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STATEMENT OF FOCUS

The Wisconsin Research and Development Genter for Cognitive Learning
focuses on contributing to a better understanding of cognitive learning by
children and youth and to the improvement of related educational practices.
The strategy for research and development is comprehensive. It includes
basic research to generate new knowledge about the conditions and processes
of learning and about the proc2 ses of instruction, and the subsequent devel-
opment of research~based instructional materials, many of which are designed
for use by teachers and others for use by students. These materials are tested
and refined in school settings., Throughout these operations behavioral scien-
tists, curriculum experts, academic scholars, and school pecple interact, in-
suring that the results of Center activities are based soundly on knowiedge of
subject matter and cognitive learning and that they are applied to the improve-
ment of educational practice.

This Technical Report is trom the Task and Training Variables in Human
Problemn Solving and Creative Thinking Project in Program 1, General objec-
tives of the Program are to genserate new knowledge about concept learning and
cognitive skills, to synthesize existing knowledge, and to develop educational
materials suggested by the prior activities, Contributing to these Program ob-
jectives, this project is focused on investigating creative problem solving as
a trainable cognitive skill, The development and testing of creative thinking

programs follow research on bzasic problem=-solving variables in different
situations,
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ABSTRACT

The main purpose of six experiments was to demonstrate that using idea
checklists, a standard and intuitively appealing creative thinking technique,
will increase idea quantity and quality., College students were allowed 10
minutes, 20 minutes, or (in one experiment) unlimited time to find ideas for
"product improvement" problems. The results indicated: (1) In the timed
and untimed experiments, the only checklist which significantly stimulated
productivity was composed of just seven general categories of solutions
(e.g., "change shape, " "change material," etc.). (2) Another creative
thinking technique, the morphological synthesis procedure (Allen, 1962),
also significantly stimulated idea production, but a direct comparison with
the brief checklist condition was not meaningful, (3) Ss provided with
longer checklists, including Osborn's (1963) 73 "idea-spurring questions,"
performed no better than untrained control Ss. (4) With additional problem-
solving time, rate of idea generation decreased but idea quality incre=sed,
(5) Object complexity, manipulated in two "timed" studies, was not sys-
tematically related to product--improvement scores. (f) Instructional con-
straints to "be original and be practical" decreased idea frequency. Tt was
concluded that creative output can be increased by teaching deliherate tech-
niques for generating new combinations of ideas,




INTRODUCTION

Virtually every program, course or book con-
cerned with training creative thinking includes
-instruction in techniques for the conscious and
deliberate production of new combinations of
ideas (Davis, 1969; Davis & Houtman, 19€8;
Davis, Manske, & Train, 1967; Edwards,
1968; Gordon, 1961; Mason, 1960; Osborn,
1963; Parnes, 1962). One of the best-knowa
techniques is the checklist procedure, in
which the individual considers each item on
a prepared list as a possible source of inno-
vation with respect to a given problem, Using
idea checklists in creative problem solving
would appear to be an intuitively valid means
of stimulating idea production: If one group
of individuals is given 2 list of general or
specific ideas relevant to a specified prcolem,
aud if a second group does not possess that
list, then the first group by definition is bet-
ter prepared to generate problem solutions.
Another procedure, morphological synthesis
(Allen, 1962), requires the thinker to list spe-
cific ideas for improving one aspect (or dimen-
sion) of a problem along one asix of a two-
dimensional diagram, and specific ideas for
another aspect of the problem along the other
axis; novel idea combinations are found in the
intersecting squares of the matrix. In practice,
three or more dimensions of a problem may be
considerazd when using the morphological syn-
thesis approach,

While these and other creative thinking
techniques have considerable appeal, they
rarely have been subjected to close examina-

tion under controlled laboratory conditions.
Nor is there an existing lirerature regarding
the comparative effectiveness of different cre-
ative thinking procedures.

The main purpose of the present series of

six experiments was to demonstrate that idea
checklists do, in fact, successfully increase
idea production. In all, five different, though
related, checklists were tested. After this
first and unexpectedly difficult task was
achieved, the productivity of Ss taught to use
a particularly effective idea checklist was
compa.ed with the productivity of Ss trained in
the morphological synthesis procedure. In ad-
dition, the authors examined the effects of
complexity of the problem object, verbal in-
structions (e.g., to "be original," "be wild"),
and first half vs, second half of the r.-oblem-
solving period upon idea quantity and quality.
College students, primarily juniors and sen-
iors, solved problems of a "product-improve-
ment" variety (Torrance, 1962, p. 230), which
required them to "think of changes or improve-
ments>' for a simple object, e.g., a door knob.
Although most experiments allowed a fixed 10-
or 20-minute problem-solving time, the final
study allowed Ss to work as long as they
wished,

This series of experiments, rather than be-
ing a "preplanned whole," evolved over a period
of approximately 2 years., The purpose, nature,
and design of a particular experiment were thus
affected not only by the preceding experiments,
but by our related developmental research.




EXPERIMENT |

Experiment I, in seeking to demonstrate that
available idea checklists do, in fact, stimulate
idea production, compared a Checklist Group
with a Control Group on a product-improvement
task. The specific checklist uscd {see Appen-
dix A) was comprised of 55 of Osborn's (1963)
"73 idea-spuiting questions." Using as prob-
lem opbjects a car, an office desk, or a kitchen
sink, it was predicted that Ss possessing the
checklist would produte a greater number of
ideas for changing or improving each object
than Ss who did not have the checklist, It also
was predicted that ideas produced by Ss in the
Checklist Group would be of higher quality than
ideas produced by Control Ss.

