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Abstract Problem solving is sometimes accompanied by a
sudden feeling of knowing, or insight. The specific cognitive
processes that underlie insightful problem solving are a matter
of great interest and debate. Although some investigators
favor a special-process view, which explains insight in terms
of specialized mechanisms that operate outside of conscious
awareness, others favor a business-as-usual account, which
posits that insightful problem solving involves the same con-
scious mechanisms—including working memory (WM) and
attention—that are implicated in noninsightful problem solv-
ing. In the present study, we used an individual-differences
approach to explore the contributions of WM and attention to
the solution of compound remote associate (CRA) problems.
On the basis of self-report insight ratings, we identified CRA
problems whose solution was accompanied by a subjective
feeling of insight and examined the correlations between
problem performance and measures of WM capacity (verbal
and spatial) and attention control (Stroop and antisaccade
tasks). The results indicated that individual differences in
verbal WM and attention significantly explained variation in
overall CRA problem solving and, most importantly, in the
occurrence of solutions that were accompanied by a feeling of
insight. The findings implicated both modality-dependent
WM mechanisms and modality-independent attention control
mechanisms in this class of insight problems. Comparisons of
the accuracy and solution-latency findings for insightfully
versus noninsightfully solved CRA problems, and for partic-
ipants working silently versus in a “think-aloud” condition,
provided additional evidence against the special-process view,
and reinforcing the business-as-usual account of insight.
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The phenomenon of insight in problem solving and creative
thinking—the sudden realization of the solution to a problem
after a period of impasse, the sudden movement from befud-
dlement to understanding—has captured the interest of re-
searchers and laypersons alike (e.g., Lehrer, 2008). Many refer
to the story of Archimedes (circa. 287-212 BC), who, on
immersing himself in his bath, suddenly realized the solution
to the problem of how to measure the volume of the king’s
crown, with the result that he leaped out of the bath and ran
naked through the streets of Syracuse shouting “Eureka!” (“I
have found it!”). Archimedes’s discovery, although probably
apocryphal (for a discussion, see www.math.nyu.edu/~crorres/
Archimedes/Crown/Crownlntro.html), is still cited by re-
searchers (e.g., Luo & Knoblich, 2007) as a paradigmatic case
of insight in problem solving, and the terms eureka event or
aha! experience are now used to refer to similar moments of
sudden realization experienced by all of us.

Despite a long history of interest in the nature and phenom-
enology of insight experiences, debate continues as to the
specific mechanisms that differentiate problem solving that is,
and is not, accompanied by insight. A commonly drawn dis-
tinction is that non-insightful solution arises through methodi-
cal, goal-directed, and strategic—or analytic—processes that
are available to conscious awareness, whereas solution through
insight does not (Ohlsson, 2011; Schooler, Ohlsson, & Brooks,
1993). However, evidence from several studies (Chein,
Weisberg, Streeter, & Kwok, 2010; Chronicle, MacGregor, &
Ormerod, 2004; Perkins, 1981) points to the involvement of
analytic processes even in problems whose solution may be
accompanied by a sudden feeling of insight, raising doubts
about the utility of this distinction. For example, in our previous
investigations of the 9-dot problem, a classic insight problem
(Chein et al., 2010), we found that performance was predicted
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by interindividual differences in working memory (WM) ca-
pacity (the conscious mental workspace in which analytic
processes are assumed to be carried out; Baars & Franklin,
2003; Baddeley, 1986). Thus, performance on a problem pre-
sumably requiring insight for its solution was predicted by
individuals’ capacity to mentally store and manipulate infor-
mation in the service of conscious information processing.

In the present research, to further explore the involvement
of WM and analytic processes in insightful problem solving,
we turned to a class of verbal problems, compound remote
associate (CRA) problems, which have been used frequently
in recent studies of problem solving through insight (Ansburg,
2000; Bowden & Jung-Beeman, 2003a, b; Chu & MacGregor,
2011; Cunningham, MacGregor, Gibb, & Haar, 2009; Jung-
Beeman et al., 2004; Kounios et al., 2006; Ricks, Turley-Ames,
& Wiley, 2007; Sandkiihler & Bhattacharya, 2008). In order to
set the stage for discussing the present study, we first examine
the two current conceptions of insight, and then examine recent
research investigating insight in CRA problems.

Two orientations toward insight

Most current researchers agree that solving a problem with
insight depends on restructuring of the problem representa-
tion, which means that the solution to the problem will
develop from a representation that is different from that with
which the individual began (Ohlsson, 1992, 2011; Weisberg,
1995). Restructuring can bring with it a sudden solution,
encapsulated as a eureka event or aha! experience. As we
noted above, solving a problem through insight has been
contrasted with solution as the result of analysis (Novick &
Bassok, 2005; Weisberg, 2006), in which the problem rep-
resentation does not change as the person works through the
problem, and solution typically occurs gradually and without
the strong emotional experience that sometimes accom-
panies insight (Metcalfe, 1986; Metcalfe & Wiebe, 1987).

Insight as a special process

Although there is general agreement among researchers
concerning the overall structure and phenomenology of problem
solution through insight, there has been disagreement concerning
the particular processes underlying insight; that is, the processes
intervening between the initial incorrect solution attempt(s) and
the restructuring that results in solution and the aha! experience.
In one view (Jung-Beeman et al., 2004; Luo & Knoblich, 2007;
Ohlsson, 1992, 2011), which has been called the special-process
view of insight (Ball & Stevens, 2009; Schooler et al., 1993), it is
proposed that those initial failures lead to impasse, a situation in
which the person is at a loss concerning how to proceed. The
occurrence of impasse sets in motion what we can call
restructuring processes. Examples would be spreading activation
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in semantic memory (Ohlsson, 1992, 2011) or switching from
fine-grained left-hemisphere processing to more coarse-grained
right-hemisphere processing (Jung-Beeman et al., 2004). Those
processes, which are outside the conscious control of the person,
may bring about a restructuring of the problem, resulting in
solution accompanied by an aha! experience.

Several different sorts of evidence have been brought forth in
support of the special-process view of insight (for reviews, see
Chein et al., 2010; Fleck & Weisberg, 2004; Gilhooly, Fioratou,
& Henretty, 2010; Gilhooly & Murphy, 2005; Weisberg, 2006).
For example, Schooler et al. (1993; see also Schooler &
Melcher, 1995) demonstrated verbal overshadowing of insight:
Asking participants to think aloud interfered with solution of
insight problems, but not with solution of analytic problems.
That finding was interpreted as evidence that the processes
underlying insight are, in contrast to those underlying solution
through analysis, nonverbalizable and hence outside of the
person’s conscious control.

The special-process view also suggests that WM should play
little or no role in problem solving through insight, since the
solution comes about as the result of processes outside the
conscious planning abilities of the person. Accordingly, evi-
dence indicating that performance on insight problems is not
affected by the imposition of an additional WM load (Lavric,
Forstmeier, & Rippon, 2000), and can be independent of indi-
vidual differences in WM capacity (Ash & Wiley, 2006), has
been offered as support for the special-process view. As we
already noted, our previous results with a visuospatial problem,
the 9-dot problem (Chein et al., 2010), contradicted that view.

Insight as business as usual

In contrast to the special-process view of insight is the
business-as-usual view (Ball & Stevens, 2009; Chronicle
et al., 2004; Chronicle, Ormerod, & MacGregor, 2001;
Gilhooly et al., 2010; Perkins, 1981; Weisberg, 2006), which
proposes that solving a problem through restructuring, per
se, does not mean that some sort of special process, such as
unconscious spreading activation in response to impasse, has
occurred. Rather, the problem solver may change the repre-
sentation of the problem in response to information that
becomes available as a result of failures to solve the problem.
In this vein, Fleck and Weisberg (2004) reported that the box
solution to the candle problem, assumed to be the result of
insight, resulted from restructuring that occurred when new
information became available as the individual worked on
the problem. An example would be when a participant, on
attempting to tack the candle directly to the wall, realized
that the tacks were not large enough to go through the candle.
That realization led to a conclusion that a shelf was needed,
which in turn led to the box.

