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The concept of insight was initially proposed by the
Gestalt psychologists (e.g., Köhler, 1969; Wertheimer,
1945/1961) to refer to a specific form of problem solving—
insight problem solving—that was characterized by two
criteria. First, prior experience was not considered to be
the critical factor in solving the problem. Indeed, the
Gestalt psychologists emphasized that the transfer of past
solutions to new problems could have negative effects on
problem solving, as exemplified in Luchins’s (1942) well-
known work on problem-solving sets and Duncker’s
(1945) research on functional fixedness. Second, restruc-
turing of the problem was considered to be integral to its
solution (Ohlsson, 1984). Restructuring meant that the
thinker had come to perceive the problem in a way that was
not obvious upon initial consideration (Scheerer, 1963).

Although the Gestalt psychologists’ view of prior expe-
rience as unnecessary in insightful problem solving has
been challenged (e.g., Lung & Dominowski, 1985; Weis-
berg & Alba, 1981), the concept of restructuring remains a
key focus in the study of insight (e.g., Knoblich, Ohlsson,
Haider, & Rhenius, 1999; Ohlsson, 1992). Ohlsson (1992)
has emphasized the insight sequence, in which restructur-
ing is preceded by a period of impasse, wherein the solver
is mentally “stuck” and unable to continue working. In
response to an impasse, the problem solver may discon-
tinue work on the problem, both behaviorally and mentally.
According to Ohlsson (1992), restructuring can be a mech-

anism through which problem solvers break out of im-
passe (see also Kaplan & Simon, 1990).

Insights occur after the problem-solver has encountered an
impasse, i.e., a mental state in which problem-solving has
come to a halt; all possibilities seem to have been exhausted
and the problem-solver cannot think of any way to proceed.
Subjectively, his or her mind is ‘blank.’ Behaviorally, im-
passes are characterized by the cessation of problem-solving
activity. . . . Insight, I suggest, is the act of breaking out of
an impasse. . . . Without the impasse, there is no insight,
only smooth progress. (Ohlsson, 1992, p. 4)

Ohlsson (1992) proposed three different forms of re-
structuring that could be used by a solver to break out of
impasse: elaboration, reencoding, and constraint relax-
ation. The specific criteria for each form of restructuring
are described in Table 1. It is important to note that
Ohlsson’s (1992) view assumes that the person who is at
an impasse examines aspects of the problem that might
be changed, without having any specific idea of what
those changes might accomplish. Changes in the prob-
lem are considered, and then, if the person is fortunate,
new methods may be seen. These processes, if success-
ful, bring about what can be called bottom-up restruc-
turing, because the restructuring is driven by the objects
in the environment (from the “bottom up”).

A number of researchers have suggested that there are
fundamental differences between the processes involved
in solving insight problems and those involved in solving
other problems, such as analytic problems (e.g., Duncker,
1945; Lavric, Forstmeier, & Rippon, 2000; Metcalfe &
Wiebe, 1987). It has been proposed that solutions to in-
sight problems occur suddenly and are often independent
of prior knowledge (Köhler, 1925/1959), whereas solu-
tions to analytic problems entail a smooth progression of
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In the present study, we examined the use of verbal protocols as data in the study of the cognitive
processes underlying insight. Fifty-eight Temple University undergraduates attempted to solve Duncker’s
(1945) candle problem either silently or while thinking aloud. Solution rates, solving times, and solution
types were comparable between conditions, suggesting that verbal overshadowing (Schooler, Ohlsson,
& Brooks, 1993) did not occur when the participants attempted to solve the candle problem. Subsequent
analysis of verbal protocols provided a catalogue of solutions generated by the participants, as well as
empirical support for the occurrence of impasse and restructuring. Although restructuring was present
in the majority of protocols, including those of the participants who later produced the box solution,
the presence of impasse occurred with less frequency and was not associated with production of the box
solution. These results provide information concerning how the candle problem is solved and suggest
that verbalization can be used to examine how individuals solve insight problems and to evaluate existing
theories of insight.
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steps (Metcalfe & Wiebe, 1987; see the quotation above
from Ohlsson, 1992) and are often solved through the
application of prior knowledge. Newell and Simon (1972,
p. 667) have characterized problem solving via analysis
as a three-stage process, involving the compilation of al-
ternatives, the assessment of these alternatives, and fi-
nally, the selection of the alternative that results in the
greatest possible gain. Although an emotional response,
referred to as the Aha! experience, often accompanies in-
sight (Perkins, 1981), it does not accompany the solu-
tions of analytic problems. Insight is not limited to tra-
ditional problem-solving situations but can occur when
a scientist creates a new theory, an inventor constructs a
new invention, or a writer drafts a new piece (Weisberg,
1993; for a review of the research on insight, see Stern-
berg & Davidson, 1995).

This sharp distinction between problem solving via
analysis and problem solving via insight suggests a di-
chotomy. That is, if the insight sequence proposed by
Ohlsson (1992; i.e., impasse followed by restructuring)
does not occur during problem solving but the solver
nonetheless achieves the solution, that solution, ipso facto,
did not occur via insight. However, other researchers (e.g.,
Perkins, 1981; Weisberg, 1995) have suggested that the
cognitive processes involved when individuals solve
problems should be partitioned into finer subgroups. For
example, Perkins has found that individuals can solve in-
sight problems via analysis and still experience the emo-
tional reaction (i.e., the Aha! experience) that is typically
associated with the experience of problem solving via in-
sight (e.g., Metcalfe & Wiebe, 1987). In addition, Weis-
berg (1995; Weisberg & Suls, 1973) has found that par-
ticipants solve insight problems through restructuring
that arises from the acquisition of new information dur-
ing the solving process, but without the experience of
impasse. This new information leads to the modification
of the solver’s representation of the problem.

To fully examine the cognitive processes involved in
insightful thinking, it may be necessary to expand the cat-
egory of cognitive processes that fall under the classifica-
tion of insightful thinking. Perkins (1981) and Weisberg
(1995) have indicated that problem solving occurs via pro-
cessing that is neither insightful under Ohlsson’s (1992)
strict definition of the insight sequence nor analytic under
the strict interpretation of problem solving via analysis.
In other words, the occurrence of restructuring without
impasse, or the occurrence of the Aha! experience in

conjunction with analysis, may warrant further examina-
tion as forms of insightful thinking. It seems that a range
of behaviors occur during problem solving that could, in
general, be considered forms of insightful thinking. In
prior research (e.g., Metcalfe & Wiebe, 1987; Schooler,
Ohlsson, & Brooks, 1993), insightful problem solving
has been examined at a general level, focusing on overall
solution rates and solving times, without providing a fine-
grained analysis of the behaviors occurring during prob-
lem solving. A deeper analysis of participants’ problem-
solving behaviors may reveal that the cognitive processes
utilized by participants are diverse and do not lend them-
selves to a simple insight /analysis dichotomy.

Over the years, there have been few direct analyses of
the processes underlying insight (see Weisberg & Suls,
1973, for an example). Metcalfe (1986a, 1986b) conducted
several groundbreaking studies in which the processes
underlying insight were examined by analyzing differ-
ences in participants’ metacognitions during problem-
solving and related tasks. In one study, Metcalfe (1986a)
demonstrated that although participants could success-
fully predict their ability to answer trivia questions, they
were less successful in predicting their ability to solve
insight problems. In related research, Metcalfe and Wiebe
(1987) demonstrated that participants were accurate in
judging how close they were to the solution of analytic
problems throughout the solving process. In contrast,
participants were not aware of their proximity to the cor-
rect solution of insight problems until immediately prior
to solving the problems. These results supported prior
research (Metcalfe, 1986b) on insight problem solving, in
which participants pursuing an incorrect solution judged
their own progress favorably, whereas participants pursu-
ing a correct solution judged their own progress unfavor-
ably until the moments immediately preceding the solution.
The results indicated that solutions to insight problems
occurred unpredictably and, thus, supported the notion
that insight was the outcome of a sudden process, as has
been proposed by Scheerer (1963).

Although the research conducted by Metcalfe (1986a,
1986b; Metcalfe & Wiebe, 1987) demonstrated that dif-
ferences exist in participants’ metacognitive experiences
while solving insight problems, in comparison with other
problem types, those studies did not provide specific in-
formation concerning the thought processes underlying
insight. That is, Metcalfe’s studies measured only over-
all solution rates and, therefore, did not demonstrate that

Table 1
Restructuring Coding Criteria

Type Ohlsson (1992) Present Research

Elaboration Information can be added by studying the problem and Observing a new feature/function
observing previously unnoticed features (p. 13). of an object.

Reencoding The thinker must abandon or reject some component Rejecting the use of one object for
of his or her current representation (p. 13). the use of a different object.