METHOD
Subjects

The Ss were 24 volunteers from under-
graduate educational psychology courses at
the University of Wisconsin who were randomly
assigned to either the Checklist Group (12 Ss)
or the Control Group (12 Ss).

Task and Procedure

The task was the same for both groups: The
Ss were asked to "list as many changes and/or
improvements as you can for a kitchen sink/
office desk/car," and were allowed 10 minutes
to respond to each of the three problem objects.
The order of presentation of the three objects
was determined by the rows of two 3 x 3 Latin
squares.

The 12 Ss in the Checklist Group were pro-
vided with the 55-item checklist (Appendix A)
and were instructed in how it might be used,
Both Checklist and Control Ss received instruc-
tions regarding the mechanics of their task,
such as using the score sheets, and the 10-
minute time limit for each problem.

Scoring and Dependent Measures

The seven dependent measures used were
(1) Mean number of responses given per 10-
minute session; (2) mean level of originality
(uniqueness), as rated on 9-point scales (1-9)
by two judges; (3) mean level of practicality
(usefulness), also rated by two judges on 9-
point scales; (4) mean number of original re-
spcnses (responses with ratings of “6" or |
higher on the originality scale by both judges);
(S) mean per cent original responses (original/
total); (6) mean number of "good" ideas (ideas
with ratings of "6" or higher on both the origi-
nality and practicality scales by both judges);
and (7) mean per cent "good" ideas ("good"/
total).

RESULTS AND DISCUSSION

Experimental data for all seven measures
are summarized in Table 1. An analysis of
variance on each of these measures showed
no significant differences in performance be-
tween the Checklist and Control Groups. The
object main effect did reach significance for
the response frequency measure, F (2, 80) =
18.27, p< .001. More responses were listed
for the car (18.04) than for the desk (15.02) or
for the sink (13.71).

Apparently the availability of the idea check-
list did not facilitate creative productivity in
the present tasks. In fact, Ss in the Control
Group produced noticeably (but not signifi-
cantly) more ideas than did Ss in the Check-
list Group, and these ideas were generally
rated as slightly more original. An informal
study of the responses suggested that most of
the Ss in the Checklisi Group largely ignored
the apparently not-too-helpful checklist of
ideas.,




Table 1

Summary of Experimental Data
(Exveriment I)

Dependent Checklist Control
Measure Group Group

fMean Number
Responses 13.81 18,81

*Qriginality
Ratings
(mean) 4,03 4,60

i racticality
Ratings
(mean) 6.55 6.29

Mean Number
Original _
Re:ponses 1,47 3.55

Per cent
Original 10.58 i8,73

Mean Number
"Good"
Responses .30 .30

Per cent
"Good" 2,39 1.54

* 9-point scales




EXPERIMENT I}

Since the results of Experiment I were clearly

negative (i.e., idea production in the product-
improvement task was not facilitated by the
availability of an idea checklist), the investi-
gators hypothesized that the results might have
been due to the high degree of comglexity of
the problem objects (car, desk, sink). Per-
haps less complex objects would elicit fewer
ready ideas for changes or improvements, and
Ss weuld thus be more likely tc draw ideas
from the checklist.

Experiment II, therefore, compared changes
and improvements listed for a simple problem
object (a cup) with those listed for a relatively
more complex object (kitchen sink). Other pro-
cedural variations were as follows: Ss in the
Checklist and Control Groups were allowed 20
minutes to work on a single problem. The 20-
minute period was divided into two 10-minute
periods, allowing a "first-half vs. second-
half" comparison of idea productivity. Also,

a third group of Ss was given the idea check-
list, with an explanation of its use, after the
first 10-minute thinking period.

METHOD
Subiects

The Ss were 42 undergraduate students from
the same population as in Experiment I.

Task and-Procedure

The task was essentially the same as in
Experiment I: Ss were to list as many changes
or improvement , as they could for either a cup
(simple object) or a kitchen sink (complex cb-
ject). Unlike Experiment I, Ss worked on just
one problem object, the cup cr the sink. The
total amount of probiem-svlving time was 20
minutes, which was divided into two 10-minute
sessions. The idea checklist was the same
as before (Appendix A).

There were three instructional conditions
with 14 Ss per condition: (1) In Checklist
Group A, the checklist procedure was intro-
duced at the beginning of the first session,
allowing Ss to refer to their idea checklist
during both 10-minute sessions. (2) In Check-
list Group B, the introduction and explanation
of the checklist technique was delayed until
the start of the second 10-minute session.

(3) The Ss in the Control Group were not pro-
vided with the idea checklist. Half of the
Ss in each group worked on the cup problem,
half worked on the sink.

The dependent measurss were the same as
in Experiment I.

RESULTS AND DISCUSSION

The results of Experiment II are summarized
in Tables 2 and 3. As in Experiment I, the
availability of the idea checklist again did not
noticeably stimulate idea production, even
with the simpler object, which elicited as
many ideas as did the compiex object, and
with the longer problem=-solving time. The
quantity and quality of ideas produced by Ss
1n the two Checklist Groups were neariy
identical to the performance of Ss in the Con-
trol Group.

