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Incubation effects

STEVEN M. SMITH and STEVEN E. BLANKENSHIP
Texas A & M University, College Station, Texas

After an initial period of unsuccessful work at solving a problem, a subject might either con-
tinue to work uninterruptedly or put the problem temporarily aside, returning to it later. The
elusive laboratory phenomenon called “incubation” refers to syperior performance for those sub-

jects who return to the problem after a delay rather than working con

y on the problem.

The forgetting-fixation hypothesis states that correct solutions are made inaccessible during initial
problem solving when incorrect solutions are mistakenly retrieved. Forgetting (or decreased ac-
cessability) of fixated material should make correct solutions relatively more accessible, thus lead-
ing to incubation. Four experiments in the present study found incubation effects using a set
of picture-word problems called rebuses. Misleading clues were initially presented with some of
the problems, to induce fixation artificially. Greater forgetting occurred at retest for groups showing
the greatest incubation effects, consistent with the forgetting-fixation hypothesis.

After one has temporarily left an unsolved problem, an
unexpected insight into the solution may occur. This
phenomenon is known as incubation. The popularity of the
concept of incubation suggests that the phenomenon is com-
monly produced in the laboratory. Olton (1979), however,
ina review of the experimental literature on incubation ef-
fects, concluded that ‘‘experimental evidence in support
of incubation is extremely slim”’ (p. 15). Studies in which
incubation effects have not been found include Gall and
Mendelsohn (1967), Dominowski and Jenrick (1972), and

,  Olton and Johnson (1976).

In the present study, we hypothesized that retrieval of
inappropriate information and strategies from memory dur-
ing initial problem solving blocks retrieval of the correct
information and strategies needed for successful problem
solving. The overcoming of fixation, which is essential for
incubation, consists of forgetting (i.e., decreasing the ac-

cessibility of) inappropriate information so that appropri-
ﬂe‘ﬂ"/l!i)on will be relatively more accessible. This

general explanation will be referred to as the forgettmg-
fixation hypothesis. _

The Torgetting-fixation hypothesis provided the idea for
an experimental technique for observing incubation in
problem solving in the laboratory. The technique involves
atest-retest procedure in which problems are given twice:
first, with misleading ‘‘clues’’ designed to divert retrieval
away from the correct information, and again later, without
the misleading information. Improvements from the first
to the second period ¢ solving were J)redlcted
to be greater when the problems were temporarily put
aside. This hypothesized outcome operationally defines
incubation.

In our studies we used rebus problems, a type of pic-
ture-word puzzle. Solutions to the rebuses are common
phrases that fit the word-pictures, usually involving

Correspondence may be addressed to Steven M. Smith, Psychology
Department, Texas A & M University, College Station, Tx 77843.
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idioms. For example, the solution to the rebus ‘‘timing
tim ing’’ is ‘‘split-second timing,’’ because the second
“‘timing’’ is split into two parts.

EXPERIMENT 1

In Experiment 1, the first 15 rebuses were presented with
useful clues. The critical rebus, which was given last, was
presented with a misleading clue. It was hoped that the use-
fulness of the clues in early problems would lure the sub-
jects into using the misleading clue to probe memory in-
appropriately, thus inducing fixation. The subjects were
later given the critical item a second time, without a clue
present. They were asked to try to solve the problem first,
and then to try to recall the previously associated clue. This
clue-recall test was used as an index of forgetting of fix-
ated information.

The time and activity inserted between the two presen-
tations of the critical problem were varied. The interval
was 0, 5, or 15 min (control, 5-min, and 15-min), and
either unfilled or filled with a demanding ‘‘music perce;
tion task.™ The Torgeting-fixation hypothesis predicted that
Jonger intervals and filled intervals would lead to poorer
memory of the critical misleading clue and, concomi-
tantly, to more incubation effects (i.e., higher improve-
ment scores).

Method

The 108 subjects were student volunteers who fulfilled a requirement
for their introductory psychology course by participating in the experiment.