Constraint relaxation A change in the mental representation of the goal rather A change in the participant’s
than of the given situation (p. 14). representation of the goal state.
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the insight problems were actually solved through the in-
sight sequence discussed by Ohlsson (1992). Thus, al-
though Metcalfe’s results are consistent with her partic-
ipants’ having gone through that sequence, we have no
direct evidence that they actually did so. As was noted
earlier, Perkins (1981) reported that the participants in
his studies of problem solving sometimes solved insight
problems using analytic strategies but still demonstrated
Aha! experiences. Thus, Metcalfe’s participants might
have solved her insight problems using analytic strate-
gies, but they still would have produced the patterns of
warmth ratings that Metcalfe interpreted as support for
the Gestalt view of sudden insight. Therefore, we need
more than warmth ratings to be sure that we are studying
insight.

Similarly, Lavric et al. (2000) examined EEG patterns
produced as participants solved insight versus analytic
problems. Differences were found in the activation pat-
terns, leading the authors to conclude that those patterns
represented differences in the mental processes underly-
ing insight versus analytic modes of solution. However,
as in the research of Metcalfe (1986a, 1986b), Lavric
et al. made no attempt to demonstrate that their partici-
pants actually solved the insight problem differently than
the analytic problem; they simply assumed that there
must have been basic differences in the solution methods.

Knoblich et al. (1999; see also Knoblich, Ohlsson, &
Raney, 2001) used matchstick arithmetic problems to
study predictions from Ohlsson’s (1992) insight theory.
The theory predicts that when a participant reaches an
impasse, certain types of problems will be easier to solve
than others, because of the nature of the restructuring re-
quired to break out of the impasse. As an example, con-
sider the constraint relaxation form of restructuring (see
Table 1; see also Ohlsson, 1992). The researchers pro-
posed that problems that required changes in the numer-
ical values within the matchstick equations (i.e., con-
straints with narrow applications) would be solved more
quickly than problems that required changes in addition
or subtraction signs (i.e., constraints with broader appli-
cations to a range of equations). The results supported
the prediction of longer solving times for the relaxation
or restructuring of constraints with broader applications,
and the researchers concluded that they had provided
support for Ohlsson’s (1992) theory concerning how im-
passes are broken during the insight sequence. However,
as with other studies in the field (e.g., Lavric et al., 2000;
Metcalfe & Wiebe, 1987), no measure was taken of the
participants’ fine-grained behaviors or thoughts as they
worked on the problems. Without such information, the
results of this research simply provide us with the infor-
mation that some matchstick arithmetic problems are
harder than others, and little about the cognitive pro-
cesses involved. Kaplan and Simon (1990) did attempt a
fine-grained analysis of insight by examining verbal pro-
tocols; however, none of their participants were able to
solve the problem used in their study without hints, so

the results tell us little about the cognitive processes in-
volved in ordinary problem solving.

In addition to problems arising from a too-global ap-
proach in the examination of the processes underlying
insight problem solving, there is also a fundamental
issue that is often unaddressed in studies of insight. The
use of insight problems in the study of insight can be an
a priori distinction that actually may interfere with un-
derstanding problem solving via insight. Labeling a
problem an insight problem or an analytic problem, as in
prior research (e.g., Metcalfe & Wiebe, 1987; Schooler
et al., 1993), tells us nothing about the cognitive pro-
cesses involved in solving those problems. Therefore, it
is possible that solutions to problems labeled as insight
problems might not come about via the insight sequence
(i.e., impasse followed by restructuring) or that problems
labeled as insight problems may not represent a homo-
geneous group of problems. Our intent in using the candle
problem in the present research was to create a problem-
solving situation in which problem solving via insight was
possible.

In conclusion, at present there are no data available
concerning the actual frequency of insightful solutions
to the problems labeled as insight problems. It seems that
in order to test theories of how insight occurs, we need
direct evidence concerning the processes underlying the
solution of insight versus analytic problems. If we continue
to rely on relatively gross measures, such as solution rates
or solving times, we will be unable to say whether or not
we are actually studying insight (Weisberg, 1995).

One method that has been useful in elucidating the
thought processes underlying other types of problem
solving is the collection of verbal protocols (Ericsson &
Simon, 1993; Perkins, 1981). Ericsson and Simon sug-
gested that verbal protocols can be used as data within
the problem-solving domain. They indicated that in-
structing participants to think aloud does not disrupt the
sequence of the participants’ thought processes, pro-
vided that only items naturally attended to by the partic-
ipants are verbalized. It is only when experimenters in-
struct participants to explain their thoughts, or to explain
a specific component of the problem-solving process,
that changes in the sequences of cognitive processes may
occur. This is especially the case if it has not been made
explicitly clear through instruction and practice that the
participant should concentrate on talking to himself or
herself and should not attempt to explain things to the
experimenter (Ericsson & Simon, 1993, p. 79).

Although concurrent verbalization, performed as talk-
ing to oneself, does not change the nature or sequence of
thought processes, there are circumstances under which
concurrent verbalization can slow the rate of cognitive
processes (Ericsson & Simon, 1993). Excessive prompt-
ing by experimenters, intended to facilitate participants’
verbalization rates, can slow the rate of cognitive pro-
cessing. Thus, it is important to ensure that excessive
prompting is avoided during the collection of verbal pro-
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tocols. It has also been suggested by Perkins (1981) that
training in the use of the think-aloud procedure is im-
portant in ensuring that valid representations of partici-
pants’ thought processes are obtained.

Several researchers have examined the potential effects
of verbalization on a number of problem-solving tasks—
for example, the tower of Hanoi (Karat, 1983) and algebra
problems (Flaherty, 1974). Although prior research on
insight has included verbalization in the methodology
(e.g., Bulbrook, 1932; Duncker, 1945; Weisberg & Suls,
1973), the effect of verbalization on participants’ thought
processes has gone largely unexamined. The collection
of verbal protocols has been an effective method used by
experimenters to elucidate the thought processes that un-
derlie a number of behaviors. Because verbalization has
the potential of providing researchers with detailed infor-
mation concerning participants’ thought processes, it is
critical to consider the use of verbal protocols collected
during insight problem solving as data and to examine
what can be gained from an analysis of these protocols
(Ericsson & Simon, 1993).

In research with potentially broad implications, Schooler
et al. (1993) have reported that verbalization has an in-
terfering effect on insight problem solving, which they
called verbal overshadowing of insight. Schooler et al.
have suggested that differences exist between insight and
noninsight problems in susceptibility to such overshad-
owing, and they proposed that there are processes in-
volved in solving insight problems that are not readily
verbalizable. Thus, when participants verbalize during
insight problem solving, they are likely to focus on pro-
cesses that are easier to verbalize but are not necessarily
helpful in solving the problem. Schooler et al. reported
a reduction in solution rates for insight problems as a re-
sult of instructions to think aloud. Verbal overshadow-
ing has also been found when participants were asked to
verbalize in other domains, including, but not limited to,
visual imagery (Brandimonte, Schooler, & Gabbino, 1997)
and memory for taste (Melcher & Schooler, 1996), faces
(Fallshore & Schooler, 1995), and colors (Schooler &
Engstler-Schooler, 1990). Most domains affected by ver-
bal overshadowing appear to be nonverbal in nature.
Consistent with this idea is research that has demonstrated
that performance in several verbal tasks is actually facili-
tated by concurrent verbalization. Examples of such
tasks include analytical problem solving (Schooler et al.,
1993) and memory for verbal statements (Schooler &
Engstler-Schooler, 1990).

However, it should be noted once again that, as with
the other studies already cited, Schooler et al. (1993)
made no attempt to gather evidence concerning the pro-
cesses occurring during the solution of the various prob-
lems they examined. Therefore, their results do not nec-
essarily demonstrate that verbalization interferes with
insight, because we have no way of knowing that their
participants actually solved the insight problems through
the insight sequence. On the basis of Perkins’s (1981) re-
sults, cited earlier, it is possible on logical grounds that

the insight problems were solved using analytic strategies
and that those particular analytic strategies, and not the
insight sequence, were interfered with by verbalization.

