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ABSTRACT: A classical test for accessing the potential
creativity of an individual is based on ideational flu-
ency, where a person is asked to generate all possible
uses for a familiar item like a piece of paper. In scoring
the results, it is intuitive that the suggested uses should
not be weighted equally. Those suggested in radically
different categories are “worth more” than those sug-
gested within the same category only. We used informa-
tion theory to derive a simple mathematical expression
for a more objective measure of ideational fluency. We
call this the creativity quotient (CQ). This innovative
measure was examined using a small sample of partici-
pants, and is illustrated by the responses of two typical
individuals from an ideational fluency task. The CQ ac-
counts for the number of ideas (fluency), plus the num-
ber of categories (flexibility). Ongoing research will ex-
amine the independence of CQ from established
measures of intelligence and personality.

Ultimately the only proven test for creativity is the cre-
ation itself, although there have been many suggested
indicators. One indicator is provided by ideational flu-
ency. Here a person is asked to suggest all possible uses
for a familiar item, such as a piece of paper. A number
of authors have considered this since its origins in 1924
(Bryan & Luszcz, 2000; Carroll, 1993; Cattell, 1943;
French, Ekstrom, & Price, 1963; Getzels & Jackson,
1962; Guilford, 1959; Hocevar, 1979: Kaufman, 1981;
Obonsawin et al.,, 2002; Runco & Mraz, 1992;
Thurstone, 1924; Turner, 1999; Ward, 1969).

A long-standing problem with ideational fluency is
how to determine an objective evaluation of the re-
sponses (Getzels & Jackson, 1962; Guilford, 1959;
Hocevar, 1979; Kaufman, 1981; Obonsawin et al.,
2002; Runco & Mraz, 1992; Ward, 1969). As Guilford
(1959) and others (e.g., Getzels & Jackson, 1962)
noted, the development of scoring procedures for tests
of creativity presents unusual problems. It is intuitive
that the suggested uses should not be weighted equally,
as is often done (e.g., Bryan & Luszcz, 2000:;
Obonsawin et al., 2002). In particular, those uses of-
fered in distinctly different categories should be
weighted more than those that fall in the same category
(Getzels & Jackson, 1962; Guilford, 1959).

For example, after first suggesting writing, the three
suggested additional uses scribbling, printing, and
drawing should intuitively be weighted less than the
three: make a funnel, cut paper dolls, use as insulation.
The first three fall in the same category of surface
marking whereas the second three fall into three dis-
tinctly different categories. A fundamental approach is
needed that places these observations on a more solid
theoretical ground.
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We use information theory (Shannon & Weaver,
1949) to derive a more objective measure for ideational
fluency. This leads to a “creativity” quotient CQ which
accounts for the number of ideas (fluency) and the
number of distinct categories the ideas fall into (flexi-
bility). CQ can be represented in a number of equiva-
lent ways, the most easily interpreted is given approxi-
mately as

CQ=N+12m+1/3n+1/dng... (1)

where N¢ is the number of distinctly different catego-
ries suggested for a familiar item, say a piece of paper;
ny is the number of distinctly different categories for
which at least two suggested uses were given; n3 is the
number of different categories for which at least three
suggested uses were given and so on (see Appendix A
for an expanded explication).

In other words, the first answer offered in a particu-
lar category increases the creativity quotient (CQ) by
1, whereas the second answer offered in that same cate-
gory increases CQ by only 1/2, the third by 1/3, the
fourth by 1/4 and so on.

For example, seven uses advanced in a single cate-
gory is shown from eq(1) to have a CQ of only = 3. This
is because N, and n> through to n7 have a value of 1
with all other ns equal to zero.

Seven uses, each in a different category results in
CQ =7. This is because N, = 7, with all the ns equal to
zero in Equation 1.

Method

Participants

Participants (N = 25) were presented with a measure
based on Guilford and Christensen’s(1956; see also
Carroll, 1993) construct of Ideational Fluency (see,
French, Ekstrom, & Price, 1963, for a full description
of the task structure).

Task Description and Testing Procedure

To ensure that the task was relatively independent of
learning, an item that could be assumed to be familiar
to all was selected, in this case a piece of paper. The
task requirement followed the procedure of French et
al. (1963) and requested participants to list as many

uses for the piece of paper as possible within a 5-min
period. This period was determined from a previous
study where, after 5 min, most people appeared to have
run out of new ideas. At the end of the test session vol-
unteers were debriefed on the nature of the experiment
and thanked for participating.

Mathematical Procedure

Heuristic derivation of CQ. We here provide a
heuristic derivation of the CQ. The derivation is
conceptually similar to that used to determine the in-
formation capacity of vertebrate and invertebrate eyes
(Snyder, Bossamaier, & Hughes, 1986; Snyder,
Laughlin, & Stavanga, 1977).

To do this we were motivated by an appealing defi-
nition of creativity: the ability to link seemingly
disparate ideas into a novel synthesis. The potential to
achieve such a novel synthesis is increased by having a
reservoir of distinctly different ideas about something
plus a number of subtle ways to express each of these
ideas.