The stimuli used were rebuses, which are a type of picture-word puz-
zle. For the 22 rebuses used, the solutions were all common English
phrases. Two rebuses were used as examples, and the other 20 served
as experimental stimuli. Each rebus was pictured inside of a rectangular
border and was presented on an individual slide. Each clue was printed
on the top of the rectangular border. The first 15 experimental rebuses
were presented with usefyl clues intended to facilitate problem solving.
The last 5 rebuses had misleading clues. The retest was given with no
clues. Thelastrebus Jtem 20, was the critical test item. Item 20 was
‘“‘you just me’’ presented with the misleading clue *‘beside.’” The cor-
rect answer was ‘‘just between you and me."’

Copyright 1989 Psychonomic Society, Inc.
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For the music-perception task, instrumental musical selections were
played while the subjects answered questions about each piece’s identity,
how it made the subject feel, and what it made the subject think of. This
task was very demanding and engrossing for the subjects.

After the two example problems were explained, the 20 experimental
rebuses were presented at a 30-sec rate. The subjects were not informed
that there would be a retest. After the 20 clued rebuses, there was an
interpolated period that lasted 0, 5, or 15 min. In the 5-min and 15-min
conditions, the period was either fijled with the music perception task,
or unfilled (the subjects were asked to sit quietly). The critical problem
was presented again after the interpolated period, this time without clues.
One minute was given on the second presentation. The subjects were asked
to begin by trying to solve the problem, and they were then asked to try
to recall the clue that had previously been presented with that problem.

Results

Improvement. Improvement scores were computed as
the score at the retest (0 or 1) minus the score at the initial
test (O or 1). A one-way ANOVA was computed, com-
paring the control group, the 5-min (filled and unfilled)
group, and the 15-min (filled and unfilled) group, using
improvement scores as the dependent measure. The groups
were significantly different [F(2,105) = 3.08, MS. = .340,
p = .05], with the 15-min group scoring the highest, and
the control group the lowest (Figure 1). Two-tailed in-
dependent sample ¢ tests indicated that the control group
scored significantly worse than the 5-min group [#(105) =
2.62, p = .01] and the 15-min group [#(105) = 2.98,
p < .01]. The 5- and 15-min groups did not differ {#(105)
= .523, p = .60].

Another one-way ANOVA compared the control group,
the unfilled (5- and 15-min) group, and the filled (5- and
15-min) group, again using improvement as the dependent
measure. The differences among the groups were margin-
ally significant [F(2,105) = 2.82, MS. = 3.41, p = .06],
with the filled group scoring the highest and the control
group the lowest (Table 1). Two-tailed independent sam-
ple ¢ tests indicated that the control group scored signifi-
cantly worse than the filled group [#(105) = 2.29,p < .05]
and the unfilled group [#(105) = 2.08, p < .05]. The filled
and unfilled groups did not differ [#(105) = .289,p = .77].

Clue memory. The probability with which the mislead-
ing clues were recalled at retest was termed clue memory.
A one-way ANOVA compared the control group, the 5-

Clue Memory

Proportion
| ] » 1 n » [ a2 R

Inprovenent

Control 3-Hin 15-Min

Figure 1. Mean improvement (minimum = —1.0, maximum = 1.0)
and clue memory scores (maximum = 1.0) as a function of incuba-
tion condition in Experiment 1.

min group, and the 15-min group, using memory of the
clue from the retested item as the dependent measure. Clue
memory was highest in the control condition and lowest
in the 5-min and 15-min groups (Figure 1). These differ-
ences were significant [F(2,105) = 4.70, MS. = .23§,
p < .05]. Two-tailed ¢ tests indicated that the control group
recalled significantly more clue words than did the 5-min
group [1(105) = 2.62, p = .01] and the 15-min group
[#105) = 2.98, p < .05]. The 5- and 15-min groups did W  imum possible im
not differ [#(105) = .52, p = .60]. L recall.
Another ANOVA compared clue memory for the con- |

trol group, the unfilled group, and the filled group (T
ble 1). The groups were significantly different [F(2,105)
= 4.75, MS. = .238, p < .05]. The control group recalled
a higher proportion of the clues than did the unfilled group
[#(105) = 3.03, p < .01] and the filled group {#(105) =
2.55, p < .05]. The unfilled and filled incubation groups
did not differ from each other [#(105) = .61, p = .54].
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Discussion