Consistent with Parnes' (1961) research on
the effects of extended eifort in creative prob-
lem solving, originality ratings were signifi-
cantly higher for ideas produced in the second
10-minute session, F (1, 36) = 26.78,

p < .001, even though Ss generated signifi-
cantly fewer ideas in the second session,

F (1,36) = 27.14, p< .001. Also, Ss pro-
duced a considerably larger number of "good"
(original and practical) ideas for the cup than
for the kitchen sink, F (1, 36) = 15.18,
p < .001, This latter finding stems from the
fact that while originality ratings were about
equal for .he two objects, the cup elicited
ideas of higher rated praticality, and there-
fore a larger number of "good" ideas.

)
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Table 2

Summary of Experimental Data (Experiment II)

Dependent Checklist Checklist Control
Measure Group A Grovp B Group
Cup Sink Cup Sink Cup Sink

Mean Number

Responses 15.07 14,71 12,21 15.50 15.00 13.29
*Originality

Ratings

(mean) 5.92 5.44 5.11 4,77 4,88 6.01
*Practicality

Ratings

(mean) 5.79 4,96 6.01 5.26 5.99 4,35
Mean Number

Original

Responses 7.57 7.21 5.14 4,57 4,87 7.21
Per cent

Original 50.23 49.03 34,24 34.41 39.76 46,54
Mean Number

"Good"

Responses 2,21 .29 1.79 .57 .86 .36
Per cent

"Good" 14,69 1.94 14.61 3.68 5.71 2.68

*J~point scales
Table 3
Summary of Experimental Data (Experiment II)
Dependent
Measure Group A Group B Group C
Session Session Session Session Session Session
1 2 1 2 1 2

Mean Number

Responses 16.64 13.14 15.21 12.50 16,71 11.57
*Qriginality

Ratings

(mean) 5.41 5.94 4,61 5.28 4,96 5.94
*Practicality

Ratings

(mean) 5.49 5.26 5.82 5.44 S.. 4,79
Mean Number

Original

Responses 7.29 7.50 4,50 5.21 5.57 6.50
Per cent

Original 43,78 57.06 29,57 41,71 33.33 56.17
Mean Number

lIGoodll

Responses 1.29 1.21 1.36 1.00 .57 .64
Per cent

"Good" 7.72 9.24 8.92 8.00 3.42 5.56

*9-point scales
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EXPERIMENT tii

In Experiment II, as in Experiment I, the
Ss in the Checklist Groups appeared not to
make gcod use of the idea checklist. In re-
viewing the negative results obtained in both
Experiment I and Experiment II, the authors
speculated that perhaps the checklist items
were not specific enough in suggesting new
ideas. Perhaps a more detailed checklist
wculd better provide new ideas and idea com-
binations.

In Experiment III, therefore, the checklist
used in Experiments I and II was expanded
(see Appendix B): Osborn's Change Form be-
came New Form (square, triangle, oval, rec-
tangle, sharp corners, asymmetrical, dough-
nut shape, other forms?)., Osborn's Change
Color was elaborated to include many specific
(silver, gold, copper, bronze, brass, red,
purple, areen, white, black, grey, blue,
plaid, striped, polka-dotted, op-art, other
colors or patterns?), and so on. The basic
procedures and problems were the same as in
Experiment II.

METHOD
Subjects

Fourteen undergraduate students were
drawn from the same population as in Experi-
ments T and II. All Ss were in one experi-
mental group, the Checklist Group. The Con-
trol Group from Experiment II was used for
comparison purposes.,

Task and Procedure

The task and procedure were identical to
those of Experiment II: Ss were to list as
many changes and/or improvements as they
could for either a cup or a kitchen sink.

They worked on just one problem object, and
total problem-solving time was again 20 min-
utes, divided into two 10-minute sessions.

The Ss were explicitly instructed: “Don't
worry about being original or whether or not
you are stealing ideas (from the detailed
checklist). The goal is for you to use the
checklist and write down as many changes or
improvements as you can for the object, taking
your ideas from the checklist.”

Dependent measures were the same as
before.

RESULTS AND DISCUSSION

Data for the Checlklist Group of Experiment
III, along with the Control Group data of Ex-
periment IT, are summarized in Tables 4 and 5.
An analysis of variance on each of the seven
dependent measures showed no significant dif-
ferences hetween the Checklist Group and the
Control Group.

As in Experiment II, Ss produced signifi-
cantly fewer ideas in the second 10-minute
session than in the first, F (1, 24) = 22,26,

P < .001, and again the second-session ideas
were significantly higher in rated originality,
F (1,24) = 24.02, p< .00l. The session
effect markedly influenced practicality ratings
as well, F (1,24) = 21.38, p< .001, with
mean practicality decreasing from Session 1
to Session 2. These effects are essentially
the same as those found in Experiment II, for
as S continues to respond, his later sugges-
tions tend to be more original but less practi-
cal in nature.

Just one difference between problem objects
reached significance: Sink received higher
scores along the originelity scale than did cup,
F(1,24) = 5.61, p<.o05.
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Table 4
Summary of Experimental Data (Experiment III)

Dependent Experiment II
Measure Experiment III (Control Group C)
Cup Sink Cup Sink

Mean Number,

Responses 19.57 14,57 15.00 13.29
*Qriginality

Ratings

(mean) 5.66 5.92 4,88 6.01
*Practicality

Ratings

(mean) 4,73 5.61 5.99 4,35
Mean Number

Original

Responses 8.50 6.50 4,87 7.2}
Per cent

Original 43.43 44,61 39.76 46,54
Mean Number

uGoodn

Responses .50 1.29 .86 .36
Per cent

"Good" 2.55 8.82 5.71 2.68

9-point scales
Table 5
Summary of Experimental Data (Experiment IIT)
Dependent Experiment II
Measure Experiment III (Control Group C)

