Experiment 1, but
we also adapted a self-report measure of insight from Bowden and Jung-Beeman (2007). The self-report measure is an
alternative to Metcalfe’s (1986) warmth rating, and was commonly used in the research reviewed for Experiment 2.
Therefore, for consistency with previous research (e.g., Kounios et al., 2006; Kounios & Beeman, 2014, and
Subramaniam et al., 2009), and to increase sensitivity in identifying insights, we also included the self-report measure
of insight. After each insight problem, participants indicated whether they experienced an insight by providing a rating
of 1 (no), 2 (other), or 3 (yes). The important features of an insight were described in detail in the instructions. Partic-
ipants were instructed to indicate 2 (other) if they simply guessed or did not know the answer, experienced neither
insight nor no insight, or if they were unsure. Self-reports of insight compared to no insight or analytic solutions have
been associated with different neural activation (e.g., Bowden & Jung-Beeman, 2003; Jung-Beeman et al., 2004; Kounios
Fig. 3. Left: The two alternating cubes presented intermittently every 2.7 s for 90 s (no conflict condition). Right: Necker cube also presented for 90 s
(conflict condition).
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et al., 2006), different eye-movements (Salvi, Bricolo, Franconeri, Kounios, & Beeman, 2015), differences in accuracy
(Salvi, Bricolo, Kounios, Bowden, & Beeman, 2016), and more. The self-report measure provides several potential advan-
tages to Metcalfe’s (1986) warmth measure, however these are discussed elsewhere (see Bowden & Jung-Beeman, 2007).
In this experiment, we used both the warmth and self-report measures, and reported them separately. Here, we are
specifically interested in how these two measures capture differences in insight problem-solving performance and
metacognitions as a result of conflict induction. Because of the shorter presentation times, participants were asked to
make warmth ratings more often than in Experiment 1, in this case every ten seconds. Otherwise, the warmth measure
was consistent with Experiment 1. After providing an insight rating, participants were asked whether the problem they
solved was familiar or not, and any familiar problems were removed from further analysis.

3.2. Experiment 2 results

3.2.1. Accuracy and reaction time
Participants experienced approximately equivalent reversals when observing conflicting Necker cubes (M = 28.2,

SD = 26.4) and alternating cubes (M = 26.1, SD = 4), although variability in the Necker cube condition was substantially
higher, which is consistent with previous research showing individual differences in reversal rates for Necker cubes (e.g.,
Kan et al., 2013; Shannon, Patrick, Jiang, Bernat, & He, 2011). When participants were presented with a Necker cube, and
then an insight problem (conflict condition), they solved an average of 4.24 of 10 insight problems (SD = 1.87). When they
were first presented with an alternating cube, and then an insight problem (no conflict condition), they solved an average of
3.76 of 10 insight problems (SD = 1.82). A paired t-test (one-tailed) showed that participants solved significantly more
insight problems in the conflict condition compared to the no conflict condition t(79) = 1.86, p = 0.034 (see Fig. 4). Therefore,
the results suggest that observing a Necker cube increased the likelihood that the subsequent insight problem would be
solved correctly.

As in Kan et al. (2013), reaction times between the conflict and no conflict conditions were not significantly different. It is
possible that the time constraints in the conditions meant that participants were answering the problems faster than they
would naturally, making subtle reaction time differences between the two conditions difficult to detect. As in Kan et al.
(2013), we also performed a median split of participants into two groups made up of those who experienced more reversals
of the Necker cube in one group (high conflict), and those who experienced less reversals in the other group (low conflict). A
one-way ANOVA revealed no significant differences between the two groups in solving insight problems (p = 0.17), and no
correlation was found between reversals in the Necker cube and performance (r = 0.02, p = 0.82) or reaction time (r = 0.08,
p = 0.32).