In an important extension of the business-as-usual view,
MacGregor, Ormerod, and Chronicle (2001; see also Chronicle
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et al.,, 2004; Chronicle et al., 2001) proposed an analysis of
performance on the 9-dot problem (Scheerer, 1963; Weisberg
& Alba, 1981), which claimed that solution depends on the
utilization of heuristic methods, such as a strategy of drawing
lines that cover the largest number of remaining dots. A critical
component in carrying out that strategy is look-ahead: Mentally
determining the state of the problem situation after a series of
lines has been drawn. According to MacGregor et al., people
with greater look-ahead capacity will be more likely to realize
that drawing lines within the square formed by the dots is
doomed to failure, and therefore will turn to the possibility of
drawing lines “outside the box.” Furthermore, look-ahead capac-
ity should play a role in development of the solution of the
problem: people with higher look-ahead capacity will solve the
problem more frequently and quickly than those with lower
capacity.

MacGregor et al. (2001; see also Chronicle et al., 2001) did
not directly examine the relation between look-ahead and 9-dot
performance. Rather, they designed problems that they assumed
would require differing degrees of look-ahead, and found that
participants and computer models took longer to solve the prob-
lems they associated with greater look-ahead. To provide a more
direct test of the role of look-ahead in 9-dot performance, Chein
et al. (2010) operationalized look-ahead as spatial-WM capacity,
and found support for the two hypotheses just outlined: (1)
people with larger spatial-WM spans were quicker to draw
possible solution lines outside the square formed by the dots;
and (2) people with larger spatial-WM spans were quicker to
solve the problem. In addition, performance on the 9-dot problem
was positively related to spatial-WM capacity but not to verbal-
WM capacity, which indicated that performance on the problem
depended most heavily on the ability to visualize the outcomes of
various moves. In sum, our previous work indicated that solution
of the 9-dot problem, a classic insight problem, is related to WM
involvement, and, particularly, the modality-specific component
of WM involved in spatial representation and processing. Those
results raised the question of whether other insight problems,
particularly verbally based insight problems, might also involve
planning in WM. To examine this question, we turned to CRA
problems.

Compound remote associate problems

CRA problems were developed by Mednick (1962, 1968) for
the remote associates test, a test of creative-thinking capacity.
Each CRA problem requires that the individual provide a
solution word that is related to three cue words presented in
the problem, and the problems are designed so that the solu-
tion word is not a strong—that is, frequent—associate to any
cue word. Thus, solution requires that the individual search
through memory to find unusual or infrequent associations.
For example, in one CRA problem, the cue words age, mile,
and sand are presented, and the participant must discover their

common associate—for instance, stone (stone age, milestone,
sandstone; see Appendix A for additional examples). One
could characterize solving a CRA problem as requiring the
individual to think outside the box, in the sense that deriving
remote associations to the cue words in the problem requires
that the person break away from the dominant or high-
frequency associations produced by each cue word in the
problem (Mednick, 1962, 1968).

Aha! experiences when solving CRA problems

The research of Jung-Beeman, Bowden, Kounios, and col-
leagues (Bowden & Jung-Beeman, 2003a; Bowden, Jung-
Beeman, Fleck, & Kounios, 2005; Jung-Beeman et al., 2004;
Kounios et al., 2006) and that of Sandkiihler and Bhattacharya
(2008) supports the conclusion that CRA problems can be
solved through insight. For example, in the study by Jung-
Beeman et al., participants asked to provide subjective reports
of aha! experiences after solution gave “insight” ratings for
more than 50 % of problems. Moreover, those solutions rated
as having evoked a subjective experience related to insight were
associated with a distinct profile of brain activity, as compared
with problems that did not evoke that experience (for a review
of the neurocognitive findings, see Kounios & Beeman, 2009;
for a critique of that research, see Weisberg, 2013).

Working memory in CRA problems

From the special-process view, one might expect that, since
CRA problems are frequently accompanied by insight rat-
ings, performance on this class of problem should not relate
to an individual’s WM capacity. However, the involvement
of both executive (modality-independent) and modality-
dependent components of WM in CRA problem solving is
indicated in prior research.

Some prior studies examining problems other than CRA
problems (e.g., Ash & Wiley, 2006; Gilhooly & Murphy,
2005) suggest that executive components of WM contribute
to insight problem solving by controlling the specific alloca-
tion of attention during the problem attempt. The ability to
direct the focus of attention via executive WM may similarly
be a critical aspect of CRA problem solving. Attention control
mechanisms may act to prevent the solver from being unduly
influenced by irrelevant semantic information encountered
during the problem attempt, and may guide a controlled search
through long-term memory to facilitate the identification of
candidate solution words (Rosen & Engle, 1997; Unsworth,
2009). Evidence from CRA problems supporting this expec-
tation was provided by Ricks et al. (2007). Though their study
was focused on the interaction between domain-knowledge
and problem performance, in two experiments, Ricks et al.
found a significant relationship between individual differences
in WM capacity—measured using complex-WM-span tasks
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(operation span in their Exp. 1; operation and reading span in
Exp. 2)—and problem performance. Since performance on
these complex-WM-span tasks is generally thought to index
executive aspects of WM (Engle, 2002; Kane et al., 2004), the
authors suggested that WM capacity contributes to CRA
performance “through the executive ability to direct or focus
one’s attention” (Ricks et al., 2007, p. 1461).

However, the Ricks et al. (2007) study included only verbal
complex-WM-span measures (the memoranda in the reading
and operation span tasks were letters and words, respectively),
and therefore could not assess the relative contributions of
modality-dependent versus modality-independent aspects of
WM (Baddeley, 1986; Cowan, 1995). Modality-dependent
components of WM (i.e., visuospatial and verbal WM) may
provide an essential platform, specific to the domain in which
a problem is couched, within which the participant can repre-
sent and manipulate the interim products of the problem
attempt, and can plan or simulate alternative approaches to
the problem (Gilhooly, Phillips, Wynn, Logie, & Della Sala,
1999). Both MacGregor et al.’s (2001) model of the 9-dot
problem and our empirical findings with that problem (Chein
et al., 2010) reflect such material-specific WM involvement in
a spatial insight task. With the verbally couched CRA prob-
lems, identifying the common associate word (i.e., the solu-
tion) may demand simultaneous representation in verbal WM
of the three cue words and their respective associates. In
addition, solution may be facilitated by the ability to update
verbal WM and maintain a running record of the set of
associates that have already been eliminated as possible solu-
tions. Support for the involvement of modality-specific WM
mechanisms in CRA performance was provided by a study
conducted by Ball and Stevens (2009), in which they found
that articulatory suppression—the requirement to overtly
repeat an irrelevant utterance (e.g., “1-2-3-4-5") con-
current with the problem attempt—significantly impaired
CRA performance. Since articulatory suppression has
been claimed to selectively block the verbal rehearsal
component of WM (Baddeley, Lewis, & Vallar, 1984; Farmer,
Berman, & Fletcher, 1986), this finding is consistent with the
view that verbally specific WM resources are deployed to
support CRA problem solving.