Mean Number
Responses

*Qriginality
Ratings
(mean)

*Practicality
Ratings
(mean)

Mean Number
Original
Responses

Per cent
Original

Mean Number
"Good"
Responses

Per cent
"Good"

ession Session 2

5.52

7.00

37.84

1.00

5.41

15.64

6.06

4,98

7.86

50.23

.79

5.02

Session 1 Sessicn 1

16.71 11,57
4,96 $.94
5.55 4,79
5.57 5.50
33.33 56,17
.57 .04
3.42 5.56

*9-point scales
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EXPERIMENT iV

The purpose of Experiment IV was to evaiuate
any effects of still another idea checklist upon
idea production (a) with problem objects of
varying complexity and (b) under different in-
structional sets. This checklist (see Appendix
C), a further extension and revision of Osborn's
(1963) original list, was taken from a creative
thinking program {Davis & Foutman, 1968) de-
veloped for junior high school students.

Experiment 1I showed no significant effects
of object complexity upon total numbar of ideas
produced, although significantly more improve-
ments for the simple object (cup) were rated as
"good" (both original and practical) than for
the more complex object (kitchen sink). In the
present experiment, five levals of complexity
were used to better clarify any independent or
interactive effects of object complexity upon
idea production.

Regarding the instructional variable, earlier
experiments with an unusual uses test (Davis
& Manske, 1966; Manske & Davis, 1968), in
which Ss listed uses for common objects,
showed that such simple instructional sets as
"be original," "be practical,” or "ke wild,"
significantly influenced the number and quality
of ideas produced. Five types of instructions
therefore were ircluded in Experiment IV to
assesc the effects of instructions in a product-
improvement kind of test. The experimental
design allowed the authors to examine any in-
teractions of checklist availabilii; {presence-
absence) with type of instructions or with ob~
ject complexity,

METHOD
Subjects

Fifteen Control and 21 Checklist Ss were
recruited from introductory educational psy-
chology courses. To create equally sized
groups, 6 Ss were randomly discarded from the
Checklist Group.

Task and Procedure

cach of the 30 Ss listed as many changes
or improvementc as he could for each of five
problem objects, with 10 minutes allowed for
each object, The five objects, in increasing
order of judged complexity, were & thumb tack,
a door knob, scissors, pop-up toaster, and
kitchen sink,

In addition to "List as many changes as you
can for a ," instructions printed
at the top of four of his five answer sheets
asked S either to "try to be original," "try to
be practical," "try to be both original and
practical,” or "fecl free to use your wildest
imagaination." On the remaining score sheet,
no specific directions were given beyond the
instructions to list changes for the particular
object,

The presentation orders of the five problem
objects in combination with the five instruc-
tional conditions were determined by the tows
of a § x 5 Graeco-Latin square, with objects
represented by Latin letters and instructions
by Greek letters,

The 15 Ss in the Checklist Group were pro-
vided with the highly detailed checklist shown
in Appendix C. They also received an explana-
tion of how this checklist might be used to
change or improve a product, The Ss in both
groubs were given instructions concerning the
nature of the five tasks, the use of the score
sheets, time limits, and the meaning of the
specific irnstructions to "be original, " etc.

RESULTS AND DISCUSSION

Table 6 shows the mean number of ideas
produced by Ss in the Checklist and Ccntrol
Groups for each problem object and under each
set of instructions. An analysis of variance
on these data indicated once again that a long,
detailed checklist would not facilitate idea
production with college students, F < 1.0.
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Table 6

Mean Number of Ideas Produced as a Function of CGroups
(Experimental-Control), Prot:lem Objects, and Instructions
(Experiment IV)

Group Group
Instructions Checklist Control Mean Problem Object Checklist Control Mean
"Be original" 16.1 21.3 18.7 Thumbtack 18.9 20.3 19.6
"Be practical” 16.3 18.2 17.2 Docr Knob 16.6 23.S 20.25
"B§e°;irii;‘t2i:{,‘,d 15.8 16.5  16.2 | Scissors 14.9 16.4  15.6
"Be wild" 17.4 19.5 18.4 H Pop-up Toaster 15.2 15.0 15.1
(None) 18.1 25.2 21.6 Fl Kitchen Sink 18.4 25.2 21.8
Means 16.7 20.5 18.6 16.7 20.5 18.6

The object complexity main effect also did
not reach significance, F < 1.0, nor did the
variable interact with the checklist availa-
bility factor, F (4,96) = 1.35, n.s.

While the instructions variable approached
statistical significance, F (4,96) = 2,51,

.05 <p< .10, the data do not exactly dupli-
cate those of the earlier experiments with an
unusual uses test (Davis & Manske, 1966;
Manske & Davis, 1968). As before, instruc-
tions to "be practical and be original" placed
the most cunstraints upon Ss, resulting in the
fewest responses. However, in the earlier
experiments, the largest numbers of ideas
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were produced by instructions to "be practical"
(which produced large numbers of extremely
common uses) or tc "be wild." In this experi-
ment, the greatest number of responses was
produced under no specific instructions (see
Table 6).

Since the analysis of the idea frequency
measure was not fruitful, pariicularly with re-
gard to the important checklist availability
variable, further investment of time and facili-
ties in evaluating the criginality and practical-
ity of ideas generated in Experiment IV was
judged unwarranted and anprofitable.
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EXPERIMENT V

I'he upshot of the four previous experimenis
is that college students clearly resist drawing
ideas from a checklist when they are capable
of generating their "own" ideas. Apparently
the detailed checklists used in these experi-
ments do not fully challenge the capabilities
of college students.