3.2.2. Metacognitions
There are two ways to partition metacognitions in this experiment: they can be localized to correct responses only, or

it is possible to explore how participants respond metacognitively to all problems, whether solved correctly or incor-
rectly across the two conditions. In order to make specific comparisons between metacognitions in the conflict condition
Fig. 4. Average insight problems solved by condition (Conflict trials are insight problems preceded by a Necker cube, whereas No Conflict trials are insight
problems preceded by an alternating cube). Error bars represent the standard error of the mean.



Fig. 5. Average proportion of problems solved through insight, analysis, or other for all responses (A), and for correct responses only (B).

R.E. Laukkonen, J.M. Tangen / Consciousness and Cognition 48 (2017) 198–211 205
and the no conflict condition, we combined the responses into two variables for each analysis. For instance, to compare
insights, we created two variables, either problems solved through insight or problems solved through non-insight (i.e.,
collapsing over analytic and other solutions). As illustrated in Fig. 5(A) below, when all responses are analyzed, we
receive a picture of how participants arrived at solutions to the problem, regardless of whether the solution they found
was correct or not. Using a McNemar’s test on all responses, we found that when participants solved insight problems
preceded by conflict (i.e., a Necker cube), they were significantly more likely to report insights compared to solving
insight problems preceded by no conflict (i.e., alternating cubes, p = 0.017). Insight problems preceded by conflict were
also associated with fewer reports of analytic solutions than the no conflict condition (p < 0.001), but no difference was
found in reports of ‘other’ solutions. Also illustrated in Fig. 5(B) below, when only correct responses are analyzed, a
McNemar’s test revealed fewer analytic solutions, and more ‘other’ solutions if the problem was preceded by conflict
compared to no conflict (p = 0.003 and p = 0.006, respectively), but there was no difference in the number of insights
reported in the two conditions. This may suggest that although participants reported experiencing more insights follow-
ing Necker cubes (as hypothesized), these insights were not necessarily accurate.

Initially, the differential warmth data for correct responses were surprising. We found that the total warmth ratings
appeared larger in the conflict (M = 0.35) compared to the no conflict (M = 0.31) condition. However, in Experiment 2, we
were less interested in the metacognitive patterns (since they ought to be approximately the same across insight prob-
lems), but more interested in the number of insights participants experienced. Therefore, as in Experiment 1, the
warmth ratings were partitioned into analytic solutions (differential warmth rating greater than zero) and insight solu-
tions (differential warmth ratings of zero or less). The results show a marginally significant difference between insight
problems preceded by a Necker cube (conflict condition, M = 3.80) and insight problems preceded by alternating cubes
(M = 3.43), t(79) = 1.58, p = 0.059, potentially suggesting more sudden solutions when the problem was preceded by a
conflicting Necker cube. Warmth measures are less sensitive than the self-report measure because problems that are
solved very quickly cannot be analyzed, which may account for the marginal effect. There was also a moderate to strong
correlation between the amount of self-reported insights and insights recorded based on the warmth data (r = 0.61,
n = 51, p < 0.001).

4. General discussion

While discussing scientific revelations with Fred Hoyle, Richard Feynman expressed a burning curiosity to find the con-
ditions that lead to the kind of breakthrough insights he’s had in the past. He goes on to say, ‘‘Some man suggested I think
about it once because if I could only figure out the formula for what condition to be in to get good ideas, I’d be much more
efficient and more happy.” One of the implications of this study may be that situations which induce conflict, or conflict
experienced during the problem-solving process, may be an important precedent of an insight moment. Once a conflict is
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experienced between our current interpretations or assumptions and another competing interpretation or assumption, then
there is an opportunity to engage control, and step aside from the existing rut to a novel perspective, which if we are lucky, is
a vantage point from which we can discover the solution: ‘Aha!’.