The finding of verbal overshadowing of insight in
problem solving is potentially of great importance, in at
least two ways. First, the possibility of verbal overshadow-
ing supports the existence of differences in the solution
processes underlying insight versus analysis as modes of
problem solving. Second, the occurrence of verbal over-
shadowing of insight removes verbal protocols as a valid
methodology for gathering information about the pro-
cesses underlying insight. Thus, it is important to evalu-
ate the specific conclusions drawn from the studies of
Schooler et al. (1993). Schooler et al. examined three in-
sight problems: the triangle of coins (Metcalfe, 1986b),
the dealer (Perkins, 1981), and the prisoner (Metcalfe &
Wiebe, 1987). The researchers noted in Experiment 3
that the three insight problems they chose were selected
specifically because they were most sensitive to effects
stemming from concurrent verbalization, as was indicated
in Experiments 1 and 2 of the same research. Therefore,
the question arises as to the generality of verbal over-
shadowing of insight in problem solving. In addition,
Schooler et al. presented their participants with limited
instructions concerning the verbalization procedure, in-
cluding a single training problem in which the partici-
pants were made familiar with the verbal protocol pro-
cedure. This preparation might not have been sufficient
to discourage the participants’ inclination to explain
their cognitive processes and to encourage them simply
to talk aloud as if to themselves (Ericsson, 2002; Perkins,
1981).

Ericsson (2002; see also Meissner, Brigham, & Kelley,
2001) has indicated that the nature of the verbalization
that participants are to engage in is a critical determinant
of any effects that may stem from concurrent verbaliza-
tion. Ericsson proposed that the information provided
during concurrent verbalization is likely to be closest to
underlying thoughts when the participant is instructed to
verbalize thoughts that are already the focus of attention.
Furthermore, it is important that the participants avoid
explaining their thoughts, because explanation has been
linked to increased effects from verbalization.

Research conducted by Meissner et al. (2001; see also
Meissner & Brigham, 2001) has also supported the impor-
tant role that instructions play in the occurrence of verbal
overshadowing. Meissner et al. examined participants’
accuracy in the correct identification of a previously pre-
sented face in a subsequent lineup. The participants were
shown the photograph of the target individual and then
were asked to provide a verbal description of that target.
Task instructions differed in terms of reporting instruc-
tions, with some instructions focusing on the importance
of reporting only accurate information in their verbal de-
scriptions and others focusing on the importance of pro-
viding thorough descriptions. Identification accuracy
during the lineup was higher for the participants in-
structed to provide verbal descriptions of the target indi-
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vidual that focused on relaying only accurate informa-
tion. In fact, when accuracy was the focus, subsequent
lineup identification was as accurate as in the control
condition, in which no verbal descriptions were provided.
A meta-analysis conducted by Meissner and Brigham fur-
ther supports the influence of instructions on the strength
of the verbal overshadowing effect, with instructions that
focused on elaboration during verbalization leading to
stronger verbal overshadowing effects than did instructions
that focused on free recall. The research of Meissner
et al. and of Meissner and Brigham demonstrates the im-
portant influence of verbalization instructions on the oc-
currence of verbal overshadowing.

Present Research
If verbal overshadowing is found broadly across in-

sight problems, the use of verbal protocols as data in the
study of insight problem solving may be questioned.
However, if the effect does not extend to other insight
problems, it is possible that some factor other than the
nature of the problems as insight problems may be im-
plicated in Schooler et al.’s (1993) verbal overshadowing
results.

The first goal of the present research was to determine
whether the verbal overshadowing effect observed by
Schooler et al. (1993) extends to Duncker’s (1945) candle
problem (see the Appendix). For almost 60 years, the can-
dle problem has been part of the study of insight (e.g.,
Adamson, 1952; Duncker, 1945; Glucksberg & Weisberg,
1966; Scheerer, 1963; Weisberg & Suls, 1973); however,
these studies have not directly examined the processes
underlying insight. The candle problem is often cited in
discussions of insight in the problem-solving literature
(e.g., Ohlsson, 1992; Sternberg & Davidson, 1995), as well
as in psychology texts (e.g., Bernstein, Clarke-Stewart,
Penner, Roy, & Wickens, 2000; Westen, 1999). Therefore,
the use of the candle problem seemed appropriate to ex-
amine the generality of verbal overshadowing.

The second goal of the present research was to deter-
mine whether additional data could be gathered about
how participants solve problems labeled as insight prob-
lems. Ohlsson (1992) has proposed that impasse fol-
lowed by restructuring is fundamental to the insight se-
quence. Given this sequence, then, insightful solutions
result only when a problem solver becomes “stuck” while
working on the problem and is able to break out of impasse
via restructuring, which results in the solution to the
problem. However, Weisberg (1995) has presented a dif-
ferent view of insight. According to Weisberg, impasse
is not a critical component in the solution of insight
problems. Insight problems can be solved via a series of
restructurings that stem from additional knowledge about
the problem situation gained by the individual during the
solving process. For example, a participant might begin
solving the candle problem by attempting to use the tacks
to directly attach the candle to the door. If the participant’s
idea fails, because the tacks are too short, the participant
gains the additional knowledge that directly attaching

the candle to the door with the tacks will likely result in
failure (Weisberg & Suls, 1973). This new knowledge
could change the participant’s initial representation of
the tacks as the only object needed in the solution. The
participant might then consider the need for a ledge to
support the candle. He or she might attempt to use the
matchbook to create a ledge, but in doing so, it might be
too flimsy to support the candle. Through this failed at-
tempt, the participant gains the knowledge that a sturdier
ledge is needed. This new information could lead to a
search for a sturdier object that could serve as a plat-
form—that is, a change in the goal—which could lead to
the box. This example demonstrates, then, that without
the experience of impasse, participants’ representations
may undergo multiple restructurings during the solving
process.

If verbalization does not affect solution processes in
the candle problem, it will be possible to use verbal pro-
tocols to determine whether the classic characteristics of
insight (i.e., impasse and restructuring) are seen in the
behavior of participants solving the candle problem. Fur-
thermore, it will be possible to use verbal protocols to
indicate the frequency of Ohlsson’s (1992) insight se-
quence, as well as the frequency of solutions that occur
neither through strict insight nor through analysis.

In examining performance on the candle problem, we
predict that solutions to the candle problem will arise via
modes of thinking other than strict analysis or insight, as
defined by Ohlsson’s (1992) insight sequence. Thus, we
propose that the present research will demonstrate that
multiple solution types occur when participants attempt
to solve this problem.

METHOD

Participants
Fifty-eight Temple University undergraduates received course

credit in an introductory psychology course for their participation
in this research. Data from 6 participants were eliminated: Two par-
ticipants failed to follow the task instructions; 2 reported prior ex-
posure to the problem, and two verbal protocols were lost because
of technical difficulties in sound recording. This resulted in a final
sample of 52, of which 19 were male and 33 were female (mean
age � 20.5 years).

Materials
The test problem and two training problems used in this research

can be found in the Appendix. When solving the candle problem,
the participants were presented with a candle (11.4 cm long and
3 cm in diameter), a book of matches, a box of thumbtacks (7.6 cm
long � 6.4 cm wide � 2.5 cm deep), and a piece of corkboard
(61 cm long � 47 cm wide) that served as a door during the course
of the experiment.

Procedure
The participants were tested individually in 1-h videotaped ses-

sions. All the participants were exposed to the candle problem as
part of a randomly ordered set of insight problems; results for only
the candle problem are presented here. Other problems in the set
included the triangle of coins (Metcalfe, 1986a), the socks (Stern-
berg & Davidson, 1982), the lilies (Sternberg & Davidson, 1982),
the trees (Metcalfe, 1986a), and the necklace (Metcalfe, 1986b).
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Because this is the first attempt to perform a fine-grained analysis
of participants’ solving processes on a relatively wide range of
problems, each problem deserves to be analyzed in detail. Present-
ing detailed analyses of performance on the remaining problems
would have added substantial length to the article.

The participants were randomly assigned to either the verbaliza-
tion condition (V; n � 34) or the nonverbalization condition (NV;
n � 18). Participants in the V condition were instructed to solve all
problems while thinking aloud, which was intended to provide a
record of their thought processes. The NV condition served as the
control condition. The participants were assigned to conditions
with the restriction that the sample size for the V condition was ap-
proximately twice as large as that for the NV condition, because of
our interest in performing subsequent analyses on the participants’
verbal protocols. Therefore, the V condition could potentially pro-
vide more data for analysis than would be available from the NV
condition.

The participants in both conditions were informed that they
would be asked to solve a series of problems. They were permitted
to make as many attempts as needed to solve the candle problem
and were informed that they would have 10 min to work on the
problem. The experimenter encouraged the participants to continue
working on the problem until they generated the box solution or
until the 10 min had elapsed. The participants were provided with
scratch paper and a pen to record their ideas during the session.
Those participants in the V condition received training on a modi-
fied version of the think-aloud procedure of Perkins (1981, p. 33).
Instructions in the V condition were as follows.

