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Some time away from a problem, or incubation time, is found to be beneficial to
creative problem solving. But are interruptions as equally helpful as breaks? An experi-
ment was conducted to gain more insight into the differences between imposed and self-
initiated breaks, and their effects on creativity, specifically on impasses and insights.
There were three experimental conditions, (a) a continuous condition, in which parti-
cipants were not allowed to switch back and forth between tasks, (b) an interruption
condition, in which participants had to switch tasks at a predetermined moment, and
(c) a break condition, in which participants could switch tasks at their own discretion.
Results showed that taking breaks at moments chosen at one’s own discretion led to
solving more insight problems and reaching fewer impasses than at moments that were
chosen by others. Furthermore, compared to working continuously, interruptions led to

fewer impasses, but not to solving more insight problems.

At work, most knowledge workers can switch between
different activities or take breaks at their own discretion,
and they are also regularly subjected to interruptions
initiated by others (Czerwinski, Horvitz, & Wilhite,
2004; Nandhakumar & Jones, 2001). Jett and George
(2003) theorized that self-initiated breaks from work
can have positive effects on creativity, whereas interrup-
tions initiated by others may not bring about these posi-
tive effects. This proposition has not yet been tested.
This article describes an experiment to gain more insight
into the differences between imposed and self-initiated
breaks, and their effects on creativity, specifically on
insights (i.e., the distinctive and apparently sudden
realization of a strategy that aids in solving a problem;
Sternberg & Davidson, 1999), and on impasses (i.c.,
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the feeling of being “stuck” and not being able to solve
a problem; Fleck & Weisberg, 2004, p. 998).

INSIGHT PROBLEM SOLVING

Having a sudden insight, or “eureka moment,” is a well-
known phenomenon in everyday life and in the litera-
ture (Sternberg & Davidson, 1999). Individuals suddenly
and unexpectedly get a good idea that brings them a
great step further in solving a problem (Wallas, 1926).
To be more specific: Individuals may suddenly become
aware of a new strategy that may solve the problem at
hand (Sternberg & Davidson, 1999). An often cited
creative problem-solving model that includes sudden
insights is that of Wallas (1926). It consists of four
stages: (a) the preparation stage: gain in-depth knowl-
edge about a problem, (b) the incubation stage: take
some time away from the problem, (c) the illumination
stage: suddenly and unexpectedly an insight comes to
mind, and (d) the verification stage: verify the applica-
bility of the idea. The underlying hypothesis of this
model is that incubation time aids the problem-solving



process. In a review article about experimental research
on the effect of incubation time, Dodds, Ward, and
Smith (in press) concluded that this incubation effect
exists: roughly 75% of the experiments show positive
effects of incubation time.

In addition to Wallas’ model, Smith and Blankenship
(1991) and Smith (1995) suggested that incubation time
is only valuable in specific situations: “Problems that are
solved immediately require no incubation [time]” (Smith
& Blankenship, 1991, p. 63). They argued that individuals
try to tackle problems with a certain problem solving strat-
egy, and that it is very difficult for them to approach a
problem with a different strategy when the first one does
not seem to be appropriate. They refer to this block to
successful problem-solving as a cognitive state of fixation.
In four experiments, Smith and Blankenship showed that
incubation time was only helpful in situations in which
individuals needed to overcome this state of fixation.

The insight problem solving model shown in Figure 1
combines Wallas’s model (1926) with the ideas of Smith
and Blankenship (1991) and Smith (1995). First, indivi-
duals start working on a problem, which results in some
problem progress. This is similar to what Wallas called
the preparation stage. If the problem is tackled with
the appropriate problem solving strategy, it can be
solved at once. If not, individuals reach a cognitive state
of fixation. They can keep trying to solve the problem,
but the chance that they will find a suitable strategy to
tackle the problem is very small and, most likely, the
problem will remain unsolved. Another option is to take
some incubation time. A sudden insight might occur that
reveals a new strategy which may solve the problem.

The Effect of Interruptions and Breaks on Insights

Both interruptions and breaks give individuals the
opportunity to take some time away from a problem,
in other words, to have some incubation time. As pre-
vious research has suggested (Dodds et al., in press),
either form of incubation time should improve problem
solving performance. Therefore, the first hypothesis of
this article states that individuals who are interrupted
benefit from the incubation effect, and solve more
problems than individuals who continuously work on

Start working
on problem
|H‘Iiiﬂn_ o k hl . splved
Cootinas o wodk Probiem romains
Fixation =

FIGURE 1 Insight problem solving model.
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these problems. Similarly, a second hypothesis is that
individuals who can take breaks at their own discretion
solve more problems than individuals who continuously
work on these problems.