Although the studies of Ball and Stevens (2009) and Ricks
et al. (2007) point to the involvement of WM in CRA perfor-
mance, an important limitation is that those investigators did
not consider the specific involvement of WM in insightful
solution of those problems. As has been indicated by several
prior studies (Bowden et al., 2005; Jung-Beeman et al., 2004;
Kounios et al.,, 2006; Sandkiihler & Bhattacharya, 2008),
when one asks participants to provide subjective aha! ratings
for solved CRA problems, many of the solved problems are
rated as having been accompanied by feelings of insight, but
many are not. That is, CRA problems are heterogeneous with
respect to the experience of insight, with a significant portion
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reported by participants to be solved through analysis
(noninsightfully). Accordingly, the results from Ricks et al.
(2007) and Ball and Stevens (2009), who made no attempt to
determine which problems were accompanied by a feeling of
insight, may reflect the involvement of WM in only the
specific subset of problems that were solved through analysis,
not those solved through insight. In the present study, we
therefore followed the procedures used in earlier studies in
obtaining subjective reports following solution of each prob-
lem. By separately analyzing the subset of problems solved
with a feeling of insight, we were able to examine more
directly the link between WM and insight in CRA problems.
Furthermore, the conclusions of Ricks et al. (2007) and
Ball and Stevens (2009) are conflicting with respect to their
emphasis on executive versus modality-specific aspects of
WM. Thus, as an additional refinement, we sought to exam-
ine the separate involvement of modality-specific and exec-
utive WM processes in CRA performance, by including both
verbal- and visuospatial-WM assessments. To address a con-
found between mnemonic and nonmnemonic aspects of at-
tentional processing required in complex-WM-span tasks,
we also included in our design a more direct assessment of
attention control by examining individual differences in at-
tention tasks that place few specific demands on memory,
including the antisaccade (Munoz & Everling, 2004;
Unsworth, Schrock, & Engle, 2004) and Stroop color-word
interference (Kane & Engle, 2003; Stroop, 1935) tasks.

Further questions concerning performance on CRA
problems

Verbal overshadowing of insight As we noted -earlier,
Schooler and colleagues (Schooler & Melcher, 1995; Schooler
et al., 1993) have reported that thinking aloud interferes with
performance on insight problems, which has been brought forth
as support for the special-process view of insight. However, a
number of studies have since failed to replicate the finding of
verbal overshadowing of insight (e.g., Chein et al., 2010; Fleck
& Weisberg, 2004; Gilhooly et al., 2010), so it is of interest to
examine that phenomenon further. Only one prior study has
specifically examined verbal overshadowing in CRA problems
(Ball & Stevens, 2009), with mixed results. For a set of CRA
problems chosen because they were easy to solve, and which
the authors argued were likely solved without impasse being
reached, a think-aloud requirement interfered with perfor-
mance. In contrast, for a difficult set of CRA problems, the
think-aloud requirement actually significantly facilitated solu-
tion (i.e., the opposite of a verbal-overshadowing effect was
observed). As was suggested by the authors, those results,
which indicate the absence of a verbal-overshadowing effect
for the set of problems that are most likely to have produced
impasse, are difficult to interpret within the special-process
view and seem to favor the business-as-usual view. However,
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since insight ratings were not obtained in the Ball and Stevens
study, strong conclusions regarding the relationship between
verbal overshadowing and the experience of insight in these
problems could not be drawn. Accordingly, in the present
study we assessed the verbal-overshadowing effect in associ-
ation with problems that were, and were not, rated by partic-
ipants as having been accompanied by a feeling of insight.

Insight and solution time According to the special-process
view, insight occurs in response to impasse, which means that
all solution attempts arising from the initial analysis of the
problem have been exhausted (Ohlsson, 1992, 2011). In con-
trast, noninsightful solutions presumably come about because
one of those early solution attempts was successful. Therefore,
all things equal, insightful solutions should take longer to
produce than solutions without insight. There is some evidence
that contradicts that prediction with CRA problems. In both
Jung-Beeman et al. (2004) and Kounios et al. (2006, Exp. 2),
participants solved problems rated as being accompanied by
insight more quickly than those rated as being noninsightful
(but see Kounios et al., 2006, Exp. 1). The difference in
solution times was not significant, but was in the direction
opposite the one that follows from the special-process view.
More recently, Sandkiihler and Bhattacharya (2008) found that
problems solved with a strong feeling of suddenness were
solved significantly faster than those accompanied by weak
feelings of suddenness. The present study provided an oppor-
tunity to determine the robustness of the finding that insight
ratings coincide with faster, rather than slower, solutions.

In sum, in the present study we examined CRA problems
in order to determine the role of WM and attention in insight,
and analytic, solutions to those verbal problems. We also
examined additional aspects of performance to shed further
light on how these problems are solved, and on the role that
insight might play in solution.

Method
Participants

A group of 53 Temple University undergraduates, fulfilling
an optional course requirement, served as participants. Par-
ticipants were randomly assigned to one of two conditions:
think-aloud (verbalization during problem solving; N = 27)
versus silent (N = 26).

Materials

Sixty CRA problems (Appendix A) were chosen from the set of
144 problems that had been developed by Bowden and Jung-

Beeman (2003b). In an effort to maximize individual differences
(increase variance) on CRA performance, problems were chosen
to represent a widely distributed range of difficulties, on the basis
of the normative solution rates reported by Bowden and Jung-
Beeman (2003b). This was accomplished by ordering all the
problems in terms of normative solution rates. Then, starting
with the most frequently solved problem, we chose every third
problem, with the restriction that problems possessing solution
words that were identical to previously selected problems were
skipped (and, a small number of additional problems were
excluded on the basis of agreement among the experimenters
that the compound associates in the solution would be unfamiliar
to our participant sample). This method resulted in our using
problems from nearly the complete range of solution rates re-
ported by Bowden and Jung-Beeman (2003b).

Procedure

Participants were tested individually in a single session lasting
1 h. All of the participants completed the CRA problem set, two
computerized tests of WM (automated verbal-WM and spatial-
WM tests), and two computerized assessments of attention con-
trol (antisaccade task or Stroop color-word interference task).

CRA problems Following instructions and practice, partici-
pants completed the set of 60 CRA problems. The order of
problem presentation was randomized across participants.
Each problem began with the central presentation of the three
cue words, which remained on the screen throughout the
problem attempt. Participants were given 45 s to solve each
problem by identifying the target word, which they typed
using the keyboard. In the event of an incorrect solution
attempt, participants were prompted (“Sorry, wrong answer.
Keep trying.”) to continue working on the problem until the
time limit was reached. Response latency from the onset of
the problem to the initiation of the response (first keystroke)
was recorded for all correct solutions.

Following a correct solution, participants were prompted
to provide a subjective insight rating. Borrowing heavily
from the approach developed by Jung-Beeman, Bowden,
and their colleagues (Bowden & Jung-Beeman, 2003a;
Jung-Beeman et al., 2004), evidence for aha! experiences
accompanying solution was obtained through a retrospective
subjective-report scale. Specifically, after they solved a prob-
lem, participants were instructed (as described in Appendix-
B) to use a 4-point scale to report the experience accompa-
nying solution. The ratings on the “insight” scale were
counterbalanced, with half of the participants seeing a scale
with highly strategic solutions rated as 1 and highly insight-
ful solutions rated as 4, and the other half of the participants
receiving the reverse scale.

Following “think-aloud” procedures used in prior studies,
half of the participants also received instructions to verbalize
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their thoughts during CRA problem attempts (Fleck &
Weisberg, 2004; Perkins, 1981). Instructions concerning
production of protocols were taken from Fleck and Weisberg
(2004). Periodic reminders to think aloud were given by the
experimenter between problem attempts. Since we were
interested only in the possible influence of thinking aloud
on performance, we did not record the protocols.