While solving the problems you will be encouraged to think aloud.
When thinking aloud you should do the following: Say whatever’s on
your mind. Don’t hold back hunches, guesses, wild ideas, images, plans
or goals. Speak as continuously as possible. Try to say something at
least once every five seconds. Speak audibly. Watch for your voice
dropping as you become involved. Don’t worry about complete sen-
tences or eloquence. Don’t over explain or justify. Analyze no more
than you would normally. Don’t elaborate on past events. Get into the
pattern of saying what you’re thinking about now, not of thinking for a
while and then describing your thoughts. Though the experimenter is
present you are not talking to the experimenter. Instead, you are to per-
form this task as if you are talking aloud to yourself. Because you are
thinking aloud it is important that you signal the experimenter when re-
porting a potential solution to the problem by saying “Is this correct?”
or “My solution to the problem is . . .” Otherwise the experimenter will
think that you are still talking to yourself.

The participants in both conditions were asked to solve two train-
ing problems intended to familiarize them with the task itself and
to allow the participants in the V condition to become familiar with
thinking aloud before the test problems were attempted.

Following the participants’ completion of the training problems,
the test problems were administered. While the participants worked
on both the training and the test problems, the experimenter re-
mained silent, with the following exceptions: (1) If the participants
in the V condition were not speaking loudly enough to be heard
clearly, they were prompted with “Could you please speak up,” and
(2) if they were not speaking regularly (i.e., verbalizing approxi-
mately every 15 sec), they were prompted to “Please continue speak-
ing.” An examination of the 34 verbal protocols revealed that the par-
ticipants were prompted to speak louder an average of 0.53 (SD �
0.79) times per protocol. Prompting that encouraged the partici-
pants to continue speaking occurred an average of 2.24 (SD � 2.12)
times per protocol. The rate of prompting did not differ between box
solvers (M � 0.50, SD � 0.53) and nonsolvers (M � 0.54, SD �
0.86) for the prompt to speak louder [t(32) � 0.119, p � .906, d �
.05; two-tailed] or between box solvers (M � 2.38, SD � 1.85) and
nonsolvers (M � 2.19, SD � 2.23) for the prompt to continue speak-
ing [t(32) � 0.210, p � .835, d � .09; two-tailed].

The experimenter also informed the participants in both condi-
tions whether their responses were correct or incorrect (the box so-

lution was regarded as the correct solution, although it should be
noted that the participants were able to successfully attach the can-
dle to the door via other methods) and prompted the participants to
continue generating solutions if they had not generated the box so-
lution. When the participants provided an incorrect solution they
were told, “That’s incorrect.” An examination of the protocols re-
vealed that the participants were informed by the experimenter that
a solution response was incorrect an average of 1.71 (SD � 1.57)
times per protocol. The rate of prompting concerning incorrect so-
lution responses did not differ significantly between box solvers
(M � 1.00, SD � 1.20) and nonsolvers [M � 1.92, SD � 1.62;
t(32) � 1.48, p � .148, d � .62; two-tailed]; however, the medium
effect size suggests that some difference did exist between the con-
ditions, although not to the level of statistical significance.

RESULTS AND DISCUSSION

Our analyses of the participants’ problem-solving per-
formance and verbal protocols were carried out in two
stages. First, to determine whether verbalization adversely
affected problem solving, we compared the solution rates,
solving times, and types of solutions generated by the
participants in the V and the NV conditions. Second, we
examined data from the verbal protocols for the presence
of impasse, restructuring, and failure. Rates of impasse
during problem solving and the relationship between the
occurrence of impasse and the production of the box so-
lution were examined. We also examined rates of re-
structuring during problem solving and the relationship
between restructuring and the production of the box so-
lution. Finally, we examined the relation between failure
and impasse and between failure and restructuring.

Coding
Verbalization versus nonverbalization. The proto-

cols of the participants in the V condition were transcribed,
and the solutions generated by the participants in both
verbalization conditions were classified (all transcribed
protocols used in the following analyses are available on
the Web, at http://astro.temple.edu/~jfleck). To classify
the solutions, the two authors independently viewed the
collected videotapes and drew all successful solutions or
solution attempts. The same solution was drawn for the
participants who were able to successfully generate a so-
lution idea and for the participants who attempted to
construct that same solution idea but failed to do so suc-
cessfully (e.g., a participant attempted to balance the
candle on several tacks, but the candle fell from the tack
construction).

In summarizing the data for analysis, solutions that
did not meet the criteria proposed in the problem were
eliminated. For example, several participants used items
that were not presented as objects in the problem during
the generation of solutions. Two participants attempted
to use the sheet of paper on which the problem was writ-
ten, and another attempted to stand the candle on the rim
of the corkboard door. In addition, several participants
abandoned the goal of the problem in order to generate
what they considered to be intrinsically interesting con-
structions, rather than attempting to deal with the prob-
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lem itself (e.g., 1 participant created a caterpillar using
the candle and some tacks). Approximately 12% of all
solutions produced by the participants did not meet the
problem parameters and were eliminated from further
analysis. The two authors independently classified each
solution according to the solution types listed in Figure 1
(examples of each solution type are also available). In-
terrater reliability (percentage of agreement), calculated
for the classification of all solutions generated by the
participants, was 93%. Discussion was used to resolve
any discrepancies in classification. The protocols were
divided into segments by the authors by complete solu-
tion idea /attempt. That is, each new solution idea or at-
tempt resulted in the beginning of a new segment.

Impasse, restructuring, and failure. In order to ex-
amine the presence of impasse, restructuring, and fail-
ure in the participants’ verbal protocols, it was necessary

to devise coding criteria for those phenomena that were
appropriate to analysis of the candle problem. The quo-
tation from Ohlsson (1992, p. 4) presented earlier pro-
vides descriptions of the types of behavior that signal the
occurrence of an impasse. On the basis of Ohlsson’s
(1992) description, we identified a set of criteria that
represented behaviors that typified impasse. Although it
appears obvious from Ohlsson’s (1992) definition that
reaching a mental block and discontinuing behavior are
essential for impasse, it should be noted that in collect-
ing the participants’ verbal protocols, they were asked to
continue speaking throughout, making the complete ces-
sation of behavior unlikely under the constraints of the
task. Therefore, we generated a list of impasse criteria
that allowed a more liberal assessment of impasse with-
out the complete cessation of behavior. The list of crite-
ria used during coding is presented in Table 2.

Figure 1. Examples of solution types.
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In order for a participant to meet the criteria for re-
structuring, his or her verbal protocol had to provide ev-
idence of a change in problem representation. For the
classification of restructuring data, we developed a set of
coding criteria based on a classification scheme pro-
posed by Ohlsson (1992). Ohlsson proposed three cate-
gories of restructuring that could be used by participants
to break out of impasse: elaboration, reencoding, or con-
straint relaxation (see Table 1). We modified Ohlsson’s
(1992) classification scheme to fit the types of behav-
iors exhibited by participants working on the candle
problem. We coded the protocols for the presence of re-
structuring on the basis of the following verbalizations
and behaviors: (1) elaboration, where the participant
finds a new function or use for an object; (2) reencoding,
where the participant rejects the use of one object in the

problem and uses another object that had not been con-
sidered previously; and (3) constraint relaxation, where
the participant changes his or her representation of the
goal state (i.e., the correct solution to the problem). Only
examples of restructuring for which a change in thinking
could clearly be determined from the protocols were in-
cluded in the analysis. Therefore, a statement such as
“Can I use these matches?” was considered an example
of reencoding only if the participant either verbally dis-
cussed a plan to use the object in a solution or physically
generated a solution involving that object.

In order for a participant’s protocol to meet the crite-
ria for failure, it had to be clear that the participant’s so-
lution idea or attempt was unsuccessful. We considered
three potential sources of failure: experimenter rejec-
tion, failure of attempt, and inadequacy of idea/attempt.

Figure 1 (Continued).
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The category of experimenter rejection included all di-
rectives from the experimenter that indicated that a so-
lution attempt was incorrect (the experimenter rejected
all solutions other than the box solution). The category
of failure of attempt included the participants’ unsuc-
cessful attempts to create some type of construction. Ex-
amples included the candle falling from the door, the
wax of the candle breaking during an attempt to tack the
candle to the door, and the tacks being too short to suc-
cessfully attach the candle to the door directly, as in a
Type 1 solution (see Figure 1). The third category, inad-
equacy of idea/attempt, was defined as a participant’s re-
jecting a construction or an idea before actually carrying
it out, because he or she found fault in the construction
or idea and believed it would not result in the successful
solution of the problem. For example, the participants re-
jected ideas because they realized that, if the idea were
carried out, the candle would be too close to the door,
the candle would be perpendicular to the door and, in-
stead, should be parallel to it, or the candle needed to be
attached directly to the door.