Hypothesis 1: Individuals who are interrupted solve
more insight problems than those who
work continuously on them.

Hypothesis 2: Individuals who can take a break at their
own discretion solve more insight pro-
blems than those who work continuously
on them.

Not empirically tested before is the question whether
there is a difference between the effects of interruptions
and breaks on creative performance, specifically, whether
breaks should be preferred over interruptions. Interrup-
tions are generally seen as negative and disruptive,
whereas breaks are not (Jett & George, 2003). In line with
this belief, time management training advises to avoid
interruptions as much as possible (Green & Skinner,
2005; Macan, 1994). Some research confirms the pro-
posed negative effects on task performance. For example,
in a field study in a commercial telecommunications
office, Eyrolle and Cellier (2000) found that operators
needed more time to complete tasks that were interrup-
ted, compared to tasks that could be carried out without
interruptions. They also conducted an experiment that
revealed that interruptions also have a negative effect
on the number of errors individuals make. Recently,
Bailey and Konstan (2006) have confirmed both of these
findings in a similar experiment. They found that inter-
rupted individuals needed more time to complete their
tasks, compared to uninterrupted individuals, and that
they made twice as much errors. But not all research finds
negative effects of interruptions on task performance. Ina
field study among 46 bank managers, Konig, Kleinmann,
and Hohmann (2004) found no relation between daily
performance and interruptions. Zijlstra, Roe, Leonora,
and Krediet (1999) conducted two experiments in which
they found that interruptions caused individuals to work
faster while maintaining the same level of quality.

In conclusion, former research suggests that, opposed to
the positive effect of incubation, interruptions might also
cause negative effects on task performance. Self-initiated
breaks, on the other hand, may not bring about such nega-
tive effects because individuals can choose a convenient
point in time to take them. Therefore, a third hypothesis
proposes that individuals who can take a break at their
own discretion outperform individuals who are interrupted.

Hypothesis 3: Individuals who can take a break at
their own discretion solve more insight
problems than those who are
interrupted.
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THE FEELING OF BEING STUCK

Conceptually new to this field of research is the distinc-
tion between the cognitive state of fixation and the
psychological state of impasse, and the use of impasses
as a dependent variable in creativity research. An
impasse is defined as the feeling of being “stuck” (Fleck
& Weisberg, 2004), and can be differentiated from the
cognitive state of fixation in two ways: First, the psycho-
logical state of impasse is affective and incorporates
negative emotions such as confusion and frustration
(Fleck & Weisberg, 2004), whereas the cognitive state
of fixation is free of such emotions because it occurs
unconsciously. Second, a lagged effect might exist
between the moment of fixation and the perception of
reaching an impasse: After fixation, individuals might
not realize immediately that it will be difficult to solve
the problem. Instead, it might take some time before
they feel stuck. In an experiment by Segal (2004), for
example, participants worked up to twenty minutes on
the presented insight problem before they stated that
they had reached an impasse. To be more precise, we
suggest that, after individuals get into a state of fixation,
negative emotions gradually increase over time. When
confusion and frustration reach a certain level, indivi-
duals decide that they do not want to work on the prob-
lem anymore and give up. At this point in time, they
reach the psychological state of impasse.

In previous research on the incubation effect, both
the cognitive state of fixation and the psychological state
of impasse were predominantly treated as a necessary
precondition for the incubation effect to occur (Dodds
et al., in press). In this article, the two are conceptually
separated: Fixation is treated as a necessary precondi-
tion, but impasse as an affective outcome of the creative
process, worthwhile to be studied in more detail.

The Effect of Interruptions and Breaks on Impasses

Both interruptions and breaks might be of influence on
the process of reaching an impasse. After individuals
reach the cognitive state of fixation, interruptions or
breaks may bring the process of building up negative
emotions to a temporary halt. This halt might prevent
these emotions from reaching the critical level of
impasse. Assuming that individuals reach a state of
fixation if they are not able to solve an insight problem
right away (Smith, 1995; Smith & Blankenship, 1991),
Hypothesis 4 states that individuals who are interrupted
report impasses less often than individuals who continu-
ously work on problems. Similarly, a fifth hypothesis is
that individuals who can take a break at their own
discretion report impasses less often than individuals
working continuously.

Hypothesis 4: Individuals who are interrupted report
fewer impasses than those who work
continuously on an insight problem.

Hypothesis 5: Individuals who can take a break at their
own discretion report fewer impasses
than those who work continuously on
an insight problem.