Verbal-WM task Verbal-WM capacity was measured using
an automated version of the operation span (OSPAN) task
(Unsworth & Engle, 2005). In a typical OSPAN task, the
participant must retain a series of verbal items (e.g., letters,
words) presented in an interleaved fashion between a series
of simple arithmetic equations. The experimenter controls
the stimulus timing to match the participants’ individual
speed of processing. In the automated version of the task,
the participants complete a number of practice arithmetic
problems prior to WM assessment, and the mean time to
solve those equations is used to automatically (computer-
paced) titrate the rate of item presentation during WM test-
ing. The automated version we used required letter recall,
and the to-be-remembered letters were subsampled from a
set of 12 English consonants. Participants completed three
trials at each set size ranging from three to seven letters.
Letter recall was tested at the end of each trial, by displaying
the complete array of 12 possible letters and requiring the
participant to identify (by mouse click) the presented subset,
in serial order. The participant’s final score was calculated by
summing the number of letters correctly identified (correct
letter in the correct serial position) across all presented sets,
with a maximum attainable score of 75.

Spatial-WM task Spatial-WM capacity was measured using
an automated version of the symmetry span (SSPAN) task
adapted from Kane et al. (2004; see also Heitz & Engle,
2007), which followed the same structure as the automated
measure of verbal WM. In the SSPAN task, participants
attempted to retain a sequence of spatial locations (positions
on a 4 x 4 grid) interleaved with a series of symmetry
judgments (in which the participant must determine if the
shaded regions of an § x 8 matrix are symmetric about the
central vertical axis). The rate of item presentation was again
automatically titrated to the individual’s speed at performing
the symmetry judgment task alone. Participants completed
three trials at each set size, with set sizes ranging from only
two to five items, due to the relative difficulty of location
memory (as compared with letter memory). Location recall
was tested at the end of each trial, by displaying the 4 x 4 grid
and requiring the participant to identify the presented subset
of locations in serial order. The participant’s final score was
the number of locations correctly identified (correct location
in the correct serial position) across all presented sets, with a
maximum attainable score of 42.
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Antisaccade task The antisaccade task requires participants
to resist the reflexive orienting of attention toward a visual cue
and to intentionally redirect their attention in the opposing
direction. We used a variant, developed originally by Kane
and colleagues (Kane, Bleckley, Conway, & Engle, 2001), in
which participants attempted to identify a pattern-masked
target stimulus that appeared very briefly on the side of the
screen opposite from the visually presented cue (“="). The
target stimulus on each trial was one of three capitalized letters
(“B,” “P,” or “R”), and participants responded on each trial by
pressing a correspondingly labeled key (labeled with “B,” “P,”
and “R” stickers) on the number keypad. Each trial was
participant-initiated (by pressing the spacebar). After an
unpredictable interval between 200 and 2,200 ms, the visual
cue flashed on either the left of right side of the screen,
followed 50 ms later by the presentation of the target stimulus
in the analogous position on the opposite side of the screen.
The target stimulus was masked after 100 ms (replaced by an
“H” and then an “8”), so successful target detection required a
rapid attentional shift away from the cue and toward to the
target location. Target identification accuracy was used as the
primary dependent measure of performance on this task.

Stroop task The Stroop task is a widely used measure of the
ability to internally guide attentional processing toward one
source of information (the font color) while suppressing a
prepotent response to an irrelevant source of information
(the written word). In our variant, participants viewed a series
of color-name words written in varying font colors (e.g., “red”
written in blue font), and were required to respond to only the
font color (blue) by depressing a correspondingly labeled key
on the keyboard. After a practice block consisting of 60 trials,
participants completed three task blocks comprising 60 trials
each, with an equal number of congruent (e.g., “red” in red
font) and incongruent (e.g., “red”” written in blue font) trials in
the series. Since accuracy is generally very high in this task,
individual differences in performance were indexed by calcu-
lating the difference in participants’ response times for con-
gruent versus incongruent trials (i.e., the congruency effect),
excluding trials for which an inaccurate response was given.

Results

Measures of the proportion of participants solving each
problem, and the average time to the solution for each
problem, were available for the present study and for the
normative study conducted by Bowden and Jung-Beeman
(2003b). Correspondences between our results and the prior
norms, presented in Table 1, provided confidence in our
CRA problem results. As can be seen in the table, the
measures were all highly and significantly intercorrelated,
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Table 1 Correlations between CRA performance in the present study and published norms

CWACC CW Time B/J-B ACC B/J-B Time
CWACC X
CW time -.59 X
B/J-B ACC .80 —44 X
B/J-B time -.55 .50 —.67 X

CW = data from the present study (i.e., Chein & Weisberg); B/J-B = data from the CRA norms provided by Bowden and Jung-Beeman (2003b). ACC
= overall CRA solution accuracy. All of the correlations exceeded a statistical significance threshold of p < .05.

with the highest correlation being between the proportions of
solutions across the two studies. Thus, our study provided a
strong replication of the normative data.

Reports of insightful solutions

On average, our participants successfully solved approximate-
ly 25 (M =24.75 problems, SD = 7.6) of the 60 CRA problems
presented (42 %). As expected, and also consistent with prior
findings (Jung-Beeman et al., 2004; Kounios et al., 2006;
Sandkiihler & Bhattacharya, 2008), our participants reported
that insight accompanied solution a significant proportion of
the time. Of the solved problems, ratings associated with
either a strong feeling of insight (M = 35 %, SD = 23 %) or
a partial feeling of insight (M = 28 %, SD = 16 %) were
obtained for an average of 64 % (M = 15.83 problems, SD =
7.0) of the solved problems. Problems rated as having been
solved either partially (M =19 %, SD = 12 %) or entirely (M =
17 %, SD = 21 %) through analysis (strategy) accounted for
the remaining 36 % (M = 8.92 problems, SD = 5.8) of
solutions. In further analyses based on these subjective rat-
ings, we collapsed the ratings into two categories: Problems
with complete or partial insight ratings were treated as insight-
fully solved; problems with complete or partial strategy ratings
were treated as analytically solved. Moreover, for all analyses

making a distinction between insightfully and analytically
solved problems, the problem classifications relied on each
participant’s own ratings of the problems. That is, different
sets of problems were treated as insightfully or analytically
solved for different participants, according to the insight rating
that each individual provided.

Verbal overshadowing of insight?

Before proceeding to other analyses, we investigated the
presence of verbal overshadowing of insight, because, beyond
interest in that question per se, the outcome of that analysis
informed how we would proceed in subsequent analyses
conducted across individuals in the think-aloud and silent
conditions. In order to examine the possible overshadowing
effect of instructions to think aloud on CRA performance, we
first compared the overall performance exhibited by partici-
pants asked to think aloud to that exhibited by participants
who worked silently on the problems. Two variables were of
interest: the number of problems solved, and the time to reach
the solution for solved problems. As is shown in the first two
lines of Table 2, the two experimental conditions produced
nearly identical behavior on both measures. In other words,
the results provided no reliable evidence for verbal
overshadowing of overall CRA performance.

Table 2 Comparison of CRA performance in silent versus think-aloud protocol groups

Verbalization Condition

Group Comparison

Silent Think-Aloud Statistic P
M (SD) M (SD)
OVERALL PERFORMANCE
1. Proportion solved 42 (.13) 40 (.13) #(51)=0.66 51
2. Time to solution(s) 12.72 (2.4) 12.68 (2.7) #(51)=0.06 .95
INSIGHT
3. Average problem rating* 2.1(0.5) 2.3 (0.6) Mann—Whitney test 22
4. Proportion solved w/insight .68 (.20) .59 (.25) t(51)=145 15
5. Time to insightful solution (s) 9.74 (5.72) 10.61 (6.36) #(51)=10.53 .60
6. Time to noninsightful solution (s) 22.95 (5.77) 20.24 (6.51) t(51)=1.58 12

* All participants’ ratings are converted into the following scale: 1 = Complete insight, 2 = Partial insight, 3 = Partial strategy; 4 = Complete strategy.
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The verbal-overshadowing hypothesis predicts specifically
that verbalization should interfere with insight. Therefore, one
might expect that when individuals solved problems while
thinking aloud, they would do so without insight. Similarly,
one might expect that, even when a problem was solved
through insight in the think-aloud condition, it would take
longer to do so. Thus, as further tests of the hypothesis of
verbal overshadowing of insight, we examined several addi-
tional results, summarized in lines 3—6 of Table 2. The two
groups were not different in their ratings of the problems (line
3) or in the proportions of problems that they solved with
insight (line 4). Solution latencies also did not differ across the
two protocol groups for problems of either rating type (lines 5
and 6). The solution latency data did, however, suggest a
possible crossover interaction, which we tested via a two-
way mixed-effects ANOVA, with Rating Type (insight,
noninsight) as a within-subjects factor and Protocol Group
(silent, think-aloud) as a between-subjects factor. The interac-
tion did not approach significance: F(1, 49) =1.37, p = .237.
Thus, across a series of tests we found no evidence that the
two groups differed, indicating no verbal overshadowing of
insight in this problem set. Having obtained no significant
differences between individuals given instructions to com-
plete the problems in silence or while thinking aloud, we
proceeded by combining the data from the two protocol
groups and including protocol condition as a covariate in all
of the subsequent analyses.