Two independent raters, blind to the hypotheses and
the participants’ solving success, coded all the protocols
for the presence of impasse, restructuring, and failure.
All information about solving success was removed from
the protocols, so that the raters were not aware of which
participants had produced the box solution. Further-
more, because other problems were administered, the
coders were also blind to the participants’ performance
on the other problems in the problem set. Prior to inde-
pendent coding, the coders worked with the first author,
to ensure that they could reliably implement the coding
scheme. Training continued until percentage of agree-
ment between the coders reached 90%.

When coding, the coders began at the beginning of a
protocol and coded each segment for the presence of im-
passe, restructuring, and failure, using the classification
schemes available in Tables 1 and 2, and as indicated in
the aforementioned description of failure. As was noted
above, protocols were segmented according to solution
attempts or ideas. To label a segment as containing a type
of impasse would require only the presence of that form
of impasse in that segment, and not in subsequent sec-
tions of the protocol. The coders were specifically in-

structed not to flip ahead when coding, which meant that
they were not aware of the participants’ solution success
or lack thereof until reaching the end of the protocol.

Both raters found examples of only three types of im-
passe: (1) A participant indicated that he or she did not
know what to do or was confused about the problem it-
self (Type 3), (2) a participant indicated that he or she
did not understand why a prior solution was called in-
correct by the experimenter (Type 6), and (3) a participant
discontinued work on the problem (Type 7). Interrater re-
liability was calculated for the presence or absence of
each of the three impasse types within all 34 protocols.
The interrater reliability calculations (phi coefficients)
for impasse were the following: Type 3, φ � .82; Type 6,
φ � 1; and Type 7, φ � 1. Interrater reliability was cal-
culated for each of the three types of restructuring in the
34 protocols, using phi coefficients. The interrater reli-
ability calculations for restructuring were the following:
reencoding, φ� .94; elaboration, φ� .76; and constraint
relaxation, φ� .86. Finally, interrater reliability was cal-
culated for the three forms of failure, using phi coeffi-
cients. The interrater reliability calculations for failure
were the following: experimenter rejection, φ � 1; fail-
ure of attempt, φ � .919; and inadequacy of idea /at-
tempt, φ � .847.

Analyses
Verbalization versus nonverbalization. Eight par-

ticipants in the V condition (23.5%) and 5 participants in
the NV condition (27.7%) produced the box solution.
The difference in box solution rates between the two
conditions was not significant [χ2(1, N � 52) � 0.113,
p � .736, φ � .047]. The 95% confidence interval of the
effect size ranged from �.245 to .332. An independent-
samples t test, comparing solving times between the V
and the NV conditions, for box solvers only (V, M � 5.97
min, SD � 3.70; NV, M � 5.32 min, SD � 2.27), was not
signif icant [t(11) � 0.351, p � .732, d � .21; two-
tailed]. The 95% confidence interval of the effect size
ranged from �.37 to .87.1

It is unwarranted to simply accept the null hypothesis
when significant results are not obtained. Although dif-
ferences were not found between the verbalization con-
ditions in measures of solution rates or solving times, we

Table 2
Impasse Coding Criteria

Type 1: Generating the same solution two or more times.
Type 2: Rereading the problem three or more times in succession.
Type 3: Indicating that his or her mind is blank.

Indicating that he or she is out of ideas.
Indicating that he or she is confused about the problem.

Type 4: Guessing at the solution.
Type 5: Demonstrating clear emotional frustration.
Type 6: Demonstrating fixation on the inability to understand why a prior solution is incorrect.
Type 7: Discontinuing work on the problem—cessation of behavior.

Discontinuing verbalization.
Not generating any additional solutions.

Note—A participant meets any criterion if it occurs one or more times in his or her protocol.
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thought it was necessary to determine whether there
might be other differences between the V and the NV
conditions. We next examined whether the verbalization
conditions differed in the sequence of solution ideas gen-
erated by the participants. A chi-square analysis was cal-
culated on the first solutions of the participants in the V
and the NV conditions for the six solution types in Fig-
ure 1. There were no differences between the two groups
[χ2(5, N � 51) � 0.890, p � .971].2 The contingency co-
efficient for this comparison was .131 (possible range,
0–.80), indicating a similar distribution of data across
the conditions (McNemar, 1962). The proportion of par-
ticipants generating each solution type as their first so-
lution is presented in Table 3. Approximately 75% of the
participants used the tacks as the key component in cre-
ating the first solution, 14% used the wax from the can-
dle, 6% used the matches/matchbook, and 4% used the
box. The proportion of participants generating tack-
related solutions as their first solution is comparable to
the results obtained in Weisberg and Suls (1973, Exper-
iment 3), in which 83% of the participants utilized tacks
in their first solution attempt.

We also examined possible differences in the first four
solutions generated by the participants in the two condi-
tions. We limited our analysis to the first four solutions
because fewer than half of all the participants generated
more than four solutions. The proportion of the partici-
pants’ first four solutions for each solution type is pre-
sented in Table 3.3 The distributions of proportions for
the two conditions are similar, with the largest difference
between proportions being .08.

Because the differences between the two groups on all
of the above measures were nonsignificant, the general
solution data for both verbalizing conditions were col-
lapsed across conditions. Overall, 25% of the partici-
pants (n � 13) created the box solution; the average solv-
ing time was 5.72 min (SD � 3.13). The box solution
rates are comparable to those obtained in the prior re-
search of Weisberg and Suls (1973) and Glucksberg and
Weisberg (1966), who reported 25% solution rates. The
similarity in solution rates in the present research to re-
sults obtained in prior research in which participants
solved the problem without verbalizing further indicates
that verbalization did not adversely affect the partici-
pants’ solving processes.

In conclusion, no differences were found between the
V and the NV conditions in the rates of producing the
box solution, in solving times, or in the types of solutions
generated during the overall solving process. This is con-
trary to the results reported by Schooler et al. (1993).
According to their data, participants in the verbalization
condition had lower solution rates than did participants
in the nonverbalization condition for insight problems,
but performed comparably to participants in the nonver-
balization condition for noninsight problems. Schooler
et al. concluded that the processes that underlie insight
differ from those that are involved in solving noninsight
problems and that, because those insight processes are
not readily verbalizable, there is a verbal overshadowing
effect on insight.

It is possible that methodological differences between
the present study and that of Schooler et al. (1993) might
have produced the differing results. First, the verbaliza-
tion instructions used by Schooler et al. were brief and
may not have been sufficiently clear in informing par-
ticipants in the V condition that the nature of the verbal-
ization was not to be explanatory. Prior research and re-
views on the topic of concurrent verbalization (Ericsson,
2002; Meissner & Brigham, 2001; Meissner et al., 2001)
have suggested that the instructions used to elicit ver-
balization can significantly influence any effects that
concurrent verbalization can have on task performance.
Ericsson (2002; see also Ericsson & Simon, 1993) has
stressed the importance of verbalizing thoughts cur-
rently in attention, rather than explaining concepts. Fur-
thermore, the research of Meissner and Brigham and of
Meissner et al. has indicated that the verbal overshad-
owing effect indicated by Schooler et al. occurs only
when participants are asked to generate extended ver-
balizations of visual stimuli. The failure by a number of
researchers to replicate the verbal overshadowing effect
(e.g., Meissner et al., 2001) indicates that the effect itself
may be unstable.

In addition to the verbalization instructions, the single
training problem used by Schooler et al. (1993) was a
noninsight problem and may have influenced participants’
expectations concerning the nature of the problem-solving
task. That is, the participants may have concluded that
all the test problems presented would be similar to the
training problem, thereby limiting the range of their
problem-solving strategies.

Because verbalization did not adversely affect perfor-
mance on the candle problem according to any of our
measures, we concluded that the participants’ thought
processes were not altered by verbalization during prob-
lem solving and that further analyses of the verbal proto-
cols of the participants in the V condition were reasonable.
These analyses could provide valuable information con-
cerning the cognitive processes underlying insight. There-
fore, we examined the verbal protocols for the presence of
two key characteristics of the insight sequence—impasse
and restructuring (e.g., Knoblich et al., 1999; Ohlsson,
1992)—and the role of failure in their occurrence.