Experiment 1 demonstrated a familiar pattern whereby someone who was better at ‘solving’ or re-interpreting a visual
stimulus was also better at solving an insight problem. At this stage, there is substantial evidence for the positive relation-
ship between ambiguous or bistable images and insight problems (Doherty & Mair, 2012; Maier, 1930; Ohlsson, 1984, 2011;
Schooler & Melcher, 1995; Sternberg & Davidson, 1995; Wiseman et al., 2011). We also found similar metacognitive pat-
terns: both ambiguous figures and insight problems lead to more sudden and unexpected solutions than analytic problems.
Our results further indicated that switching perspectives in an ambiguous image may also relate to analytic problem-solving
more strongly than previously thought. However, we have assumed—based on previous research and our metacognitive
data—that this effect is not equivalent to the relationship between ambiguous images and insight problem-solving. Pending
further research, this should be considered a possible caveat to our interpretation of the results that follow. Previous research
on the neural correlates of insight indirectly implicate the Conflict Monitoring System as a potential mechanism for resolving
conflict in both ambiguous images and insight problems (Botvinick et al., 2001; Kan et al., 2013; Subramaniam et al., 2009;
Kounios & Beeman, 2009). Experiment 2 aimed to explore this hypothesis by examining whether it is possible to elicit con-
flict adaptation in insight problems using a bistable image. As predicted by Conflict Monitoring Theory, in Experiment 2, we
found that insight problems were more likely to be solved accurately when they were preceded by a Necker cube, as opposed
to two alternating cubes. This result suggests that when the Conflict Monitoring System is engaged through exposure to con-
flict in the Necker cube, then the associated control mechanisms assist participants in resolving subsequent representational
conflict in an insight problem (Kan et al., 2013).

Overall, the metacognitive results of Experiment 2 were also in the expected direction and consistent with previous
research showing that experiencing conflict—presumably activating the functions of the anterior cingulate cortex—will lead
to more subsequent insights during problem-solving (Kounios et al., 2006; Subramaniam et al., 2009). Overall, participants
reported more insights and fewer analytic solutions when preceded by a Necker cube compared to the no conflict control.
When analysing the correct responses only, the same results did not entirely emerge, although the direction was the same. It
may be that the insights participants indicated experiencing following Necker cubes were not necessarily accurate insights.
Nevertheless, even in the ‘correct responses’ subset, the Necker cube condition did encourage fewer analytic solutions and
more ‘middle-ground’ solutions, appearing to shift participants in the expected direction (i.e., towards more insight-like
solutions).

In order to formalize the proposed role of conflict monitoring with regard to ambiguous images and insight problems,
Fig. 6 illustrates a basic schematic representation of the Conflict Monitoring System as a moderating factor in the successful
switching from one interpretation to another conflicting interpretation. The model is general enough to capture how the
Conflict Monitoring System relates to two tasks as seemingly disparate as insight problems and ambiguous images. It is
likely, however, that as the context of the insight becomes increasingly complex (e.g., conflicting interpretations of Feyn-
man’s theory of helium), then domain specific knowledge and experience will be considerably more predictive of insights
relative to an engaged Conflict Monitoring System. Nevertheless, if the domain specific information and experiences are
exhausted, engaging in active comparisons of one’s assumptions or interpretations, or indeed engaging in an unrelated
but conflict inducing task, may be the missing ingredient for an insight moment.

There is some evidence that deliberately comparing conflicting assumptions on a problem will help with solving it.
Patrick, Ahmed, Smy, Seeby, and Sambrooks (2015), demonstrated a marked improvement (between 24% and 40%) in insight
Fig. 6. A proposed moderation model in which the Conflict Monitoring System moderates the likelihood of switching between two interpretations of an
insight problem or bistable image. The Conflict Monitoring System can be engaged both by task-relevant or task-irrelevant conflicting stimuli.
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problem-solving when participants were instructed to check for inconsistencies between their interpretations of parts of the
problem and the problem’s specification. Naturally, this technique increases the chances of the participant discovering the
correct interpretation simply by virtue of exploring other hypotheses. However, the moderation model in Fig. 6 suggests that
in some cases it may be enough to simply engage the system (i.e., the Conflict Monitoring System) in order to boost the like-
lihood of switching interpretations and experiencing an insight, which may partly explain the effectiveness of this technique.