WM, attention control, and insight in CRA problems

Descriptive statistics for the WM and attention control mea-
sures included in this study are provided in Table 3.

Partial correlations Table 4 presents the partial correlations
between CRA performance and the set of individual-
differences measures included in the study, controlling for
protocol group.' To explore the consistency of our results
with those obtained by Ricks et al. (2007), we first investi-
gated the potential involvement of WM in overall CRA
problem solving by constructing a composite index of WM
capacity. The composite WM score was based on partici-
pants’ averaged verbal (OSPAN) and spatial (SSPAN) WM
scores, which were correlated » = .66 in our sample. A test of
the simple correlation between individual differences in this
composite WM index and the proportion of CRA problems
solved was highly significant, a result that closely parallels
that obtained by Ricks et al.

" In order to ensure that the relationships among WM, attention, and
CRA performance were not affected by protocol generation, we also
examined simple correlations between relevant variables separately for
verbalization and nonverbalization conditions. Despite the reduced de-
grees of freedom brought about by splitting the sample, a very similar
pattern of effects was found.
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To further elucidate the involvement of executive atten-
tion versus mnemonic processes in CRA task performance,
we also examined the relationship between performance on
the two attention control measures and CRA performance.
Since the antisaccade and Stroop color-word interference
tasks were not significantly correlated with one another in
our sample (» = .24), each measure was considered separate-
ly (it is noteworthy that the internal consistency of our Stroop
measure was somewhat poorer than that obtained for other
measures—see Table 3—and this may explain why the two
attention measures were not significantly correlated; cf.
Kane et al., 2004). As is shown in Table 4, Stroop perfor-
mance was not a strong predictor of CRA performance, but
individual differences in antisaccade performance were high-
ly predictive of the overall proportion of CRA problems
solved, suggesting that the ability to control the focus of
one’s attention might also be an important aspect of CRA
performance.

One further aspect of the relationship between WM ca-
pacity and insightful solution of CRA problems was ex-
plored during this analysis step. Namely, one possibility is
that individuals with higher WM solve more CRA problems
(including those given insight ratings) simply because they
reach impasse sooner, and not because WM supports the
process of solution following impasse (i.e., WM relates to
reaching impasse, not to the subsequent insightful solution of
a problem). To explore this possible confound, we examined
the correlations between WM (both verbal and spatial) and
time to solution for all problems (collapsed) and for each
problem type separately (insight, analytic). None of the
correlations with time to solution approached significance
(r<.20, p > .10).

Multiple regression The preceding analyses did not discrim-
inate problem solutions on the basis of whether they were or
were not accompanied by a feeling of insight. Moreover, the
correlations were confounded due to substantial shared variance
between the individual performance measures included in the
study. Those analyses therefore do not support strong conclu-
sions regarding the unique contributions of modality-dependent
aspects of WM, modality-independent aspects of WM, and
nonmnemonic processes associated with the control of attention.
Accordingly, in subsequent analyses we used a multiple-
regression approach that allowed us to parcel out these potential-
ly separate contributors to CRA performance.

Our initial multiple regression model tested the two WM
measures, verbal and spatial WM, as simultaneous predictors
of the overall number of CRA problems solved. Only verbal
WM significantly predicted CRA solution rates (G = .40; t =
2.25, p = .03), and a significant bivariate relationship [#(52)
= .28, p = .04] previously observed between spatial WM and
CRA solution was completely eliminated (5= .04;¢=0.22, p
=.83) when shared variance between the two WM measures
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Table 3 Descriptive statistics for working memory (WM) span and attention control measures

Measure N Range (Min., Max.) M SD Skew Kurtosis Cronbach «
Verbal WM (OSPAN) 52 67(8,75) 52 15.4 -84 53 .83

Spatial WM (SSPAN) 50 35(7,42) 28 8.0 -34 —-.14 .86
Antisaccade 53 57 % (30 %, 87 %) 56 % 16 % 12 —.86 .87

Stroop congruency effect 53 228 ms (=5 ms, 222 ms) 67 ms 56 ms 75 —-.10 73

Only one participant achieved the maximum score of 75 in the OSPAN task, and two achieved the maximum score of 42 in the SSPAN task. The
inclusion of participants who reached the ceiling on these measures did not substantively impact the results (see also Fig. 1).

was accounted for. This outcome suggests that although
executive WM processes, reflected in the shared variance
of the verbal- and spatial-WM measures, may be instrumen-
tal in CRA performance, verbal-WM processes also make a
unique and significant contribution to CRA problem solving.
This is an important, and novel, finding.

However, as noted above, the critical test of the involve-
ment of WM in insightful solution of CRA problems called
for separate analysis of problems whose solutions were ac-
companied by a feeling of insight. We used two methods to
index the occasions of insightful CRA problem solving.
First, we examined whether either WM measure predicted
individual differences in the number of solved CRA prob-
lems that were given an insight rating (complete or partial),
out of the 60 total problems. Repeating the multiple
regression on only those insightfully rated problems,
we found again that verbal WM was a significant pre-
dictor (B = .39; t = 2.22, p = .03), whereas spatial WM
was not (6 = —.01; t = —0.08, p = .94). Figure 1 shows
the scatterplot for the data that produced this pattern of
results.

Our second method took into account an assumption from
the special-process view—that is, that insight can occur only
after attempts at analysis have failed and an impasse is
reached.? From this assumption, problems solved through
analysis should be excluded from calculations concerning
the occurrence of insight. Accordingly, a more precise mea-
sure of the likelihood of problem solving through insight
would be the proportion of problems solved with insight as a
proportion of the problems remaining after excluding those
solved through analysis. Examining the proportions of CRA
problems solved via insight after discounting those solved
via analysis again indicated a significant relationship be-
tween verbal WM and CRA performance (3 = .44; t =
2.49, p = .02) and no relationship with spatial WM (5 =
—.04; t=-0.21, p = .83).

2 Average response latencies for problems rated as having been solved
through insight versus analysis are presented later. We carried out the
present analysis in order to proceed according to the constraints of the
special-process account, even though those latency results seem to
contradict the relevant assumption.

To assess the relative contributions of mnemonic and
nonmnemonic processes underlying CRA performance, we
next tested an expanded multiple regression model that included
the two WM measures (verbal or spatial WM) as well as the two
attention control measures (antisaccade or Stroop) as simulta-
neous predictors of overall CRA problem solving, and only of
insightfully rated CRA problems (both methods). If only WM-
dependent processes are important in CRA performance, we
would expect that the inclusion of nonmnemonic attention
control measures would have no further impact on the adequacy
of the model, and that neither attention control measure would
account for a significant portion of unique variance in CRA
performance. On the other hand, if nonmnemonic attentional
processes are additionally relevant to CRA performance, we
might expect these measures to be significant in the model, and
a consequent improvement in the overall fit of the model.