From this reasoning, an objective measure of poten-
tial creativity is the number of possible combinations
of uses for a familiar item. To see what we mean by the
number of possible combinations, consider the exam-
ple of uses of a piece of paper. Suppose that there are
only three distinct categories suggested, say surface
marking, utensils, and toys.

Now the number of possible combinations for uses
of paper found by taking uses from each category leads
to (1 + uy) (1 + up) (1 + uz), where uy, 1z, u3 are respec-
tively the number of uses offered in each of the three
categories respectively. When no answer is given in
Category I, then u; = 0.

Generalizing to the situation when the number of
categories N is arbitrary, then the number of possible
combinations of uses for a piece of paper are given by
(1 +up) (1 +wuw) (1 +uz) ... (1 + u), where u, is the
number of uses offered in Category c.

Now, because the number of combinations is usu-
ally large and because the information of each category
should be additive, it is traditional in information the-
ory to take the logarithm base 2 of the number of com-
binations. This leads to the information capacity of a
person’s responses, or what we call the CQ, where

CQ=logm {(1+u) (Il +u)...(L+u)}t (2
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We are reminded that u1, u», us, uc are respectively
the number of uses offered in categories 1, 2, 3, and c.
This expression for CQ has a simple interpretation. For
example, if all suggested uses fall into one category,
say category 1, then only u; is nonzero, so CQ =log; (1
+uy). If they each fall into one of N, distinctly different
categories, then all the us in Equation 2 are equal to 1
and CQ = log, (2N¢) = N,

Therefore, if there are 15 different uses suggested,
but all in one category, then CQ =log, (16) = 4. If, at
the other extreme, they are each in a different category,
then CQ = 15. Thus, subtle variations of uses within the
same theme are weighted less than those that fall into
distinctly different themes.

Because log base two is not often available, it is
convenient to convert to the natural logarithm. Recall
that log to any base x is related to log by the relation

logs A = logx A/log, 2 = 1.44 InA (3)
where In is the natural logarithm.

Alternative expression for CQ. Equation 2 is
the most convenient for calculating CQ scores, but it is
not the best for imparting an intuitive understanding.
To do this, we rewrite Equation 2 as

CQ = NC + no ]ng 3/2 + n3 IOgQ 4/3,
+njloga (1 + j)/j 4)

where N, is the number of distinctly different catego-
ries suggested for a familiar item, say a piece of paper,
ny is the number of distinctly different categories for
which at least two suggested uses were given, n3 is the
number of different categories for which at least three
suggested uses were given and so on. This leads from
Equation 3 to

H=N.+ 58+ .41 na+ .32 n4+.26 ns + .22 ng
+.19n7 ...+ 1.44n51In (1 +)j (5

We can use the approximation, 1.44 In(1 + j)/j ~
1.44/j, which is less than 6% in error for j > 7, becom-
ing more accurate for larger values of j. Equation 1 pro-
vides a useful approximation of Equation 5.

This last expression, or equivalently Equation 1, im-
parts an intuitive understanding of the CQ given by
Equation 2. For example, it clearly shows that the first
answer offered in a particular category increases the

CQ by 1, whereas the second answer offered in that
same category increases CQ by only .58, the third by
41, the fourth .32, and so on.

Designating the categories. To calculate the
score CQ for ideational fluency, it is necessary to first
partition all the responses into different categories.
This is itself a subject of intense theoretical interest
(Cattell, 1943; Rosch, 1988; Thurstone, 1924). In fact,
the use of so-called ‘Roscherian’ categories provides a
very convenient way of distinguishing between the
various ideas generated by individuals.

The absolute magnitude of the score CQ will be
directly dependent on the number of categories cho-
sen. For example, the more narrow or finely grained
the categories, the greater the potential absolute CQ
score, and the more nearly the CQ score approaches
the total number of ideas (fluency). This is because
there is one idea per category. On the other hand,
with too few categories, flexibility is devalued and
the CQ score is low. However, a judicious choice of
categories leads to a meaningful normalization for
CQ. Accordingly, the maximum score CQ is normal-
ized to a particular predetermined set of categories in
this first step towards defining a metric for ideational
fluency.

Results

Examples: Uses of a Piece of Paper

We asked a number of participants to suggest all
possible uses for a piece of paper. The results for two of
these participants are provided next to demonstrate the
application of the previous formalism.

Participant JKL: In Figure B1 (see Appendix B) we
list the 23 uses suggested for a piece of paper offered
by participant JKL after 5 min of testing. These have
been partitioned into the seven categories “surface
marking,” “toys/games,” “utensils,” “clothes,” “wrap-
ping,” and “unusual” one and two. The number of sug-
gestions in each of the seven categories specifies u,
through w7 as shown in Figure B1.

Using Equation 2, we find that

LLINTS 2% <

CQ=log6x5%x5x5x5x2x2) (6a)

=1.441n15,000 = 14 (6b)
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Participant HM: In Figure B2 (Appendix B) we list
the 19 uses of paper suggested by participant HM, ap-
portioned as above but in this case into two categories
only. Using Equation 2,

CQ =log(18 x 3) (7a)

=144In54=6 (7b)

Although participant JKL provided only four more
responses than did participant HM (23 vs. 19), none-
theless, his CQ was more than double (14 vs. 6).