Table 3
Proportion of Solution Types Generated by 

Participants in Each Verbalization Condition

First Solution First Four Solutions

Type V NV V NV

Tack (direct) .24 .17 .20 .15
Tack (hanger) .15 .11 .15 .08
Tack (holder) .39 .44 .33 .38
Wax .12 .16 .16 .12
Matchbook/matches .06 .06 .10 .18
Box .03 .06 .07 .08
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Impasse. We began our analysis of the insight se-
quence by examining the presence of impasse in the par-
ticipants’ verbal protocols. We found only 3 participants
who demonstrated a full cessation of problem-solving
behavior. Most of the participants continued to generate
solutions throughout the solving period, without ever
completely stopping all work. Therefore, we developed
a classif ication scheme for coding impasse as either
weak impasse or true impasse. A participant was identi-
fied as being in a state of weak impasse if he or she met
one or more of the impasse criteria, excluding a cessation
of behavior (Type 7; see Table 2). Only those participants
who demonstrated the cessation of problem-solving be-
havior (i.e., the failure to generate solutions or to con-
tinue verbalizing after three or more successive prompts
from the experimenter), with or without any other im-
passe criterion, were identified as exhibiting true impasse.
As was noted earlier, we differentiated weak from true
impasse on the basis of cessation of behavior, because of
Ohlsson’s (1992, p. 4) emphasis on that characteristic in
his discussion of impasse.

Fifteen of the 34 protocols contained some form of
impasse. Three of those 15 demonstrated a cessation of
behavior, which clearly indicated that they were mentally
at a loss (i.e., Type 7). When we examined the specific
types of impasse demonstrated by the participants, little
variability was exhibited (see Table 4). The majority of
impasse-like behaviors fell under Type 3 impasse, with
participants verbalizing that they lacked solutions, that
their minds were blank, or that they were confused. Al-
though there were participants who experienced Type 6
and Type 7 impasses, the occurrence of these behaviors
was minimal.

In order to examine the role of impasse in the genera-
tion of the box solution, we examined the rates of pro-
duction of the box solution in the participants who ex-
perienced impasse (weak or true) versus those who did
not. Seven of the 19 participants who did not experience
impasse (37%) and 1 participant of the 15 who experi-
enced impasse (7%) produced the box solution. None of
the 3 participants who experienced a complete cessation
of solving behavior (i.e., true impasse) produced the box
solution. A chi-square analysis was conducted on box
solution rates for impasse (weak and true combined) ver-
sus nonimpasse participants. The difference between im-
passe and nonimpasse groups was significant [χ2(1, N �
34) � 4.242, p � .039, φ � .35]. Thus, the participants
who did not experience impasse during the solving period

were more likely to go on to generate the box solution
than were the participants who experienced impasse.

Several examples of weak impasse can be found in the
following protocol:

I really have no idea so I’m just going to play because . . .
Actually have to attach it to the door . . . There’s no way
you can do it that way—if someone can do it that way
they’d have to be a genius because . . . I don’t . . . So it can
burn properly. Gosh, that doesn’t make sense either . . .
I’m thinking this is impossible because I can’t . . . What
am I doing? I have no idea.

It is important to note that at no point when making these
statements did the participant discontinue her work on the
problem; she continued to generate nonbox solutions.

The examination of impasse allows us to draw several
conclusions about its role in the candle problem. Most
of the participants who experienced impasse verbalized
that they were unsure of how to proceed with the prob-
lem or were out of ideas. They nonetheless continued to
generate solutions to the problem, as evidenced by the
12 participants who only met the criteria for weak im-
passe. Furthermore, the participants who experienced
impasse were unlikely to go on to produce the box solu-
tion. Although it seems logical that the participants who
become stuck should not go on to solve the problem, it
is important to consider what this finding suggests in
terms of the insight sequence and, more generally, the
study of insight. If it is the case that only solutions gen-
erated as a result of restructuring following impasse fall
under the category of insightful solutions, we have little
behavior of interest to study. In our analysis of the can-
dle problem, 44% of the participants experienced some
form of impasse, but only 1 individual, 3% of the 34 pro-
tocols analyzed, experienced impasse and then went on
to generate the insightful solution.

It is possible, however, especially for the 3 participants
who met the criterion for true impasse, that a 10-min
solving period did not provide enough time for the par-
ticipants to break out of impasse and subsequently solve
the problem in the bottom-up manner suggested by Ohls-
son (1992). Although the 10-min solving period used in
the present research is consistent with the 5-min to 10-
min solving periods used in prior research (e.g., Met-
calfe & Wiebe, 1987; Schooler et al., 1993; Weisberg &
Suls, 1973), it may be that longer solving periods are
needed to observe the solution of the problem in re-
sponse to true impasse. That possibility notwithstanding,

Table 4
Weak and True Impasse Frequencies

Weak* True* Combined
Criteria (n � 12) (n � 3) (n � 15)

Mind is blank (Type 3) 12 2 14
Not clear why prior work is incorrect (Type 6) 2 1 3
Failure to generate more ideas/solutions (Type 7) 0 3 3

*Several participants exhibited more than one impasse criterion.
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the present results do not provide strong support for
Ohlsson’s (1992) proposal that insights (defined in this
situation as production of the box solution to the candle
problem) occur in response to impasse.

Restructuring. The analysis of impasse uncovered
few solutions to the candle problem following impasse.
However, it is our view that solutions to the candle prob-
lem can arise independently of impasse, but still after re-
structuring (Weisberg, 1995; Weisberg & Suls, 1973).
These solutions would not be categorized by Ohlsson
(1992) as exemplifying the insight sequence, but due to
the presence of restructuring, such solutions should not
be classified as stemming from analysis. We therefore
examined the occurrence of restructuring in the partici-
pants’ verbal protocols.

The presence of restructuring in the protocols was
fairly common: Only 1 of the 34 participants failed to
exhibit any restructuring during the solving period. All
8 of the participants who solved the problem exhibited
one or more instances of restructuring in their protocols.
The number of individual occurrences of restructuring
by both box solvers and nonsolvers ranged from zero to
eight (M � 3.15, SD � 2.017). Restructuring can be
found in the following protocol:

I have thumbtacks, which are not probably going to go
through the candle. I might just be able to thumbtack them
up on the door. Um, I could always try but that’s not going
to be right . . . I only have thumbtacks. How am I supposed
to, how is a candle supposed to stay up and burn with only
thumbtacks? . . . That won’t work (trying to stick a tack in
the top of the candle). If I stick the thumbtack through the
candle the wax is just going to break off and it’s not going
to stay. And the matches, I might be able to do something
with them . . . [Not an example of restructuring—the po-
tential use of the matches as a new object was never pur-
sued.] If I make something for the candle that I can maybe
place it on . . . but I only have thumbtacks and I don’t know
how that’s going to work. It could work. [Example of con-
straint relaxation—the participant was trying to attach the
candle to the door directly but changed her conceptualiza-
tion of the goal state in thinking that a ledge to support the
candle might be a more effective solution.]

After several other restructurings, this participant gen-
erated the box solution.

We examined the relationship between the number of re-
structurings that occurred during a participant’s problem-
solving attempts and the subsequent production of the
box solution. The point-biserial correlation calculated
between the two variables was not significant (rpb �
�.041), indicating no relationship between the number
of restructurings during a participant’s solution attempt
and the subsequent production of the box solution.

To examine the relationship between impasse and re-
structuring, we conducted a one-way analysis of variance
(ANOVA) to examine potential differences among the
rates of restructuring under no impasse (M � 2.58, SD �
1.74), weak impasse (M � 4.50, SD � 1.93), and true
impasse (M � 1.33, SD � 0.58) conditions. It should be

noted, as was mentioned earlier, that the distinction be-
tween true and weak forms of impasse serves to repre-
sent the complete cessation of problem-solving behav-
ior, as indicated in Ohlsson’s (1992) definition (i.e., true
impasse), as well as to provide a more liberal interpreta-
tion of impasse, given the verbalization requirements of
the problem-solving task (i.e., weak impasse). The result
of this analysis was significant [F(2,31) � 6.111, p �
.006]. Tukey HSD post hoc analyses indicated signifi-
cant differences in numbers of restructurings between
true impasse and weak impasse conditions ( p � .024), as
well as between no-impasse and weak conditions ( p �
.016), with weak impasse participants demonstrating
more instances of restructuring than participants in the
true or no-impasse conditions. Rates of restructuring,
however, did not differ between participants in the no-
impasse and the true impasse conditions ( p � .499).

We suggest that two components may contribute to
this result. First, it is possible that the elevated levels of
restructuring produced by the participants in the weak
impasse condition may have stemmed from their rapid
consideration of a number of alternatives in the hope of
solving the problem. In other words, the participants in
the weak impasse group generated more overall solution
attempts. When a solution attempt was identified as in-
adequate or incorrect, the participants modified their
thinking (i.e., produced a restructuring) and attempted
additional solutions. Furthermore, their quicker progres-
sion through different solution attempts led to an exhaus-
tion of their solution ideas, resulting in weaker forms of
impasse. To test this possibility, we conducted a one-way
ANOVA to examine potential differences among the
number of unique solutions generated by the participants
in the no-impasse (M � 2.53, SD � 0.96), weak impasse
(M � 3.50, SD � 1.68), and true impasse (M � 1.00,
SD � 1.00) conditions. The result of this analysis was
significant [F(2,31) � 5.261, p � .011]. Tukey HSD
post hoc analyses indicated significant differences in the
number of unique solutions between true impasse and
weak impasse conditions ( p � .012), but not between
weak impasse and no-impasse conditions ( p � .110). It
should be noted, however, that the weak impasse condi-
tion did generate more unique solution attempts than did
the other two conditions. Second, the lower rates of re-
structuring in the true impasse condition likely stemmed
from the fact that the participants reached a cessation in
problem-solving behavior, as indicated in the definition
of true impasse, which might also have led to a decrease
in the rates of restructuring.