Experiment V, in a further investigation of
the checklist procedure, tested il.e effective-
ness of a brief, seven-item checklist contain-
ing only general categories of problem solutions
(see Table 7). This checklist, in fact, is com-
prised only of the section headings of the
checklist taken from Davis and Houtman (1968;
Appendix C), i.e., the very long checklist
wlich was unsuccessfully tested in Experiment
IV. The present authors predicted that the
brief checklist would better stimulate and mo-
tivate the associative capabilities of college
students.

METHOD
Subjects

The 16 Ss again were volunteers from an un-
dergraduate educational psychology course at
the University of Wiscensin,

Task and Procedure

The seven Ss in the Checklist Grou~ and the
nine subjects in the Control Group were allowed
10 minutes to list physical changes for each of
two problem objects, a thumb tack and a kitchen
sink. Both groups were instructed to "Use your
imagination. Do not hesitate listing ideas
which seem wild or unusual to you."

The subjects in the Checklist Group re-
ceived a brief checklist, entitled "Aids in
Thinking of Physical Changes" (Table 7), and
a brief expianation of the meaning of the check-

list items and how these items could be ap-
plied to changing or improving practically any
object.

Table 7

Brief Checklist
(Experiment V)

"Aids in Thinking of Physical Changes"

Add and/or subtract something
Change color

Change the materials

Change by rearranging the parts
Change shape

Change size

Change design or style

All Ss were provided with a two-page score-
sheet containing 37 blanks for each of their
two problems, with a recommendation to use
the back of the sheets if they ran out of blanks.
The instructions at the top of the scoresheet
simply read, "List as many physical changes
as you can for a thumb tack /kitchen sink."

The dependent measures were (1) total number
of ideas listed, (2) mean ratings on a seven-
point "creativity" scale by two judges, (3) num-
ber of ideas rated above the midpoint ("4") on
the creativity scale, and (4) per cent of ideas
rated above the midpoint of the sc¢ale.

RESULTS AND DISCUSSION

All experimental data, along with the re-
suits of statistical tests (Mann-Whitney U;
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Winer, 1962), are summarized in Table 8.
First, Ss in the Checklist Group nroduced no
fewer than two and one--half times the number
of ideas generated by subjects in the Control
Group. Second, while the mean "creativity"
ratings were not especially high for either
group, those ideas produced by the Checklist
Group were judged as generally more "creative"
than were ideas produced by Control subjects.,
Third, compared with Ss in the Control Group,
Ss in the Checklist Group produced almost five
times as many ideas rated above the midpoint

Table 8

of the seven-point creativity scale, a finding
which is further reflected in the higher percent-
age of ideas rated above the scale midpoint for
the Checklist Ss.

The outcome oif Experiment V is very clear.
The Control Group produced about the same
number and quality of ideas produced by the
Checklist and Control subjects in the four
earlier experiments. In contrast, the present
Checklist Group, provided only with the seven-
item checklist, generated a strikingly large
number of comparatively more " creative" ideas.

Summary of Dependent Measures
(Experiment V)

Treatment
Dependent Measures Checklist Control U p.<
n=7) n=29)
Thumb Tack 38.14 17.11 1 .001
Mean
No. of Kitchen Sink 44,29 16.44 3 .001
Ideas Average 41.21 16.78 1 .00l
*Mean Thumb Tack 3.53 3.13 13 .05
Creativity Kitchen Sink 3.47 3.07 7 .001
Rating Average 3.50 3.10 12 ,025
Mean No. Thumb Tack 12,00 2.22 4 .01
Ideas Above Kitchen Sink 8.68 2.22 8 .01
Midpoint Average 10.43 2,22 3 .001
9 2]
Per cent Thumb Tack 31.5 12.9 10 .025
Ideas Above Kitchen Sink 20,0 13.5 18 NS
Midpoint Average 25.3 13.2 13 .05

* 7-point scale
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EXPERIMENT VI

In the final experiment in this series, the
authors sought to replicate the results of Ex-
periment V, which showed that the short, seven-
item checklist very effectively stimulated idea
production, plus examine the effectiveness of
another creative thinking procedure, the morpho-
logical synthesis method (Allen, 1962). This
latter procedure requires tae thinker to list
specific ideas for improving one aspect (or di-
mension) of a problem along one axis of a two--
dimensional diagram, and specific ideas for
another aspect of the problem along the other
axis; novcl idea combinations are found in the
intersecting squares of the matrix. For ex-
ample, the problem of "inventing new kinds of
vehicles" could be approached by creating a

Bicyclea

Cars
Busses
Trucks
Boats

2
&

Trains

E
&

matrix with ideas for vehicle bodies listed
along one axis and ideas for power sources
listed along the other axis; some of the large
number of idea combinations could be valuable.
Fxperiment VI included an important proce-
dural change. Instead of allowing a fixed 10-
or 20-minute problem-solving period as in Ex-
periments I to V, Ss in Experiment VI were self-
paced. Much has been written regarding the
disrupting effects of time pressure upon the
natural flow of creative behavior (Wallach &

1
In practice, one may consider three or more
dimensions of a problem when using the mor-
phologicel synthesis procedure.