Discussion

Ideation theory in its broader sense describes how
fluency, flexibility, and originality of ideas are each
important for creative thinking (Runco & Chand,
1994). The CQ accounts for the trade-off between flu-
ency (number of ideas) and flexibility (number of cate-
gories the ideas fall into). It is embedded in the notion
that there is more creativity involved in going on to
suggest new categories, rather than to suggest addi-
tional uses within the categories that have already been
mentioned. For example, if a person has suggested
writing, printing, and drawing as uses of paper, then the
additional suggestion of making hats increases CQ
more than would have painting. This seems reason-
able, because a hat requires the concept of folding pa-
per into an item of clothing, whereas painting is just an
additional example of surface marking.

The CQ estimates the potential for creative thought.
In particular, CQ could apply directly to the notion of
creativity as an ability to link very different ideas into a
novel synthesis. This is because the potential to make
such links presumably increases with the number of
distinctly different categories of ideas a person has
about something plus the number of ideas they have to
richly express each category.

It would be interesting to examine whether or not
those with the highest CQ scores are indeed the ones
who best realize this theoretical potential of creating
new ideas by joining ideas from distinctly different cat-
egories. As an example. to generate the new idea of us-
ing paper for aerial advertising, by combining the idea
of using paper for a balloon with the idea of printing on
paper. How will the ideas arising from such combina-
tions score for originality?

In future research we seek to assess the extent to
which CQ scores are related to scores on more standard
measures of cognitive abilities and personality. This
validation procedure is intended to establish the CQ’s
independence from traditional IQ-type scores, as well
as examining possible relations between intelligence,
personality, and creativity. In addition, we will investi-
gate how participants themselves categorise ideas,
comparing this with Roscherian categorizations.
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Appendix A
Information Theory Derivation
of the Creativity Quotient

The information capacity H for a number, N,, of dis-
crete independent channels is approximated by (e.g..
Shannon & Weaver, 1949; Wozencraft & Jacobs, 1967)

N
H=Y log (1 +u)
I=1 (A1)

where u; is the signal to noise ratio or equivalently the
number of discernable states for the Ith channel.

In the context of ideational fluency, the discrete
channels are the distinctly different categories of sug-
gested uses for, say paper, while the states within each
channel are the suggested uses within each category. In
other words, Equation 2 and Equation Al are equiva-
lent.

Information Increase per Additional
Category

It is convenient to determine the increase in the in-
formation within one category only, that is, as u; in-
creases from zero to one, from one to two, and so on.
With each additional suggested use j, the information
of Category I increases by an amount DH; given by

AHi=log> (1 +j)-loga (1 +j-1) (A2a)

=log> (1 +)/j (A2b)

This tells us that the first suggestion (j = 1) in cate-
gory I leads to an information log; (2) = 1. whereas the
second suggestion (j = 2) in the same category increase
the information by an amount log- (3/2).

Alternate Expressions for the Total
Information

We can use Equation A2 to express the total infor-
mation content of Equation Al by the alternative
form,

N,
H=2% njlogy (1 +j)/j
i=1 (A3)

where the summation is over the number categories
that have j suggestions and #; is the number of catego-
ries with j suggestions (1) = N.). Writing this in a more
explicit form,

H=N.+n2log>»3/2 + nylog>4/3 ...
+ nyloga (1 + j)/j (Ad)

where N is the total number of categories suggested, 1>
is the number of categories with two or more suggested
uses and so on with n;is the number of categories with j
suggested uses.

Converting from base 2 to the natural logarithm,
leads from Equations 3 and A4 to

H=N.+ .58n:+ 41ns + 3204 + 26ns + .22n4
+.19n7 ...+ L44n; In(1 +j)j (A5)

This is approximated by Equation 1. We can use the
additional approximation

In(1 +))fj ~ 1) (A6)

which is less than 6% in error for j > 7.
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Appendix B
Surface Toys/games Utensils Clothes Wrapping Unusual Unusual
Marking 1 2
Writing Airplane Straw Hat Wrapping Look at Make
paper sun noise
through
hole
Scribbling Ball Funnel Eye Envelope
patch
Printing Kite Sieve Arm Cigarette
band paper
Painting Origami Cleaning Sweat Lolly
windows band wrapper
drawing
U1:5 u2=4 U.3=4 U4:4 \l5=4 u5:1 1l7=1

Figure B1. Participant JKL responses for uses of paper where the us are the number of suggested uses within each category required to calcu-
late creativity quotient in Equation 2.

Surface Markings Wrapping

Writing Cover box
Printing Wrap food
Painting
Letter

Love poem
Birthday card
Newspaper
Poster

Ticket
Picture

Book

Song sheet

Advertisement
Stamps

Map

Money

Ballot paper

u =17 | [w=2 |

Figure B2. Puarticipant HM responses for uses of paper where u; and uy are respectively the number of suggested uses within each of the two
categories required to calculate creativity quotient from Equation 2.
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