Analyses of the restructuring data have led to several
interesting conclusions about restructuring in the candle
problem. First, it was possible to generate and reliably
implement a classification scheme to test for the pres-
ence of restructuring. Second, restructuring was a com-
mon occurrence for the participants solving the candle
problem, both for the participants who experienced im-
passe and for those who did not. Although the partici-
pants who experienced impasse also experienced re-
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structuring, the impasse and restructuring combination
did not usually result in the insightful solution to the can-
dle problem. Only 1 of the 14 participants who experi-
enced both impasse and restructuring went on to solve
the candle problem, using the box as a holder for the can-
dle. It should be noted, however, that 7 of the 8 partici-
pants who generated the box solution experienced re-
structuring without impasse, a form of solving that does
not meet the criteria for insight under the insight se-
quence of Ohlsson (1992). This mode of restructuring
can be called top-down restructuring, because, in con-
trast to what we have called the bottom-up restructuring
process postulated by Ohlsson (1992), in this case the
process is being driven “from the top”—that is, by the
person’s knowledge and his or her analysis of the new in-
formation arising from the unsuccessful solution at-
tempt. It is important here to differentiate bottom-up
from top-down restructuring. In the latter, the individual
changes the way of looking at the problem as a result of
trying to deal with specific difficulties that have arisen
in the problem (e.g., failure). In the former, as was noted
earlier, the individual examines the situation without a
plan, in the hope that something might open up possibil-
ities for a new solution type.

Failure. We have suggested that failure during problem
solving is related to the occurrence of restructuring (Weis-
berg, 1995; Weisberg & Suls, 1973) and may be related to
impasse as well. An examination of the protocols revealed
that failure was a common occurrence (see Table 5), with
a total of 213 instances of failure found. Of these, 67 (31%)
were instances of experimenter rejection, 97 (46%) were
instances of failure of attempt, 44 (21%) were instances
of inadequacy of idea or attempt, and 5 (2%) were in-
stances of failures that did not meet the criteria for the
other categories (e.g., the solution is too dangerous to
create).

In determining whether a relationship existed between
failure and restructuring or between failure and impasse,
we identified instances of failure that were followed by
the occurrence of impasse and/or restructuring in a sub-
sequent portion of the same segment of the protocol or
in the segment immediately following. Of the 213 iden-
tified failures, 128 (60%) were followed by impasse or
restructuring, and 85 (40%) were not. Of the 60% that
were followed by impasse or restructuring, 10 instances
of failure were followed by both impasse and restructur-
ing. A binomial test indicated that significantly more

failures were followed by impasse or restructuring than
were not ( p � .004).

We then examined the presence or absence of failure
prior to impasse and restructuring, independently. In-
stances of failure preceded impasse in 29 of the 30 im-
passe events that were identified (97%; see Table 6A),
demonstrating a close relationship between the two. In
examining restructuring, instances of failure preceded
restructuring in 99 of the 116 identified events (85%; see
Table 6B). The specific frequencies for impasses and re-
structurings that occurred independently of failure are
presented in bold (see Impasse Independent of Failure,
Table 6A; Restructuring Independent of Failure, Table 6B).

We next considered more specifically the relationship
between the type of failure and the type of restructuring
or impasse that followed. For the instances of failure that
were followed by impasse (see Table 6A), two trends
emerged. First, experimenter rejection was more likely
to result in impasse than were the other forms of failure.
And second, for all forms of failure, the Type 3 form of
impasse, where participants indicated not knowing what
else to attempt, was most likely to follow. For instances
of failure that were followed by restructuring, we deter-
mined the proportion of each restructuring type that fol-
lowed each of the failure types. The resulting propor-
tions indicated that the distributions of restructuring
types were similar following the three failure types (see
Table 6B).

The role of failure in the occurrence of impasse and
restructuring is evident. The occurrence of failure was
more likely to be followed by impasse or restructuring
than not. Furthermore, both impasse and restructuring
were more likely to occur following failure than inde-
pendently. Impasse occurred independently of failure in
only one case (3%), suggesting that impasse is almost al-
ways preceded by an incident of failure; however, im-
passe occurred subsequent to failure in only 29 of the
213 instances of failure that were found (14%), indicat-
ing that the occurrence of failure does not necessitate the
occurrence of impasse. A greater percentage of failures
were followed by restructuring (32%) than by impasse;
however, it is also true that there was a greater percent-
age of restructurings that occurred independently of fail-
ure (15%) than of instances of impasse that occurred in-
dependently of failure (3%). This result coincides with
the results of Weisberg and Suls (1973), who found that
failures of proposed constructions were critical in pro-

Table 5
Frequencies of Failures (General)

Failure Followed by Failure Independent of
Failure Type Impasse or Restructuring Impasse or Restructuring Total

Experimenter rejection 52 15 67
Failure of attempt 43 54 97
Inadequacy of idea/attempt 31 13 44
Other 2 3 5

Total 125 85 213
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ducing the restructuring of the candle problem that we
have called top-down restructuring. Recently, Ormerod,
MacGregor, and Chronicle (2002) also noted that partic-
ipants’ failures to generate successful moves or con-
structions were essential to subsequent solution of the
eight-coins problem, another problem presented in the
literature as an insight problem.

In conclusion, we were able to identify a relationship
between failure and restructuring, as well as between
failure and impasse. Because the majority of restructur-
ings were preceded by rejections of ideas or construc-
tions, it seems reasonable to conclude that failure may
play a critical role in structuring an environment so that
the solution of insight problems is possible. We propose
that failure in the candle problem could be an important
contributor to the occurrence of top-down restructuring,
because failure provides participants with new informa-
tion about which solution ideas are likely to be effective
and which are not. The importance of failure in the oc-
currence of restructuring has also been suggested in
prior research with this problem (Weisberg & Suls, 1973)
and with others (e.g., Ormerod et al., 2002).

CONCLUDING STATEMENTS

The present study showed that instructing participants
to verbalize did not adversely affect their thought pro-
cesses when solving the candle problem. We thus failed
to reproduce Schooler et al.’s (1993) verbal overshadow-

ing effect. The present research, however, differs from
the research of Schooler et al. in a number of ways. First,
differences in verbalization’s effect on problem solving
may be linked to the types of insight problems used. If
this is true, the three problems used in Schooler et al.’s
research differ in some manner from the candle problem.
Second, differences may stem from the manner in which
the participants in the two studies executed the instruc-
tions to think aloud. Our instructions were specific about
performing the task as if talking to oneself, rather than as
if talking to the experimenter. And finally, other factors
in the methodology may have contributed to differences
in results. For example, it is possible that the types of
training problems used in the two studies may have re-
sulted in differences in the participants’ task expecta-
tions and, therefore, problem-solving performance.

On the basis of the present study, it becomes clear that
additional research is needed before we can adequately
determine whether verbalization is an effective method-
ology for use with all problems labeled as insight prob-
lems or whether the implementation of this methodology
is more appropriate for a subset of problems not affected
by concurrent verbalization. First, it is important that the
same insight and analytic problems as those used in
Schooler et al.’s (1993) research be examined, using mod-
if ications to the methodology to determine whether
those modifications influence results. Second, it will be
important to examine the effects of verbalization in an
expanded set of insight problems, to determine whether a

Table 6A
Responses to Failure: Impasse

Impasse Type Following Failure

Failure Type Type 3 Type 6 Type 7 Total

Experimenter rejection 10 (.62) 4 (.25) 2 (.12) 16 (1.0)
Failure of attempt 6 (1.0) 0 (0) 0 (0) 6 (1.0)
Inadequacy of idea/attempt 6 (.86) 0 (0) 1 (.14) 7 (1.0)
Other 0 0 0 0

Total failure → impasse 22 4 3 29

Impasse independent of failure 1 0 0 1
Total 23 4 3 30

Note—Proportions are shown in parentheses.