Venicle

Small Collapsible
Auto

Altrplanes
Grocery carts
Helicopters
Flying Saucer
Tin-Can Shaped
Subble Shaped
Very Small Auto

Gae Motor

Pedale

Underground Vacuum
Tube

Dieeel

Gag-Turbine

Electric - Sun
Power

Electric - Catch
Radid> Waves

Stesm

Saile

Atomic

Propellere

Ocean Tides and
Currente

Crevity

Fig. 1.

Example of a Morphological Synthesis

(from Davis & Houtman, 1968).
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Kogan, 1965) and the improvement in idea
quality with extended effort (Oshorn, 1963;
Parnes, 1961). It seemed reasonable, there-
fore, to investigate the effects of unlimited
time upon idea generation, using the two dif-
ferent problem-solving techniques.,

METHOD
Subjects

The S5 were 30 undergraduate educational
psychology students at the University of Wis-
consin,

Task and Procedure

Four training conditions, with 7 or 8 Ss ran-
domly assigned to each group, were incorpor-
ated: Ss in the Long Checklist Group were in-
structed in the use of Osborn's (1963) "73 idea-
spurring questions" (see Appendix D) and were
provided with a copy of this checklist; a sec-
ond group of Ss (Short Checklist Group) used
the 7-item checklist described in Experiment V;
a third group (the Morphological Synthesis
Croup) received instruction in the use of Allen's
morphological synthesis technique; and the
fourth group (Control Group) consisted of un-
trained Ss. Verbal instructions advised Ss that
they would be asked to think of :deas for « chang-
ing and improving a particular obiect and that
unlimited time was available to work on the
problem (30 minutes was suggested, but not
required as a minimum). All S§s worked on the
Door Knob Improvement problem.

Eight dependent measures were available:

(1) Time spent working, (2) total number of
ideas produced, (3) number of ideas per minute,
(4) mean idea "originality" (uniqueness) as
rated by two judges, (5) mean " practicality"
(usefulness or feasibility) as rated by two
judges, 2 (6) number of ideas rated in the upper
half of the "originality" scale by both judges,
(7) number of ideas rated in the upper half of
the "pr cticality" scale by both judges, and
(8) number of ideas rated above the scale mid-
point on both "originality" and " practicality"
by both judges.

ZA 10-point decile ranking system was used,
described in detail in Warren & Davis (1969a,
b) .
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RESULTS

Mean group performance scores for all eight
dependent measures are summarized in Table 9.
For measures showing a p < .05, subsequent
Newman-Kuels tests (Winer, 1962) were used
to determine significant pairwise differences.

The Ss in the Short Checklist Group tended
to work longer on the problem than Ss in the
Morphological Synthesis Group who, in turn,
spent more time than Ss in the Long Checklist
Group or Control Group. While these results
tend to support the results of Experiment v,
which showed the short checklist to be in-
trinsically motivating, the overal] F did not
reach acceptable levels of statistical signifi-
cance.

With the idea frequency measure, Ss in the
Morphological Synthesis Group produced a sig-
nificantly larger number of ideas than did Ss
in the Control or Long Checklist Groups. While
Ss in the Short Checklist Group produced roughly
double the number of ideas generated by Ss in
the Long \Checklist or Control Groups, these
pairwise differences did not reach statistical
significance.

The derived measure of ideas-per-minute
showed that Ss with instructions in the morpho-
logical synthe51s procedure dicd indeed produce
ideas significantly faster than Ss under any of
the other training conditions. The Ss in the
Short Checklist Group produced ideas faster
than Ss in either the Control or Long Checklist
Groups, but these latter differences were not
significant,

There appeared to be no marked differences
among the four groups on rated "originality" or
“practicality." However, Table 9 shows that
the mean number of ideas above the scale mid-
point in (1) originality, (2) practicality, and
(3) both practicality and originality reflected
about the same performance as did the total
idea frequency measure,

DISCUSSION

The favorable results with the Morphological
Synthesis Group support earlier claims of its
eifectiveness in producing large quantities of
ideas, The Ss trained in this forced-combina-
tions procedure generated the greatest total
number of ideas in less than the greatest a-
mount of time, reflecting the finding that these
Ss produced more ideas per minute than any
other group. While these ideas were not of
generally lower quality, which was expected
since "morphologized" ideas normally are me-
chanical permutations of basically fewer ideas,
it may be that Ss in this study did not list the




Table 9

Summary of Dependent Measures
(Experiment VI)

Morphological Short Long

Measure Synthesis Checklist  Checklist  Control *F p<
(1) Mean S-Determined

Working Time (Min.) 65.63 70.00 63.13 51.43 1.80
(2) Mean No. Ideas 75.50 55.71 7.88 31.14 5.40 .005
(3) Mean No. Ideas per

Minute 1.20 .8G0 .441 .591 4,06 .02
(4) Mean "Originality*

Rating 5.81 5.71 6.17 5.67 0.47
(5) Mean "Practicality"

Rating 4,19 4,74 4,07 4,54 1.57

(6) Mean No. Ideas
Above Scale Midpoint
in Originality 20.13 13.71 7.38 9.29 3.08 .05

(7) Mean No. Ideas

Above Scale Midpoint

in Practicality 43.00 26,14 17.00 16.14 6.84 . 002
(8) Mean No. Ideas

Above Scale Midpoint

in Originality and

Practicality 9.00 5.14 3.00 2.86 2.39 .10
* df = 3,26 r
truly "silly" combinations or else our quality original and practical) ideas. The proportion
measures were simply insensitive to true dif- of high quality ideas, however, was constant
ferences, across all four groups (Tabie 10).