The results of the expanded multiple regression model
support the latter expectation. Specifically, inclusion of atten-
tion control measures in the model substantially improved the
overall model fit (from R* = .19 to R* = .39) for individual
differences in the total number of CRA problems solved, with
both verbal-WM (3 = .48; ¢ =2.90, p = .006) and antisaccade
task (B = .43; t = 3.11, p = .003) measures accounting for a
significant portion of the variance. This same pattern of results
was obtained when only CRA problems solved with an insight
rating were considered as the dependent variable in the model.
Once again, the overall model fit improved (from R* = .19 to
R* = 30), and individual differences in both verbal WM (3 =
A43; t=2.45, p=.02) and antisaccade task performance (5 =
33; ¢t =225, p = .03) were significant factors. Finally, in a
model treating the two WM measures and the two attention
control measures as simultaneous predictors of the proportion
of insightfully solved problems out of the opportunities for
insight (after discounting problems solved through analysis),
we again found the same pattern, with verbal WM (3=.50; ¢ =
2.99, p=.005) and antisaccade performance (3= .40;t=2.87,
p =.006) as significant factors.

Insight and solution time

Solution times for the solutions rated as being insightful (M =
10.14, SD = 6.06) versus noninsightful (M = 21.74, SD = 6.16)
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Table 4 Correlations between CRA performance, working memory (WM), and attention control measures

CRA Solved CRA w/ Insight CRA w/ Analysis WM Composite  Verbal WM Spatial WM Antisacc.  Stroop
CRA Solved X
w/ Insight 697 X
w/ Analysis 497 -30° X
WM Composite .40 35" 11 X
Verbal WM 43" 39" 10 91" X
Spatial WM 30" 25 11 91" 66" X
Attention Control
Antisaccade 50" 39" 19 377 25 42 X
Stroop 22 14 .10 28" 317 20 24 X

Antisacc. = Antisaccade task. ~ p < .05; " p < .01, two-tailed.

were very significantly different in the present study, £(51) = 8.0,
p < .001, and this effect of rating on solution times did not
interact with protocol condition, F(1, 49) = 137, p =
.25. The direction of the result contradicts the prediction
based on the special-process view: Insightful solutions
were produced significantly faster than noninsightful
solutions.

Discussion

Our results provide replications and extensions of several
important findings in the literature. In addition, they raise
questions concerning our understanding of insightful prob-
lem solving in CRA problems. In support of other studies,
we found that a significant proportion of CRA problems
were reported as being solved suddenly, in what participants
subjectively regard as an aha! experience.

The most important new finding from the present study is
that both modality-specific and executive components of
WM (i.e., those associated with the control of attention) are
important in insightful solution of CRA problems (i.e., prob-
lems rated as having arrived with a feeling of suddenness and
certainty). We examined CRA problems in this study in order
to extend the findings from Chein et al. (2010) that visuo-
spatial aspects of WM were related to solutions of the 9-dot
problem, but measures of verbal WM were not. It was
expected that, in the present study using verbal problems,
the modality-specific effect would be reversed. The findings
were consistent with that expectation. Specifically, a mea-
sure of verbal WM accounted for unique variance in overall
solution rates, and in the solution of problems rated as being
solved through insight, whereas a weaker correlation be-
tween visuospatial WM and CRA performance was found
to be nonsignificant once shared variance was taken into
account. Extending those results, we discovered that individ-
ual differences on at least one measure of nonmnemonic
attentional control (antisaccade task performance) were also
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correlated positively with individual differences in both
overall and insightfully rated CRA solutions, and accounted
for variation in CRA performance above that captured by the
WM assessment instruments alone.

One unexpected result was the lack of a significant cor-
relation between WM and the solution of problems rated as
having been solved via analysis. From both the special-
process and business-as-usual accounts, one would have
expected a positive relationship between these variables.
Indeed, one could argue that the business-as-usual account
that we have advocated is undermined by an obvious differ-
ence between insight and analytic problem solving in this
study (e.g., only the former correlated with WM and atten-
tion). We would emphasize, however, that a relationship
between WM and analytic problem solving has been
shown time and time again in prior research, and we
suspect that the null outcome in the present sample (the
absence of a correlation between WM and analytic CRA
solutions) is an artifact of the procedure. Specifically,
we note that on average the participants in this sample
reported having solved only a small number of prob-
lems by way of analysis: about half as many as were
solved with an “insight” rating. Thus, it is possible that
there was simply too restricted a range in which to
discover significant correlations between WM and solution
through analysis (i.e., too little variance was associated with
the number of analytic solutions reported across participants;
we acknowledge, however, that a Levene’s test for homoge-
neity of variances did not indicate a statistically significant
difference in the variances obtained for the number of insight-
fully vs. analytically solved problems).

In combination, the present findings lead us to a multi-
faceted account of how WM and attention might function in
solution of CRA problems. First, verbal WM may serve as a
temporary repository in which the problem solver can simul-
taneously represent and evaluate the problem cue words and
their respective associates, and can keep track of already-
tested candidate solutions (i.e., associates of one word that
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Fig. 1 Scatterplot of the relationship between the number of CRA
problems solved with an insight rating and individual participants’
scores on each of the two working memory (WM) span measures

are not associates of the other words). Attention control
mechanisms likely play an essential supervisory role in ex-
ecuting and monitoring those modality-specific WM pro-
cesses (Baddeley, 1986; Cowan, 1995; Engle, 2002). In
addition, attentional processes may further act by allowing
the solver to focus a search through long-term semantic
memory for candidate solutions, and to prevent the solver
from being unduly influenced by potential sources of inter-
ference, such as dominant associative responses that intro-
duce irrelevant semantic information during the problem
attempt. The positive correlation observed between the ca-
pacity for attention control and the solution of CRA prob-
lems (even those accompanied by a feeling of insight) seems
to contradict a view of insightful problem solving that argues
that insight results from a loosening of one’s attentional
focus (in that view, solution is prevented by an excessive
focus of attention on an “inappropriate” problem representa-
tion; Jung-Beeman et al., 2004; Knoblich, Ohlsson, Haider,
& Rhenius, 1999; Sandkiihler & Bhattacharya, 2008).

The “loosening-of-attention” view of insight (Wiley &
Jarosz, 2012) has been supported by several studies that have
found that WM capacity interacts in various ways with
aspects of insight problems. For example, Ash and Wiley
(2006; see also Ricks et al., 2007) designed sets of insight
problems with few versus many initial moves available and
found that WM span predicted performance on the problems

20

@ Verbal-wM
O Spatial-wm

= Linear [Verbal-WM}

Linear (Spatial-WM}

25 30

(verbal and spatial). The solid line represents the regression for the
verbal-WM span measure (OSPAN), and the dotted line represents the
regression for the spatial-WM measure (SSPAN)

with many moves available, but not on the problems with
few moves available. Those results were interpreted as
supporting the idea that restructuring in problem solving
(the main impediment in problems with few moves avail-
able) was not dependent on strategic or analytic processes.
Similarly, Gilhooly and Fioratou (2009) found that perfor-
mance on insight problems was not linked with executive
functions of inhibition or switching but was linked positively
to measures of verbal and visuospatial working memory
capacities. Those results were also taken as evidence for
nonstrategic factors in solution of insight problems.

However, it should be noted that none of the just-cited
studies directly assessed the critical aspects of insight—that
is, impasse and restructuring (and neither did the present
study). It was assumed, on the basis of problem selection
or problem design, that impasse and restructuring were crit-
ical in solving the insight problems that were investigated,
but we have no direct evidence that that conclusion is
warranted. Therefore, at present there is simply insufficient
evidence to explain possible conflicts between the conclu-
sions drawn here and those from other studies. For further
discussion of this and related issues, see Ash, Cushen, and
Wiley (2009).