Robust incubation effects were found in Experiment 1. Solutions of an
unsolved rebus were not observed in a continuous work (control) condi-
tion, whereas following incubation, improvements averaged 30%.

It can be seen that the control group not only improved less, but also
was more likely to recall the misleading clue than were the 5-min and
15-min groups (Figure 1). This suggests that the forgetting of mislead-
ing clues over time may have enhanced problem-solving performance.

The results of EmﬂM&%ﬂﬁst that the tendency
to solve problems increases as fixated information is forgotten.

EXPERIMENT 2

Discussion
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In Experiment 2, the retested rebus was presented with
a highly useful clue. This procedure should have made the
correct information equally (and highly) accessible to all
subjects. As in Experiment 1, the critical rebus was first
presented with misleading clues. Following 5 or 15 min
of incubation time, filled or unfilled, the subjects were
retested on the critical rebus with a useful clue. As in Ex-
periment 1, the subjects were asked to recall the previously

presented misleading clue after trying to solve the rebus. A somewhs

used in Expe

Method 30 sec of wor

The 102 subjects were student volunteers from introductory psychol-
ogy classes; they fulfilled part of a course requirement by participating.
The design, procedure, and materials used in Experiment 2 were iden-
tical to those in Experiment 1, except that in Experiment 2 the subjects
were retested on the critical rebus with a useful clue.

Results

Improvement. A one-way ANOVA compared the con-
trol, the 5-min, and the 15-min groups, using improve-
ment scores as the dependent measure. The means differed
significantly [F(2,99) = 4.43, MS. = .128, p < .05]. The

li%in/gr@gsm%g#g than did the control group
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Table 1
Mean Improvement Scores and Clue Recall as a
Function of Interpolated Activity in Experiment 1 and 2

Experiment 1 Experiment 2
Improvement Clue Recall Improvement Clue Recall
(ontrol —-.06 .78 .05 .86
infilled .28 37 .20 75
filled .32 .43 .05 .68
Note—Improvement = retest performance minus initial performance; max-
um possible improvement = 1.0. Proportion correct is shown for clue

!diﬁemnce&w@t\sﬁgmﬁ/ca.n/t_[F(Z,%) = 2.09, MS. =
14, p = .13].

Clue memory. Clue-memory scores for Experiment 2
re shown in Figure 2. An ANOVA compared the con-
rol, the 5-min, and the 15-min groups, using clue memory
s the dependent measure. The differences among the
neans were only marginally significant [F(2,99) = 2.82,
#Se = .185, p < .064]. The control group recalled sig-
ificantly more than did the 15-min group [#(99) = 2.08,
y < .05}, but not more than the 5-min group [#(99) = .50].
The difference between the 5- and 15-min groups was mar-
gnally significant [#(99) = 1.96, p = .052].

The ANOVA comparing the control, the unfilled, and
he filled groups on clue memory found no significant
fifferences.

Discussion

An incubation effect was again found, as in Experiment 1. The effect
was detectable only for the 15-min incubation conditions, and not for the
$-min incubation COMITON. CIIE emory was also affected by the dura-
ton of the incubation interval in Experiment 2. The highest mean recall
was found in the control group, the next highest in the 5-min group, and
tie lowest in the 15-min group (Figure 2). That more solutions and more
frgetting of misleading clues were found with Tonger intervals between
ust and retest supported the forge forgetting-fixation hypothesis. However, it
yppears that the filler task did not induce forgetting, nor did it enhance
wlution rates in this experiment.