Experiment VI provides support for Osborn's Finally, this experiment essentially repli-
(1963) recommendation that idea quantity leads cated the major results of Experiment V. The
to quality. Those Ss producing the greatest Ss provided with the short, seven-item check-
total number of ideas (Morphological Synthesis list worked longer and produced more total and
and Short Checklist Groups) also produced the more high quality ideas than Ss in the Long
greatest frequency of high-quality (original, Checklist or Control Groups.

Table 10
Proportion of High Quality Ideas (Experiment VI)
Morphological Short Long
Measure Synthesis Checklist Checklist Control
Lproportion Original 267 .336 . 265 298
2Proportion Original
and Practical 119 .092 .108 .092

1. Number of ideas above scale midpoint in "originality" divided by total number of ideas.
2. Number of ideas above scale midpcints in both "originality" and "practicality" divided by
total number of ideas.
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GENERAL DISCUSSION

In spite of the great appeal of the clL.eck=-
list technique, the results of the present six
axperiments suggest several qualificaticns
and precautions. The nature of the problem,
the thinkers, and the particular idea checklist
must be coordinated. With college students,
solutions for simple product-improvement tasks,
regardless of duration of probiem-solving time
or object complexity, are nct facilitated by
the availability of lengthy, detailed check-
lists which almost give the students ideas if
only they will transfer these ideas to the score
sheet. In these studies, college students
were successfully stimulated only by our
brief, seven-item list of "aids in thinking of
physical changes." By providing a few gen-
eral categories of problem solutions, this
short checklist stimulates a large number of
specific ideas by allowing Ss to think in their
"own" familiar and fluent fashion.

It was perhaps surprising that Ss provided
with Osborn's (1963) 73 "idea-spurring ques—
tions" performed no better than untrained con-
trol Ss (Experiment VI). Since this negative
finding replicates the results of Experiments
I and II (which tested a very slightly modified
version of Osborn's list against no training at
all), it would seem that his list is either better
suited for problems other than our product-
improvement tasks or else Ss simply cannot
learn to use it effectively in a short period of
time.

Based upon idea frequency measures, the
morphological synthesis procedure (Experiment
VI) would appear to be the most effective tech-
nique exa:wined in these studies. Such a con-
clusion may be misleading, however, since the
larger number of ideas produced by Ss in the
Morphological Synthesis Group was likely a
product of permuting basically fewer ideas
(which, of course, was precisely what these
Ss were trained to do).

Objeut complexity per se did not appear to
be an important factor in the present tasks.
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While various problem okjects differed sig-
nificantly in the number of ideas elicited (Ex-
periments I and V), these differences were not
clearly related 1o judged object complexity
(Experiments II and V). In Experiment II, for
example, £s produced as many ideas for a cup
as for the more complex kitchen sink. How-
ever, it seems very possible that in other
problem situations, perhaps given unlimited
time and strong motiveation, more complex
stimulus objects (perhaps interpreted as com-
binations of simpler objects) may very well
stimulate greater numbers of ideas.
Experiment II showed that ideas produced
in the last half of the 20-minute period were
significantly more original than ideas produced
in the first half, This finding is consistent
with eariier studies, using the unusual use
test, which showed moderate but highly sig-
nificant correlations between order of emission
and rated idea originality (Manske & Davis,
1968). In complete agreement with Parnes'
(1961) conclusions regarding the increase in
idea quality with extended effort, these find-
ings also are quite in accord with traditional
habit-hierarchy interpretations of huiman prob-
lem solving and thinking (see Davis. 1966).
The results of verbal instructions, e.qg.,
to "be original" or "be wila" (Experiment IV)
in the present product improvement tasks only
partially replicated earlier lakoratory research
with the unusual uses test (Manske & Davis,
1968). As before, fewest ideas were produced
under the most constraining instructions, i.e.,
when Ss were asked to "be original and be
practical." It is quite possible that the vari-
ous sets of instructions influence perform-
ance differently in the two tasks. In the ear-
lier study, for example, the greatest number
of "unusual uses" was produced by Ss who,
when instructed to "be practical," itemized
long lists of very common (but quite practical)
ideas. In the present Experiment IV, the
greatest numbers of "product improvements"
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were gencrated when $s were under no instruc-
tional constraints (see Table 6).

As a final note, the authors elsewhere have
proposed that creativity profitably may be con-
ceptualized.as consisting of three trainable com-
ponents, (1) appropriate attitudes which predis-
pose an individual to deliberately seek imagina-
tive problem solutions, (2) various cognitive
abilities which facilitate whatever mental ab-
stracting, perceiving, associating, and combin-
ing contribute to the flow of original ideas, and
(3) techniques for the conscious and systematic

production of new combinations of ideas (Davis,
1969; Davis, Houtman, Warren, & Roweton,
1969). To be suitable for a given problem, how-
ever, a particular idea-finding technique also
must stimulate and challenge the associative
capabilities of the specific thinkers. Though
these techniques reasonably should be consid-
ered a supplement, not a replacement, for na-
tural ingenuiiy, the present experiments clearly
support the feasibility of increasing creative
output by teaching deliberate methods of gen-
erating nev combinations of ideas.
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APPENDIX A
FIFTY-FiVE ITEM VERSION OF OSBORN’S
‘13 IDEA-SPURRING QUEST;ONS*’
(Experiments | and )

MODIFY? SUBSTITUTE?

New twist?

Change color, motion, scund,
odcr, form, shape?

Other changes ?

MAGNIFY ?

What to add ?
Greater frequency ?
Stronger ?
Higher?

Larger?

Longer?
Thicker?