The last hypothesis focuses on the question of
whether there is a difference between the effects of inter-
ruptions and breaks on impasses reached, and which is
to be preferred in order to prevent an impasse. Here
the emphasis lays on the affective influences of interrup-
tions and breaks, and whether these add to the negative
feelings leading to the impasse. Breaks are not expected
to be a source of negative emotions, but interruptions
may be. For example, in the experiment of Bailey and
Konstan (2006), interrupted participants felt more
annoyed and anxious than uninterrupted participants.
Similarly, Zijlstra et al. (1999) found that interruptions
had a negative effect on their participants’ emotions.
On the other hand, interruptions may also prevent feel-
ings of boredom when individuals are working on simple
tasks (Fisher, 1998). To summarize, it is expected that,
although interruptions may reduce feelings of frus-
tration, they may also be a source of negative emotions.
Therefore, the sixth hypothesis states that individuals
who can take a break at their own discretion feel fewer
negative emotions than individuals who are interrupted,
and, as a consequence, they reach the state of impasse
less often.

Hypothesis 6: Individuals who can take a break at their
own discretion report fewer impasses
than those who are interrupted.

METHOD

Participants

One hundred and nine Dutch undergraduate students
(12 female) participated in the experiment. The average
age of the participants was 20.8; the youngest was 19,
and the oldest 27 years old. Their major was in indus-
trial engineering and management science and they were
highly educated in math and statistics.

Task

The creative task for each of the students was to solve
three insight problems. Different types of insight pro-
blems exist: verbal, mathematical, and spatial problems
(Dow & Mayer, 2004). We decided not to use math-
ematical or spatial insight problems, such as the well
known nine dot problem (Runco & Sakamoto, 1999;



Sternberg & Davidson, 1999), because of the risk that
these would be solved mathematically instead of
through insight (for comments on hybrid insight pro-
blems, see Weisberg, 1995). This risk was particularly
large in our student sample. Therefore, verbal insight
problems were used: three relatively difficult cryptic
crossword clues.! An example is: “not seeing the win-
dow covering (5 characters)” is “‘blind.” The three word
puzzles were selected and pretested during a pilot study
among 36 undergraduate students with the same edu-
cational background. Pretesting showed answer patterns
typical for insight problems: Solutions were generally
found right away, in the first minute (55%), or when
participants came back to a word puzzle after working
on other word puzzles (21%).

Design

The design consisted of three conditions. Participants in
all conditions had a total of three times six minutes to
work on the word puzzles. Participants in the continuous
condition were not allowed to switch back and forth
between the word puzzles, which meant that they
worked six minutes on puzzle A, then six minutes on
puzzle B, and then six minutes on puzzle C (see
Figure 2). In the interrupted condition, participants had
to switch to the next puzzle after three minutes, and
came back to it after they had worked on the other
two puzzles for three minutes each. The sequential
ordering of the puzzles was A, B, C, A, B, C (see also
Figure 2). Note that both the participants in the con-
tinuous and the interrupted conditions worked continu-
ously on a puzzle during the first three minutes.
Differences between these conditions occurred only after
the third minute. In the break condition, participants
could switch back and forth between the puzzles at their
own discretion. An example of a possible sequence of
puzzles in this last condition is also shown in Figure 2.

Procedure

Each participant was accompanied by an observer.
Beforehand, the observers handed out and verbally
repeated written instructions regarding the goal and
procedure of the assignment. The participants were
instructed to notify their observer when a puzzle was
solved, or when they had reached an impasse. Parti-
cipants were debriefed at the end of the experiment

'In cryptic crosswords, each individual clue is a word puzzle in and
of itself. In this case, the clues are the insight problems, not to be mis-
taken with clues or hints that are sometimes used as intervention to aid
insight problem solving (e.g., Chronicle, Ormerod, & MacGregor,
2001).
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FIGURE 2 Experimental design, task sequences.

and the solutions to the puzzles were sent to them by
e-mail the next day.

Measures

The observers recorded solutions and impasses. Because
the continuous condition and the interrupted condition
differed only after the third minute of a puzzle’s allotted
time, they distinguished between solutions and impasses
that occurred during the first half (first 3min) and
the second half (last 3min) of a puzzle’s allotted time.
As is customary when an experimental task consists of
multiple insight problems (Dodds et al., in press), the
data of the three puzzles were combined prior to data-
analysis: For each participant, we added the number
of puzzles that had been solved during the first half of
their allotted time. Similarly, the number of solutions
per participant during the second half was calculated.
The same procedure was used to calculate the number
of impasses during the first and second halves of the
puzzles® allotted time.

