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Since brainstorming was introduced as a technique in 1953 it has been assumed that
the best way to produce good ideas is through the production of many ideas, which
has later been named the equal-odds rule. However, this finding that productivity often
leads to creative quality has rarely been examined in psychometric studies of creative
cognition. To close this knowledge gap, we examined the relationship between individual
differences in creative personality, as assessed by the personality trait openness to
experience, and both the quantity and quality of ideas produced in a divergent thinking
task. Across 154 graduate students we found a positive and significant relationship
between creative personality and the number of ideas produced, as well as their creative
value. The present results indicate that while quantity does breed quality in creative
production, the effect is moderated by individual differences, specifically the personality
trait Openness to Experience. As the level of Openness to Experience increases, the
relation of quantity of ideas to average Creative value gradually becomes positive and
significant. We discuss the possible reasons for and implications of our findings.
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INTRODUCTION

Alex Osborn, the inventor of brainstorming, began his pioneering work on developing creative
problem solving techniques in 1939. At the time, Osborn was partner in an advertising company
and was frustrated by the lack of quality in the ideas produced by his employees. Experimenting
with group-thinking sessions he noticed that the quality and quality of the ideas were greater
than those produced by individual employees and argued: “It is almost axiomatic that quantity
breeds quality in ideation. Logic and mathematics are on the side of the truth that the more ideas
we produce, the more likely we are to think up some that are good” (Osborn, 1953/1963, p. 131).
Given the simple and appealing logic, this hypothesis was almost unquestionably accepted by the
brainstorming literature and has become, not just the guiding principle for creative ideation, but
also the primary tool for evaluating creative performance and even the effectiveness of creativity
training programs (for review see Onarheim and Friis-Olivarius, 2013).

The most compelling evidence for the idea that quantity breed quality (QBQ) was put
forth by Simonton after studying the relationship between “outstanding achievements” and
creative productivity both across and within careers for two decades. Based on this extensive
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histometric research, Simonton (1997) conceptualized what is
known as the “equal-odds rule,” which states that the number of
successful ideas is proportional to the number of ideas generated.
In other words: the more an individual produces, the more likely
s/he is to stumble upon success (i.e., QBQ). The equal-odds arise
from the stochastic nature of creativity, and has been observed to
be approximately constant across a career. It can be deduced from
the equal-odds rule that the number of ideas produced should be
unrelated to the average quality of those ideas.

However, not all research has been supportive of the
equal-odds rule. Even though most studies on brainstorming has
focused on finding methods to increase the quantity of ideas,
those that have tested the QBQ have reported mixed results
of either a positive or no relationship between the production
of ideas and their quality (for review see Reinig and Briggs,
2008). There are even reports of negative effects following a high
quantity of idea production.

The quantity of ideas is, however, not the only variable that
may influence idea quality. Research on individual differences
in creative personality has found that subjective ratings of
the quality of creative ideas correlate positively with the trait
openness to experience (e.g., Silvia et al., 2008; Batey et al.,
2010). Openness to experience has consistently been associated
with trait creativity, specifically the ability to produce a high
quantity of ideas (McCrae, 1987), their quality (Silvia et al.,
2008, 2009) and with achievement creativity (King et al., 1996;
Nusbaum and Silvia, 2011).

This opens the theoretically important, but not yet tested,
possibility that the QBQ relation may be moderated by individual
differences in creative personality. In so far as such a potential
moderation effect can be documented, it would help further
develop theoretical models of creative production such as the
QBQ and Equal-Odds frameworks, speaking to the need of
incorporating individual differences as moderators.

It is important to note that almost all of the work that
has been done on the equal-odds rule, whether defining or
evaluating it, has been based on data from high achieving
individuals. A possible explanation for the mixed QBQ results
is therefore an inattention to the possibility that the QBQ
and equal-odds rule may not apply equally to individuals with
varying levels of creativity. We therefore set out to test the
hypothesis that the relationship between quantity and quality of
ideas, is moderated by the individual differences in Openness to
Experience, so that a person with high creative personality may
be better able to translate a large quantity of ideas into increasing
average creative value.

MATERIALS AND METHODS

Participants
A hundred and fifty four graduate students from the Copenhagen
Business School participated in the study. A post hoc power
analysis using G∗Power (Faul et al., 2009) confirmed that our
sample size suffices to achieve a statistical power larger than
0.95 for all multiple regression tests reported below, provided
that alpha = 0.05 and effect sizes are at least medium (i.e.,

f 2 = 0.15, Cohen, 1988). The average age of the participants was
22 (range 19–28), with 75 female participants. All participants
were randomly recruited from campus and were compensated
with a canteen voucher worth approximately 7 Euros. They
were all native speakers of Danish. In a Danish context, ethical
approval is not required for this type of behavioral non-medical
study. Two respondents failed to fill in our measure of creative
personality, and were thus excluded from the experiment.