One further plausible explanation for the observed rela-
tionship between WM and insightful solution of CRA prob-
lems deserves mention. Specifically, it has previously been
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demonstrated that proactive interference that builds across
task trials may drive a task’s dependence on WM, and
that elimination of such proactive interference can re-
move correlations with WM capacity (e.g., Bunting,
Conway, & Heitz, 2004). Likewise, in the present study,
materials or solution attempts associated with earlier
CRA problems might have produced proactive interfer-
ence that affected later trials, and caused the observed
correlations between WM and CRA performance. Al-
though no solution words were repeated in our problem
set, some cue words were redundant across trials, and it is
possible that mentally evoked associates of cue or solution
words were overlapping from trial to trial. Thus, the buildup of
proactive interference cannot be ruled out as a possible con-
tributor to the present findings.

Another important finding from the present study was the
lack of support found for verbal overshadowing of insight.
Although this was a null finding, we have several reasons to
have confidence in it. First, we carried out several different
analyses, and none produced a significant difference in per-
formance that was indicative of verbal overshadowing. Sec-
ond, the findings are consistent with those of Ball and
Stevens (2009), who conducted a similar assessment of
verbal-overshadowing effects with CRA problems and con-
cluded that verbalization does not negatively impact the
emergence of solutions through insight. Third, the lack of
verbal overshadowing found here supports negative results
observed with other insight problems, such as those reported
by Fleck and Weisberg (2004, 2013) using the candle prob-
lem and several other insight problems (see also Gilhooly
et al., 2010). Thus, our verbal-overshadowing findings join
those of several other studies in supporting the business-
as-usual view of insight. Of course, the absence of a signif-
icant overshadowing effect might relate to statistical power,
and thus, testing of a larger sample might have allowed small
but reliable differences to be found. However, an estimate of
the effect size of the verbal-overshadowing effects obtained
in prior studies (e.g., Schooler et al., 1993) produced statis-
tical power estimates ranging between .5 and .8, suggesting
that with the present sample of 53 participants, we had a
reasonably high likelihood of detecting such effects, had
there been any.

As a final point, consistent with the results of Sandkiihler
and Bhattacharya (2008; see also Jung-Beeman et al.,
2004, and Kounios et al., 2006, Exp. 2), we found that
solutions rated as having been solved through insight
were produced more quickly than were noninsightful
solutions. This result would seem to contradict the
special-process view, which assumes that insightful so-
lutions occur only after analytic solutions have been
exhausted and impasse is reached. However, it might
be argued that the shorter average solution latency ob-
served for problems receiving an insight rating signals a
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limitation of the self-report methods used to assess the
occurrence of insight in these problems, not the inadequacy of
the special-process view. That is, there is a possibility that the
insight ratings provided by our participants, as well as those in
prior studies (Bowden & Jung-Beeman, 2003a; Jung-Beeman
etal., 2004; Kounios et al., 2006; Sandkiihler & Bhattacharya,
2008), were in response to the suddenness of the solution, per
se, rather than an outcome of the sequence postulated by the
special-process view: failure = impasse = restructuring = aha!
For example, analytic solutions to CRA problems may
occur suddenly, and hence be given an “insight” rating,
even though an impasse was never reached (and no sub-
sequent insight occurred). If so, insight ratings in the studies
conducted heretofore may simply have reflected fast—that is,
“sudden,” as per the instructions—analytic CRA solutions.
Indeed, in the studies conducted by Bowden, Jung-Beeman,
and colleagues and by Kounios and colleagues, the occurrence
of an insight rating was taken as prima facie evidence of the
insight sequence, even though the speed of solution (e.g.,
median solution rate of 5.8 s in Kounios et el., 2006) makes
it unlikely that the participants had experienced impasse and
restructuring in solving the problems. Sandkiihler and
Bhattacharya (2008), who provided data on the occurrence
of impasse prior to CRA solutions, reported that participants
took an average of 27 s before indicating (by buttonpress) the
occurrence of impasse (data were not provided regarding
the insight ratings or final solution times for problems
on which an impasse was indicated).

Although such findings, considered in combination, sug-
gest that the subjective reports of insight in CRA problems
may be incompatible with the sequence postulated by the
special-process view, we suggest that it will be necessary to
ascertain in more detail the processes involved in CRA
solutions before drawing firm conclusions concerning their
status as vehicles for the study of insight. A critical need is
more direct assessment of the insight sequence, and a move
beyond reliance on self-report indices, perhaps through the
use of feeling-of-warmth ratings and the analysis of verbal
protocols (Fleck & Weisberg, 2004, 2013). In addition,
other questions might be raised concerning fine points of
the interpretations offered here for our results (for further
discussion, see Fleck & Weisberg, 2013). Since protocols
have not been analyzed from participants working on
CRA problems, some of those points cannot be addressed
at this time.

In summary, the present results suggest the involvement
of WM and attentional processes in the solution of CRA
problems, even (and perhaps especially) when that solution
brings with it a subjective aha! experience. Together with
solution-latency findings and the failure to obtain a verbal-
overshadowing-of-insight effect, these findings are difficult
to reconcile with the position that insight solutions arise
through unconscious processes such as the spreading
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activation or the loosening of attention. Although at present
there is a critical lacuna in the study of possible insight in
CRA problem solving, owing in part to a reliance on self-
report measures, a reconsideration of what causes partici-
pants to give an insight rating to CRA problems has broad
implications, in that it seems to force one of two significant
conclusions. On the one hand, it could be concluded that the
solution of CRA problems does not, in fact, involve insight.
Such a conclusion would undermine a now large number of
studies that have used this class of problems to characterize
the nature of insight and its relationship to creativity. For
example, much of the present literature on the neurocognitive
study of insight (Bowden & Jung-Beeman, 2003a; Bowden
et al., 2005; Jung-Beeman et al., 2004; Kounios et al., 2008;
Kounios et al., 2006; Sandkiihler & Bhattacharya, 2008) relies
on this task and the subjective-report method as the basis for
an examination of brain systems underlying insightful and
noninsightful problem solving. If insight ratings reflect the
speed of solution, rather than the occurrence of a meaningful
aha! experience that accompanies solution arising from im-
passe and restructuring, those studies have been investigating
brain areas involved in sudden analytic solutions to problems,
not insight.

On the other hand, it could be concluded that CRA
problems do involve insight, but that the type of insight
indexed by subjective ratings is not of the type character-
ized by the special-process view. However, this conclusion
raises a very difficult question: If the “insight experience”
itself cannot be trusted as a marker of that special process,
what observable phenomenon could be used in its place?
As has been demonstrated by a growing number of stud-
ies, the present study among them, neither the presence of
a verbal-overshadowing effect nor a limited reliance on
WM provides a more satisfactory litmus test for the in-
volvement of insight in solution. Using an individual-
differences approach, we have now shown that with both
spatial (Chein et al., 2010) and verbal (the present study)
insight problems, problem solvers can come to see a
problem in a new light, not through automatic and uncon-
scious processes, but through the intentional and effortful
deployment of those shared cognitive resources.

A final comment on insight versus analysis: a questionable
dichotomy?

The difficulty that researchers have encountered in finding
an approach that can reliably (and meaningfully) distinguish
insight from analytic problem solving might be taken as
evidence that these two “modes” of problem solving are in
fact underpinned by a shared set of cognitive resources.
However, as we noted earlier in passing, the present results,
although not supporting the special-process view of insight,
can also be taken as raising problems for a “single-process”

interpretation of the business-as-usual view. According to
the latter view, performance on insight and analytic problems
should be affected in the same ways by various relevant
variables, such as visual versus verbal WM spans, and so
forth. That result was not found in the present study: Verbal
WM span correlated with problems rated as being accompa-
nied by insight, but not with those rated as having been
solved through analysis. An alternative response to this
inconsistent pattern of results would be to raise questions
about the dichotomy suggested by the labels “insight” and
“analysis” when they are applied to problem solving. We
have to this point used those two terms without question.
However, that usage implies an either/or stance toward prob-
lem solving, but it might be more useful to question the
assumption that problems can be solved either through anal-
ysis or through insight, with no overlap in the processes
involved.