There are some considerations for interpreting the results of this study. In Experiment 2, we have not included an
analytic problem-solving task. It is perhaps important to test whether conflict can improve problem-solving more gen-
erally, although this is highly unlikely to be the case given previous research showing that conflict adaption does not
improve accuracy with stimuli that do not also have conflict present (Botvinick et al., 2004; Kan et al., 2013). Concep-
tualizing insight problems as situations of representational conflict is also potentially problematic. We assume that
there is conflict occurring below awareness between the initially adopted incorrect (dominant) interpretation, and
the correct one, and perhaps on the surface the kind of conflict in an insight problem appears different to the kind
of conflict experienced in a Stroop task. However, even in the case of the Stroop task, the conflict between the word
and the color does not occur consciously. A participant does not need to read the word ‘‘red” in their mind’s eye, then
notice that the word is in fact blue, before deciding to resolve the conflict between the word and the color. This conflict
resolution process occurs below awareness, therefore, it is not a stretch to suggest that a conflict between possible
interpretations of an insight problem may also occur below awareness. It is also possible that there is something about
the Necker cube, which is unrelated to conflict, that improves subsequent insight problem-solving. However, we believe
the hypothesis that a Necker cube can improve subsequent insight problem-solving is sufficiently counterintuitive that
the Conflict Monitoring System is the best candidate mechanism at this time. It is also possible that cognitive control
elicited by the Necker cube improves insight problem-solving in some way unrelated to the Conflict Monitoring System,
but we do not have a competing hypothesis. If cognitive control processes are responsible, it is still unknown precisely
how this is aiding in the insight problem-solving process. For example, it may be that cognitive control assists specif-
ically with switching between competing representations, or it may be that cognitive control simply deactivates fixed-
ness on the initial, dominant interpretation (or indeed both). Another possibility, as proposed by Kounios et al. (2006),
is that activation of the anterior cingulate cortex is responsible for suppressing irrelevant thoughts such as daydream-
ing, however, there is some evidence that daydreaming may indeed improve insight problem-solving (e.g., Zedelius &
Schooler, 2015).

We do not know how well the effects from Experiment 2 generalize. For example, does observing a Necker cube also
improve performance in remote associate problems? To better understand the role of the anterior cingulate cortex, an fMRI
study would be informative. For example, if observing a Necker cube does not activate the anterior cingulate cortex, but still
improves insight problem-solving, then perhaps this brain region is not as important as we think. On the other hand, if
observing a Necker cube improves insight problem-solving only when the anterior cingulate cortex is activated, then this
would support the role of the Conflict Monitoring System in both tasks. Purely for the purposes of increasing the number
of insights, it may also be interesting to simply identify tasks which most effectively activate the anterior cingulate cortex,
and explore the extent to which these tasks promote subsequent insights.

Over a century ago, Jastrow proposed that the duck-rabbit illusion can be used to measure creativity (Jastrow, 1900). We
continue to find support for Jastrow’s bold claim, and propose that—at least conceptually—the conflict we experience
between two interpretations of an image is similar to the conflict we experience between two perspectives in a verbal insight
problem. In order to switch perspectives in both tasks (i.e., overcome the conflict), we may be engaging the same cognitive
processes and capacities. Indeed, we find that observing a Necker cube can improve insight problem-solving and may lead to
more experiences of insight, perhaps because the Necker cube engages the capacities necessary for insight to occur. Future
work is necessary to determine the precise mechanism, although the Conflict Monitoring System is one candidate. We also
find general support for Schooler et al. (1996) who proposed shared cognitive processes between switching representations
of ambiguous images and insight problems, and for Subramaniam et al. (2009), who suggested that cognitive control mech-
anisms ‘‘. . .could be an important component of what insight researchers variously term cognitive restructuring and flexi-
bility or ‘breaking set’ and ‘overcoming functional fixedness.’”
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Appendix B. Illustration of warmth ratings

A traditional insight problem was presented on the left of the screen alongside a warmth bar on the right of the screen.
Warmth ratings appear every 15 s (Experiment 1) or 10 s (Experiment 2).
The answer to the problem is: The magician throws the ball straight up in the air.
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