Table 6B
Responses to Failure: Restructuring

Restructuring Type Following Failure

Constraint
Failure Type Elaboration Reencoding Relaxation Total

Experimenter rejection 7 (.19) 11 (.30) 18 (.50) 36 (1.0)
Failure of attempt 15 (.40) 7 (.19) 15 (.40) 37 (1.0)
Inadequacy of idea/attempt 9 (.38) 7 (.29) 8 (.33) 24 (1.0)
Other 0 2 0 2

Total failure → restructuring 31 27 41 99
Restructuring independent of failure 8 4 5 17
Total 39 31 46 116

Note—Proportions are shown in parentheses.
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verbal overshadowing effect occurs only in insight prob-
lems of certain types (e.g., riddles vs. manipulation prob-
lems; see Weisberg, 1995, for a review).

In the present research, analyses comparing the two
verbalization conditions did not show significant differ-
ences. It, therefore, seems unlikely that instructing par-
ticipants to verbalize while solving the candle problem
adversely affects solution rates or solving times or re-
sults in changes in the underlying cognitive processes.
The subsequent analysis of the participants’ verbal pro-
tocols was useful in the identification of impasse and re-
structuring in participants solving the candle problem.
We were able to find instances of impasse and restruc-
turing in the verbal protocols of solvers and nonsolvers.
In addition, the occurrence of restructuring was common
in all the protocols, with the number of restructurings
being unrelated to the production of the box solution.
Impasse occurred less often, with the participants who
experienced impasse being less likely to go on to pro-
duce the box solution. Although we identified 10 in-
stances in the protocols where the occurrence of failure
was followed by both impasse and restructuring, there
was only 1 participant who produced the box solution
after the occurrence of impasse and restructuring. The
single occurrence of impasse in conjunction with re-
structuring, leading to the box solution, suggests that the
insight sequence of Ohlsson (1992) occurs minimally in
participants solving the candle problem. In addition, the
number of solvers who generated the solution to the
problem following multiple restructurings but without
the experience of impasse demonstrates that the majority
of solutions to the candle problem, an insight problem,
do not occur via insight (i.e., impasse plus restructuring).
The results of the present research suggest that there is a
need to conduct deeper analyses of the processes involved
in problem solving and that a basic insight /analysis di-

chotomy is not sufficient to encompass the cognitive
processes involved in problem solving.

A second issue facing researchers studying insight in
problem solving is the stimuli used as insight problems.
It has been suggested that a number of differences exist
between insight and noninsight problems, including dif-
ferences in the potential for restructuring during prob-
lem solving (i.e., a change in the problem representation
vs. none), differences in the scope of individual problem
spaces (i.e., the number of different solution paths avail-
able), and differences in the number of strategies that can
lead to the solution of the problem (see Weisberg, 1995,
for a review). What is less clear is how such distinctions
between problems translate into differences in the actual
occurrence of insight. For example, the candle problem
may produce few instances of impasse’s leading to re-
structuring and, therefore, solutions arising from Ohlsson’s
insight sequence, because there are many constructions
that can be generated from the objects available (i.e., a
large problem space). However, the marrying man prob-
lem (see the Appendix) may result in higher rates of true
impasse in problem solvers, because the possible solu-
tion paths stemming from the problem itself are fewer in
number. Support for this prediction can be found in the
research of Ormerod et al. (2002), in which participants
were more likely to achieve the solution to a problem
when few potential solution paths existed for solving the
problem.

The results of the present research suggest that the
analysis of verbal protocols is an effective methodology
through which to examine the cognitive processes un-
derlying insight. Although researchers have examined
many factors that contribute to insight (e.g., functional
fixedness and incubation), few have attempted a more
direct examination of the characteristics of cognitive
processes theoretically implicated in reviews of insight

Table 7
A Continuum of Problem-Solving Methods: Stages in Problem Solving

1. Problem presented ⇒ match with knowledge ⇒ transfer solution (if no solution available ⇒ #2)
A. If solution transfers ⇒ problem solved (problem is familiar ⇒ no Aha!)
B. If solution fails, but new information arises ⇒ #3
C. If solution fails and no new information arises ⇒ #4

2. Problem presentation ⇒ No transfer ⇒ Analysis ⇒ Solution
A. No solution ⇒ #4

Comment: Person works through problem logically, trying to develop solution; if successful, problem solved directly; no
impasse, no restructuring; however, Aha! is possible.

Top-Down Restructuring

3. New information from failure ⇒ New match with knowledge ⇒ New method (Restructuring)
A. If new method leads to solution ⇒ stop
B. If new method leads to failure, but more new information arises from the failure ⇒ #1
C. If new method fails and no new information arises ⇒ #4

Comment: Restructuring based on feedback from problem; no impasse, but Aha! possible.

Ohlsson’s Bottom-Up Restructuring 

4. Impasse: “Switch when stuck?”
A. If bottom-up restructuring leads to new information ⇒ #1; if no new information arises ⇒ stop

Comment: Attempt to acquire new information from bottom up, through reencoding, elaboration, and constraint relaxation
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problem solving. Therefore, the analysis of verbal pro-
tocols may be effective in evaluating existing theories of
insight problem solving (e.g., Ohlsson, 1992), as well as
testing the existence of the cognitive components be-
lieved to be fundamental components of insightful prob-
lem solving.

As a final point, it is important to note that the two
views we have examined here—Ohlsson’s (1992) postu-
lated bottom-up restructuring in response to impasse and
what we have called top-down restructuring in response
to failure and new information—are not necessarily op-
positional. Table 7 outlines a view of problem solving
that assumes that there is a continuum of problem-solving
methods between analysis and impasse, with Ohlsson’s
(1992) insight sequence being only one of several possi-
ble ways of solving problems. That is, one does not have
to assume that solution to a problem involves either analy-
sis (i.e., smooth progress) or impasse. One can solve an
“insight problem” without impasse, but one still might
not progress smoothly to solution. Furthermore, in carry-
ing out a solution method intermediate between analysis
and impasse, one can restructure a problem in a top-
down manner and produce the insightful solution (Weis-
berg, 1980; Weisberg & Suls, 1973).

The continuum view assumes that all problem solving
begins with an attempt to match the problem with what one
knows. If the person is familiar with the problem or with
one like it, there is a solution available in memory that can
be transferred to the new problem (Stage 1 in Table 7).4
If the method transferred from the old problem works in
the new situation, the problem is solved (Stage 1A). If
the transferred solution fails, there may be new informa-
tion that becomes available from that failure (Stage 1B).
This new information initiates an attempt to determine if
the now-new problem is familiar (Stage 3), which can re-
sult in a top-down restructuring of the problem (i.e., re-
structuring of a problem without an impasse) and which
could produce the insightful solution to an insight problem.

If Stage 3 is fruitless, the individual has reached an
impasse (Stage 4). The bottom-up processes postulated
by Ohlsson (1992)—elaboration, reencoding, and con-
straint relaxation—might then come into play. The indi-
vidual examines various aspects of the problem, in the
hope of discovering some new way of approaching it.
However, it should also be noted that the question of how
people respond to impasses is an empirical one; as the
present study has demonstrated, it is not logically neces-
sary that one respond to impasse with an attempt at
bottom-up restructuring.

In conclusion, we suggest that the cognitive processes
involved in problem solving should be viewed as a con-
tinuum between analysis and insight. By using protocol
analysis in the study of problem solving, it will be pos-
sible to generate a more complete picture of the cognitive
processes that occur during problem solving.
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NOTES

1. It should be noted that Ericsson and Simon (1993) have indicated
that although providing verbal protocols does not alter thought pro-
cesses, concurrent verbalization can slow the rate of cognitive processes,
which would translate into longer solving times.

2. It should be noted that 1 participant did not produce any solutions.
3. Further analyses were not possible, because the observations were

not independent.
4. An individual may have more than one possible solution available

to a problem. When this occurs, several additional cycles through the
stages in Table 7 will occur. However, since the overall logic of the so-
lution process does not change, we will, for the sake of simplicity, as-
sume that only one solution possibility occurs to the person.

APPENDIX
Test and Training Problems

Test Problem
The Candle
Problem. Using the items on the table, attach a candle to a door so that it can burn properly. Among the avail-
able objects are a book of matches and a box of tacks.
Solution. Use the box from the tacks as a candleholder or shelf.
Source. Duncker (1945).

Training Problems
The Marrying Man
Problem. A man in a town married 20 women in the town. He and the women are still alive, and he has had
no divorces. He is not a bigamist and is not a Mormon, and yet he broke no law. How is that possible?
Solution. The man is the minister who married the women to their husbands.
Source. Gardner (1978).

The Matchsticks
Problem. Using six matches, make four equilateral triangles, with one complete match making up the side 
of each triangle.
Solution. Form a tetrahedron (a triangular-based pyramid) with the matchsticks.
Source. Scheerer (1963).

(Manuscript received May 12, 2003;
revision accepted for publication January 12, 2004.)
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