RESULTS

Solutions

In total, 85 word puzzles were solved, which means that,
on average, participants solved less than one out of the
three puzzles. Sixty-three puzzles were solved during the
first three minutes that had been spent on them, and 22
during the last three minutes. Specifically, half of the
puzzles (n=44) were solved right away, during the first
minute, confirming that these were insight problems:
Either a solution was found immediately, or it was
unlikely that it would be found at all. Means and stan-
dard deviations of the number of solutions per partici-
pant for each of the three conditions during the first
three minutes (first half) and the last three minutes
(second half) are presented in Table 1. Significant differ-
ences between the conditions are marked with different
superscripts.

Although most puzzles were solved during the first
half of their allotted time, no differences were expected
between the three conditions during this first half. A
one-way ANOVA confirmed this: No significant differ-
ences were found between the groups, F(2, 108)=.47,
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TABLE 1
Means and Standard Deviations of Solutions and Impasses
Solutions Impasses
Ist Half 2nd Half 1st Half 2nd Half

M SD SD M SD M SD
Continuous (N=36) .62¢ .69 .28 314 .88 .94¢ 95
Interrupted (N=36) 67¢ .80 .35 26 .54 39° .69
Break (N=36) S1¢ .63 .64 .36 .63 .28¢ 45

Note. Different superscripts indicate significant differences between conditions, p < .05 (one-tailed).

p=.63. A second one-way ANOVA revealed differences
between the groups during the second half of the allot-
ted time, F(2, 108) =4.63, p=.01, o =.30.

Scheffé’s tests were conducted to evaluate pairwise
differences among the conditions during this second
half. Participants in the continuous condition did not
solve more puzzles than participants in the interrupted
condition, p=.87, ns. This means that Hypothesis 1
was not confirmed; interruptions were not related to
more problems solved.

In the break condition, all but one participant took
breaks from the puzzles they were working on: They
started to work on a puzzle, worked on one or more
other puzzles temporarily, and then got back to the first
one. On average, they switched between puzzles nine
times. During the second half of the allotted time, part-
icipants in the break condition solved more puzzles than
participants in the continuous condition, p=.010 (one-
tailed). Hypothesis 2 was confirmed, which means that
positive effects of breaks on problem solving perform-
ance were found. Furthermore, participants in the break
condition solved more problems than participants in the
interrupted condition, p = .035 (one-tailed). Hypothesis 3
was also confirmed: Individuals who could take a self-
initiated break outperformed the interrupted individuals.

Impasses

Ninety-two impasses were reported, which means that,
on average, almost all participants reached an impasse.’
Thirty-four impasses were reported during the first half
of the allotted time and 58 during the second half. The
fact that more participants felt stuck during the second
half supports our assumption that it takes some time
to reach the psychological state of impasse. Means and
standard deviations of the number of reported impasses
per participant for each of the three conditions during
the first and the second half of the allotted time are
presented in Table 1.

20One outlier was excluded, because this participant reported nine
impasses.

Again, effects were only expected during the second
half of the allotted time. A one-way ANOVA showed
no differences between the three conditions during the
first half of the allotted time, F(2, 108)=.18, p=.84,
ns, and did reveal differences between the groups during
the second half of the allotted time, F(2, 108)=28.66,
p<.000, = .42.

Scheffé’s tests were conducted to evaluate pairwise dif-
ferences among the conditions during this second half.
Participants in the interrupted condition reported fewer
impasses compared to the participants in the continuous
condition, p = .004 (one-tailed). This means that Hypoth-
esis 4 was confirmed; interruptions reduced the number
of reported impasses. The participants in the break con-
dition also reported fewer impasses than the participants
in the continuous condition, p=.001 (one-tailed). This
means that Hypothesis 5 was confirmed; breaks also
reduced the number of impasses. Furthermore, the part-
icipants in the break condition reached fewer impasses
than the participants in the interrupted condition,
p=.035 (one-tailed). Thus, Hypothesis 6 was also con-
firmed: Taking a break at one’s own discretion had
additional positive effects over being interrupted.

DISCUSSION

The purpose of this study was to gain more insight into
the differences between imposed and self-initiated
breaks, and their effects on creativity, specifically, on
insight and impasses. The results reveal two major differ-
ences: Individuals who took breaks at their own discre-
tion (a) solved more problems and (b) reached fewer
impasses than interrupted individuals. It was also found
that interrupted individuals reached fewer impasses than
individuals who worked continuously on problems.