Extra value?
Plus ingredient?
Duplicate?
Multiply ?
Exaggerate ?

MINIFY?

What to subtract?
Smaller?
Condensed ?
Lower?
Shorter ?
Lighter?
Omit?

Split up?
Eliminate ?
Divide?
Slower ?

What else instead?
Other ingredient?
Other material ?
Other power?

REARRANGE?

Other layout?
Interchange con:ponents ?
Other pattern?

Other sequence?

REVERSE?

How about opposites ?
Turn it backward ?
Upside down?

Inside out ?

COMBINE?

How about a blend ?
An assortment ?
Combine purposes?
Combine units?
Combine appeals ?




APPENDIX B
LONG CHECKLIST
(Experiment ill)

NEW FORM? ADD OR SUBTRACT SOMETHING?
Square, triangle, oval, rectangle, sharp Longer, shorter, stronger, exaggerate
corners, round corners, asymmetrical, something, thicker, thinner, duplicate, ’
doughnut shape, other forms? eliminate, divide, make lighter, abbre-

viate, add new do-dad, add new odor,

new socund, etc.
CHANGE COILOR?

Silver, gold, copper, bronze, brass, red, REARRANGE?

purple, green, white, black, grey, blue,

plaid, striped, polka-dots, op art, other Interchange components, other pattern,

colors or patterns ? other sequence of operation, split up,
turn it backward, upside down, inside
out, etc.

NEW MATERIAL?

Plastic, fiberglass, formica, paper, wood, NEW COMBINATION ?
aluminum, steel, glass, leather, copper,
other material? Combine units, combine purposes, com-
bine appeais, new assortment, new blend,
etc,
NEW SIZE?

Longer, wider, fatter, thinner, higher,
lower, larger, smaller, shorter, etc.
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APPEM"IX C
LONG CHECKLiST FROM DAVIS AND HOUTMAN (i968)
(Experiment 1V)

CHANGE COLOR?

SOMETHING ?
Blue Round rom Other Countries ? 3
X 1
Green Sq.uare Make Stronger Oriental design
Yellow Triangle Make Faster . .
Swedish design
Orange Oval Exaggerate . . .
. Mexican design
Red Rectangle Scmething French desian
Purple 5-Sided Duplicate Pfskimo desig N
White 6-Sided Something Ruseian desinn
Black g-Sided Remove Am;rir*;n desgi 0 |
Olive Green 10-Sided Something creoan ool |
) o s Indian design
Grey Lop-Sided Divide . .
—~ . Eayptian design
Brown Sharp Corners Make Lighter Sparish desian
Tan Round Corners Abbreviate pan g
Silver Egg-Shaped Add New Do-Dad ‘
Gold Doughnut- Add New Smell From Qther Time? 3
Copper ) S?aped ) New S9und Ol1d West
Brass U" Shaped New Lights Roaring Twenties
Plaid Qther Shapes? New Flavor 9
: Past Century
Striped New Beep Beep
X . . Next Century
Polka-dotted New Jingle Middle Ages
Flowers NEW MATERIAL ? Jingle : 9
= Cave Man
Speckles Subtract The Pioneer
Paisley Plastic Thing That
Pop Art Giass Doesn't Do
Other Colors? Fiberglass Anything From Other Styles ?
Color Formica s
Combination? Paper Il:;st?rifk
Other Patterns ? Wood REARRANGE THINGS? N .
: ther Weirdos
Aluminum Ivy Leaque
Nylon Switch Parts Sez:ret 1?. ent
NEW SIZE? Cloth Change Pattern gen
. Elves and Fairies
Gunny Sack Combine Parts
Clown
Longer (Burlap) Other Order of Football Uniform
Shorter Cardboard Operation
Wider Steel Split Up
Fatter Leather Turn Backward
Thinner Copper Upside Down
Thicker Rubber Inside Out
Higher Other Combine Purposes
Lower Material ? Other Switcheroo ?
Larger Combination
Smaller of These
Jumbo Materials ?
Miniature

Other Size?

CHANGE SHAPE?

ADD OR SYBTRACY

NEW DESIGN ?




APPENDIX D
OSBORN’S ‘73 IDEA-SPURRING QUESTIONS'’
(Experiment V1)

PUT TO OTHER USES?

New ways to use as is ? Other uses if modified?

ADAPT?
What else is like this? What other idea does this suggest? Dces
past offer parallel? What could I copy? Whom could I emnulate ?
MODIFY?
New twist? Change meaning, color, motion, sound, odor, form,
shape? Other changes?
MAGNIFY ?

What to add? More time? Greater frequency? Stronger? Higher?
Ionger? Thicker? Extra value? Plus ingredient? Duplicate?
Multiply? Exaggerate?

MINIFY ?
What to subtract? Smaller? Condensed? Miniature? Lower?
Shorter? Lighter? Omit? Streamline? Spiit up? Understate?

SUBSTITUTE?

Who else instead? What else instead? Other ingredient? Other
material? Other process? Other power? Other place? Other
approach? Other tone of voice?

REARRANGE?

Interchange componenis ? Other pattern? Other layout? Other se~-
quence? Transpose cause and effect? Change pace? Change schedule?

REVERSE

Transpose positive and negative? How about opposites ? Turn it back-
ward? Turn it upside down? Reverseroles? Change shoes? Turn
tables ? Turn other cheek ?

COMBINE?

How about a blend, an alloy, an assortment, an ensemble? Combine
units ? Combine purposes? Combine appeals? Combine ideas?
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