EXPERIMENT 3
A somewhat different no incubation/control group was
wed in Experiment 3. In the control group, the initial
30 sec of work on each rebus was immediately followed
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Figure 2. Mean improvement (minimum = —1.0, maximum =

1.0) and clue memory scores (maximum = 1.0) as a function of in-
wbation condition in Experiment 2.

INCUBATION EFFECTS 313

by another 30 sec of work on the same problem. Incuba-
tion groups were given intervals between the initial test
of the 20-item block and the retest of the block.

In Experiment 3, rebuses with misleading clues were ini-
tially embedded within numerous other rebuses, which
were presented with useful clues. The subjects were later
retested on rebuses without clues. The time between the
first test and the retest was varied, and the activity in that
interval was also varied.

Method

The 147 subjects were volunteers who fulfilled a requirement for their
introductory psychology course by participating in the experiment.

One rebus problem appeared on each page of a 22-page test booklet.
Theanswersheetomsiswdofamunbcmdfonnmatcmmimdcluewotds,
one for each rebus (including the two example problems). For the exam-
ple problems and for seven of the experimental stimuli, the clues provided
extremely useful hints to the correct solutions of the problems. The other
13 clues, however, were intended to be misleading, suggesting phrases
other than the correct solutions.

The same music-E;iem'on task that was used in Experiment 1 was
again used as one of incubation-interval filler tasks in Experiment 3.
Multiplication problems were given in the math problems task. Each
problem required the subject to multiply two two-digit numbers.

The subjects were given two 30-sec periods for each rebus. Thus, the
subjects were given 1 min of solving time for each item. Their answers
were written on the answer sheet next to the appropriate clue words.

Of interest was what obcurred between the two 30-sec periods of problem
solving on each rebus. In the control group, there was no time between
the two periods. For each problem, there was a 30-sec period of work
with a clue present, followed immediately by 30 sec on the same problem
without a clue present. All other groups worked for 30 sec on each of
the other 19 rebuses before returning to the same rebus. For example,
for the item in Position 10, there followed 10 problems from the first
set and 9 problems from the second set before Problem 10 was re-
introduced. Incubation groups had 10 min of other rebuses, 10 min of
rebuses plus 5 min of rest, 10 min of rebuses plus 5 min of the music-
perception task, 10 min of rebuses plus 5 min of math problems, or 15 min
of rebuses. The 15-min rebus group received six extra problems not given
to the other subjects. Thus, there were five incubation groups and one
control group.

Results

Improvement scores were calculated as the number of
problems correctly solved during the second 30-sec period
of problem solving that were not solved during the first
30-sec period. The maximum possible improvement score
was 20. A one-way ANOVA was computed using inter-
polated activity (no incubation, 10-min rebus, 10-min re-
bus + 5-min rest, 10-min rebus + 5-min math, 10-min
rebus + 5-min music, 15-min rebus) as the independent
variable, and improvement as the dependent measure.
Differences among the six groups were significant
[F(5,141) = 4.30, p < .01]. Pairwise comparisons showed
that the control group improved significantly less than any
of the incubation groups, but that the five incubation groups
did not differ among themselves (Table 2).

For the five incubation groups, the number of dropouts
was calculated as the number of solutions from the first
30-sec period of work on a rebus that were not remem-
bered on the second work period for that rebus. Whereas
the number of dropouts did not significantly differ as a
function of incubation group (F < 1.0), the ordering of
the means indicated that the greater the number of dropouts,
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the more improvement seen in problem-solving perfor-
mance from the first to the second test (Table 2).

Discussion
That solution rates improved when time was inserted between the two
work periods again supports the idea of incubation in problem solving.

The type of activity inserted between the two periods of problem solv-
ing did not appear to affect gree ol improvement. This indicates

that an opportunity to work surreptitiously on unsolved problems during
the inserted time did not affect the subjects’ levels of incubation.

EXPERIMENT 4

Experiment 4 replicated the major findings of Ex-
periment 3.