Insight Problem Solving

These results add to the literature on insight problem
solving and incubation time. First, the findings confirm
the existence of the incubation effect suggested by



Wallas (1926), in line with earlier research on this topic
(Dodds et al., in press; see also Segal, 2004). Second,
they are a unique contribution, because they imply that
the incubation effect is primarily evident when indivi-
duals can take incubation time at their own discretion,
and not when others determine the moment at which
the task is interrupted.

One possible explanation might be that a self-chosen
moment to switch tasks allows individuals to end their
cognitive activities on one task and start working on
the next, whereas an interruption may not allow for
such closure, and temporarily forces individuals to
divide their cognitive resources (Norman & Bobrow,
1975). This may have negative influences on task per-
formance (Bailey & Konstan, 2006; Eyrolle & Cellier,
2000). If so, the beneficial effect of the incubation per-
iod on the creative problem solving process might be
undone by the negative effect of being interrupted. A
second possible explanation might be that the incu-
bation effect is stronger when individuals intentionally
choose to take some incubation time. In a survey
among 213 college professors, Wells (1996) found that
those who intentionally set manuscripts aside for some
time produced more published articles than those who
did not. More research is needed to replicate our
results and investigate the precise mechanisms
responsible.

The results have important implications for further
research on the incubation effect. In previous research,
interruptions, rather than self-initiated breaks, were
used in experimental designs: Generally, participants
were not allowed to choose when they switched to
another task and back. Instead, they had to switch
tasks at predefined moments (Dodds et al., in press).
Exceptions are some early studies on incubation (e.g.,
Olton, 1979; Patrick, 1938) and a recent study by
Christensen and Schunn (2005), in which participants
were free to move back and forth between tasks. Other
exceptions are experiments in which participants were
allowed to switch tasks after they had reached an
impasse (c.g., Butler & Thomas, 1999; Segal, 2004;
Seifert, Meyer, Davidson, Patalano, & Yaniv, 1995).
Considering our results, it might be preferable to
incorporate breaks instead of interruptions in future
experimental designs when studying the incubation
effect.

The Feeling of Being Stuck

A second unique contribution of this article is that it is
one of the first experimental studies in which impasses,
or feelings of being stuck (Fleck & Weisberg, 2004),
are considered to be an affective outcome of the creative
process, and have therefore been measured as a depen-
dent variable. The results of this study suggest that both
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interruptions and breaks help to prevent individuals
from reaching an impasse, and that individuals who take
breaks at their own discretion reach even fewer impasses
than interrupted individuals.

Presumably, the underlying processes of these posi-
tive effects are associated with emotions, rather than
cognitions. If individuals use a faulty problem solving
strategy, negative feelings, such as frustration and con-
fusion, might build up gradually and result in an
impasse when they reach a certain critical level. Both
interruptions and breaks might prevent the negative
emotions from reaching this critical level. Emotions
may also explain why breaks are to be preferred over
interruptions. The division of cognitive resources over
the main task and the second, interrupting task
(Norman & Bobrow, 1975) can cause an increased level
of stress (Kirmeyer, 1988) and negative emotions (e.g.,
Bailey & Konstan, 2006; Zijlstra et al., 1999). When
these are added to the negative emotions caused by the
unsolvable problem, interrupted individuals might reach
the critical level of impasse at an earlier moment than
individuals who are able to take breaks at their own
discretion.

In future research, the psychological state of impasse
might be an interesting concept for further investigation.
Specifically, it may be interesting to focus on both the
psychological state of impasse and the cognitive state
of fixation and see how these relate to each other, to per-
formance measures, and to other psychological con-
structs. Fixation might be an important construct with
regard to problem solving and creative performance,
and negative psychological effects are to be expected
from impasses. To gain more insight into the difference
between fixation and impasse, one could conduct an
experiment similar to that of Fleck and Weisberg
(2004), in which participants were asked to think aloud
while solving an insight problem. Fleck and Weisberg
primarily focused on the processes leading to insight,
but a future experiment could focus on faulty problem
solving strategies (fixation) and the development of
emotions leading to the feeling of being stuck.

Interruptions are generally considered to have an
unfavorable effect on performance (Jett & George,
2003). Therefore, time management training advises
individuals to prevent them as much as possible (Green
& Skinner, 2005; Macan, 1994). Although the labora-
tory results of the current study may not be fully
generalizable to creative tasks in a work setting, they
imply that, in certain situations, interruptions may be
beneficial. When individuals need to work on a prob-
lem on which they do not make much progress, an
interruption may prevent high levels of frustration
and a feeling of being stuck. Yet, we found that taking
a break at one’s own discretion is preferable to being
interrupted.
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