A number of previous researchers (e.g., Fleck &
Weisberg, 2004, 2013; Jones, 2003; Weisberg, 2006) have
proposed that a better way to approach problem solving is
through synthesis of those seemingly opposed conceptions.
Jones, for example, proposed that it might be useful to
combine the neo-Gestalt view (e.g., Knoblich et al., 1999;
Ohlsson, 1992, 2011) with the heuristically based approach
of MacGregor et al. (2001). Fleck and Weisberg (2004,
2013) independently developed a similar idea, incorporated
in a framework that assumes that all problems are dealt with
through a series of stages, as the individual attempts to bring
his or her knowledge to bear on the problem. This series of
stages can be looked upon as encapsulating a range of
solution methods that could be applied to any problem that
an individual encounters. Different methods of solution are
brought to bear, depending on the match between the in-
dividual’s knowledge and the problem. Fleck and Weisberg
(2004, 2013) collected data from several classic insight
problems and found that a range of solutions were applied
to them. In a relatively small number of cases, people solved
insight problems through the sequence proposed by the
Gestalt psychologists: An impasse led to restructuring of
the problem. In the much greater majority of cases,
restructuring occurred, not in response to impasse, but as a
result of new information that initiated a new search of
memory. Thus, we have a circumstance in which what one
can call a “hybrid” of analysis and insight occurred:
Restructuring (assumed be part of the “classic” insight se-
quence) occurred as a result of a new search of memory (part
of the analysis sequence). Such findings show that a given
problem can be solved in many ways and suggest that we
should allow the data to shape our theories of problem
solving, rather than vice versa.

Author Note The authors thank Derek Smith for his assistance with
study preparation and data collection.
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Appendix A

Table 5 Solution rates, average latencies, and insight ratings for individual problems in the CRA problem set

Word 1 Word 2 Word 3 Solution  Solution Rate  Average Insight Rating”  Modal Insight Rating”  Average Time to Solve
aid rubber wagon band 88 % 1.5 1 8.3
night wrist stop watch 88 % 2.1 1 11.1
rocking wheel high chair 86 % 1.5 1 5.4
cane daddy plum sugar 86 % 1.8 1 8.7
cracker fly fighter fire 83 % 1.7 1 5.9
show life row boat 76 % 2.5 3 15.1
duck fold dollar bill 74 % 1.9 2 10.5
worm shelf end book 74 % 1.9 1 11.6
loser throat spot sore 74 % 1.5 1 8.6
print berry bird blue 71 % 23 2 17.0
basket eight snow ball 67 % 1.9 2 11.5
preserve  ranger tropical forest 64 % 2.2 2 13.2
pike coat signal turn 64 % 2.3 2 12.8
date alley fold blind 52 % 2.2 1 16.9
sage paint hair brush 52 % 2.6 3 20.9
mouse bear sand trap 52 % 2.2 1 11.2
Cross rain tie bow 51 % 2.2 2 133
dress dial flower sun 50 % 1.6 1 10.9
fur rack tail coat 48 % 2.0 2 11.2
opera hand dish soap 48 % 2.1 1 8.0
wagon break radio station 48 % 2.1 1 10.6
health taker less care 45 % 2.0 1 13.0
carpet alert ink red 45 % 2.6 4 16.1
hound pressure  shot blood 40 % 1.8 1 12.5
animal back rat pack 40 % 2.9 3 18.1
office mail hat box 38 % 2.8 3 14.1
hammer  gear hunter head 38 % 2.3 2 15.5
pie luck belly pot 38 % 1.3 1 6.0
man glue star super 38 % 2.1 2 11.1
tank hill secret top 38 % 23 3 12.5
type ghost screen writer 38 % 2.4 2 11.7
wheel hand shopping  cart 36 % 2.9 3 14.9
fox man peep hole 36 % 1.8 2 10.3
baby spring cap shower 36 % 23 2 10.8
age mile sand stone 36 % 2.2 2 13.4
off military first base 33 % 2.4 1 13.3
note chain master key 33 % 2.4 3 15.1
fly clip wall paper 33 % 2.1 2 17.6
tooth potato heart sweet 33 % 2.2 3 17.2
lift card mask face 31 % 2.8 3 17.6
mill tooth dust saw 31 % 1.8 1 9.6
cat number  phone call 29 % 2.8 2 18.7
test runner map road 29 % 2.5 1 19.3
bottom curve hop bell 26 % 1.9 1 16.8
right cat carbon copy 26 % 1.7 1 133
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Table 5 (continued)

Word 1 Word 2 Word 3 Solution  Solution Rate  Average Insight Rating* Modal Insight Rating* Average Time to Solve
tail water flood gate 26 % 2.5 3 18.0
peach arm tar pit 24 % 2.2 2 12.7
fork dark man pitch 24 % 1.9 2 18.2
wet law business suit 24 % 2.9 4 17.8
piece mind dating game 21 % 2.8 3 19.4
way board sleep walk 21 % 23 2 14.5
grass king meat crab 19 % 2.5 2 15.7
shock shave taste after 17 % 2.0 1 16.1
guy rain down fall 17 % 2.0 1 14.6
teeth arrest start false 17 % 3.0 3 28.8
iron shovel engine steam 15 % 2.0 1 19.7
pine crab sauce apple 12 % 2.8 3 12.7
mail board lung black 12 % 3.0 4 17.2
pea shell chest nut 12 % 32 3 23.9
fight control machine gun 7% 2.3 1 17.5

" All participants’ ratings are converted into the following scale: 1 = Complete insight, 2 = Partial insight, 3 = Partial strategy; 4 = Complete strategy.

Appendix B: Instructions for the subjective rating
of insight

INSTRUCTION SCREEN 1:

We are also interested in finding out how you solved each
problem. Problems can be solved in two general ways: as the
result of a STRATEGY or as the result of a sudden INSIGHT.

Solving the problem by a STRATEGY means that when
you first thought of the word, you did not know whether it was
the answer, but after thinking about it strategically (for exam-
ple, trying to combine the single word with each of the three
problem words), you figured out that it was the answer.

Solving the problem by a sudden INSIGHT means that as
soon as you thought of the word, you knew that it was the
answer. The solution word came with a feeling that it was
correct (“It popped into my head”; “Of course!”; “I had an
Ahal!”).

INSTRUCTION SCREEN 2:

After you solve each problem, you will be asked whether you
solved it insightfully or strategically. You will see a rating
scale with numbers 1-4.

The rating 1 will be marked “COMPLETE Strategy.”
Marking a rating of 1 means that when you thought of the
word, at first you did not know whether it was the answer, but
after thinking about it strategically (for example, trying to
combine the single word with each of the three problem
words) you figured out that it was the answer. A rating of 2
will be marked “PARTIAL Strategy.” A rating of 2 means that

you did not immediately know the word was the answer, but
you did not have to think about it much either. For example,
after figuring out how the solution went with the first two
stimulus words, you realized that it was the solution. The
rating of 3 will be marked “PARTIAL Insight.” Choosing a
rating of 3 means that you had a weaker feeling of insight (not
as strong as a rating of 4): you felt that the word you thought of
might have been the answer, but it was not as obvious as “Of
course!” You might have had to check the solution with one of
the words to make sure it was correct. The rating of 4 will be
marked “COMPLETE Insight.” A rating of 4 means that as
soon as you thought of the word you knew that it was the
answer; the solution word came with a feeling that it was
correct (“It popped into my head”; “Of course!”’; “I had an
Aha!”).

It is up to you to decide what rating to give. There are no
right or wrong answers.
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