Method

The 101 subjects were volunteers from introductory psychology courses.

The materials for Experiment 4 were identical to those in Experiment 3,
except that 10 of the 20 test rebuses had helpful clues and 10 had mis-
leading clues.

There were three conditions in this study. The control group worked
through the entire set of 20 rebuses at the rate of 1 min per problem:
30 sec with clues provided, and 30 sec without the clues. The math group
worked through the set of 20 rebuses at the rate of 30 sec per problem,
then worked on a multiplication filler task for 5 min, then were asked
to work on the same set of rebuses previously presented for 30 sec per
problem. The story group worked through the set of problems at the rate
of 30 sec each, then read a short story. The participants were given 5 min
to complete the story. These subjects then worked on each rebus again
for an additional 30 sec.

Results and Discussion

The results of Experiment 4 were very similar to the
results of Experiment 3 (Table 3). Improvement scores
were again calculated as the number of problems correctly
solved during the second 30-sec period of problem solv-
ing that were not solved during the first 30-sec period. A
one-way ANOVA was computed, using interpolated ac-
tivity (control, math, story) as the independent variable and
improvement as the dependent variable.

The effect of interpolated activity was significant [F(1,45)
= 4.56, MS. = 1.03, p < .05]. Newman-Keuls pairwise
comparisons (« = .05) indicated that the story group per-

Table 2
Mean Improvement and Dropout Scores as a
Function of Incubation Time in Experiment 3

Number Number of

Condition Improved Dropouts
Control (no incubation) .96 —
Incubation

10 min 2.00 24
10 min + 5 min rest 2.56 .38
10 min + 5 min music 2.27 .39
10 min + 5 min math 2.22 41
15 min rebus 2.48 - .57

Note—Scores shown are based on a maximum of 20 problems.

(Manuscript received November 28, 1988.)
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Table 3
Mean Improvement and Dropout Scores as a
Function of Condition in Experiment 4

Condition Improvement  Dropouts  Clue Recall

No Incubation
Control 1.00 .18 18.65
Incubation
Math 1.40 .20 15.20
Story 2.06 53 14.75

Note—Improvement = number of initially unsolved problems which
were solved at retest. Dropouts = number solved initially but not solvel
at retest. Maximum cue recall = 20.

formed better than the control group (critical difference
= .879), sz (critical differ-
ence = .7 € math and control groups did not differ.

As in the other experiments, the subjects who were in-
terrupted during problem solving showed significant im-

provement upon returning to g to the problem as compared with
those who worked continuously.
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GENERAL DISCUSSION

Incubation effects, defined as improvements in problem-solving per-
formance when subjects are retested on problems after an interval, were
found in all four experiments. This consistent finding supports the idea
of incubation in problem solving, and it suggests that the paradigm used
for observing incubation in the present experiments may be very useful.

Measures of forgetting, including clue recall and dropouts, appeared
to be related o problem-solving improvements in all four studies, thus
supporting the forgetting-fixation hypothesis. Unsuccessful attempts to solve
problems in the first test period may have resulted in fixation, especially
when misleading clues were presented.

It is possible that the brevity of the initial period of work given to re-
buses in the present experiments (30 sec) contributed to our finding in- |
cubation effects. The initial riod of work given in the studies previ-
ously reviewed was 2 to 15 min, durations considerably longer than that

used in the present m_m_lggl_wﬂmm&on a problem
_may induce such a degree of fixation upon initial incorrect solutions that

ﬂwgmhﬁsnw or put out of mind within the

minutes of incubation allowed in most studies.
ﬁ_@%ﬂ@nﬂ;ﬁmmmmmnuem

the incubation effects. This suggests that the incubation effects were not

due to confinned sork on rebus problems during the intervals, since. the

filler tas ven inued work on the rebuses.
1t is hoped that the forgetting-fixation hypothesis and igm used

in the present study will provide some of the necessary groundwork for
further investigations into the issues of fixation and incubation.
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