Psychometric Tests
After signing an informed consent form participants completed
a battery of psychometric tests on an online platform developed
for the project. The first test was the alternate uses test
(AUT) (adapted from Guilford, 1956; Harrington, 1975). In
this creative production test participants are presented with
a common object and asked to list as many alternative uses
they can possibly think of within a 3 min period. Participants
were instructed not to include ordinary or unrealistic uses
and were given an example object (a paperclip) to illustrate.
Ordinary use: hold paper together; unusual use: use as an
earring; unrealistic use: fly it to the moon. Participants were
given the five objects: Newspaper, Pencil, Towel, Brick, and
Shoe. The order of the presented objects was randomized
across subjects. For the present experiment creative personality
was assessed by the personality trait Openness to Experience
(Costa and McCrae, 1992), whereas the other BIG5 dimensions
were assessed.

Coding Procedures
The quantity of the ideas (Fluency) generated on the AUT
was determined simply by counting the number of responses,
averaged across the 5 objects. The quality of each idea was
rated by two trained judges using the judge rating procedure
developed by Silvia et al. (2008), which we for the present
purposes have labeled “Creative value.” The raters were told to
consider three facets in their creativity ratings of the objects:
uncommonness, remoteness and cleverness, noting that the
strength in one facet can balance weakness in another facet (Silvia
et al., 2008). First, each idea was rated for uncommonness (the
infrequency of the idea), remoteness (how “far from” a common
use), and cleverness (how clever was the idea). Guided by on
these three facet ratings each idea was given a final subjective
creativity score ranging from 1 (not at all creative) to 5 (highly
creative). The subjective creativity score for each response thus
constitutes a second coding step and is not merely an automated
summing of the facet scores, although creativity and the sum
of the facet scores do correlate highly (r = 0.836). Each subject
was assigned an overall “creative value” score, which is the
average score of quality of all ideas produced by an individual.
Please note in interpreting the results that creative value should
not be mistaken for other common measures used in Equal
Odds research (such as the number of hits generated). Each
judge rated one half of the total sample of ideas. Inter-rater
reliability was assessed by having the two judges rate a sample
of the same ideas (39% of the total pool of ideas produced;
n = 487). Defining the two ratings as in agreement whenever
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they fell within one point of each other (e.g., Diehl and Stroebe,
1987; Paulus et al., 2011) the two raters agreed in 95.7% of
the ratings. Internal consistency between judges, calculated on
the raw judge scores was acceptable (ICC two-way, mixed, for
consistency =0.68).

RESULTS

Multiple linear regression analysis was used to develop a model
for predicting subject’s average Creative value from their Fluency
of idea production (Quantity) and Openness to Experience. We
included average idea size (no of characters) as a covariate of no
interest. To estimate whether Openness to Experience moderated

the relation between average Quantity and average Quality, we
used a regression model entered in two levels. Creative value was
set as the DV, and (block one) Fluency, Openness to Experience,
and idea size as IVs. At block two, the interaction term of
Openness to Experience and Fluency was added to test for
moderation. The Fluency and Openness to Experience variables
were mean-centered. Basic descriptive statistics are shown in
Table 1. The model did not indicate evidence of multicollinearity,
as evidenced in tolerance scores >0.78 and VIF scores <1.3.

The block one model significantly predicted Creative value,
F(3,148) = 17.90, p < 0.001, with an R2 of 0.27. Each of the IV’s
significantly predicted average Creative value: Fluency (β = 0.305,
p < 0.001), Openness to Experience (β = 0.314, p < 0.001), and
idea size (β = 0.224, p < 0.003).

TABLE 1 | Descriptive statistics and correlation matrix.

Mean SD Quantity Quality Personality Idea size

Quantity (fluency) 9.2 4.4 1.00 0.32∗∗∗ 0.25∗∗
−0.27∗∗∗

Quality (creative value) 2.3 0.3 1.00 0.41∗∗∗ 0.16

Personality (openness) 119.2 19.2 1.00 0.10

Idea size (no. of characters) 17.6 8.0 1.00

Age 22.0 2.0

∗∗p < 0.01; ∗∗∗p < 0.001.

FIGURE 1 | The correlation between the quantity of ideas produced and the rated quality of each idea, which for visualization purposes is calculated separately for
each of three levels of openness to experience (high, medium, and low). The color bands each represent the 95% confidence region for the fitted line.
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The block two model also significantly predicted Creative
value, F(4,147) = 15.08, p < 0.001, with an R2 of 0.29. Again, each
of the IVs’, including the interaction term, significantly predicted
Creative value: Fluency (β = 0.256, p < 0.002), Openness
to Experience (β = 0.328, p < 0.001), idea size (β = 0.237,
p < 0.002), and Fluency X Openness to Experience (β = 0.166,
p < 0.025). By implication, the difference in R2 between the two
blocks was also significant, F(1,147) = 5.13. The regression lines
were checked for outliers, and the results remained significant
in their absence.

The results are in alignment with past research, and indicate
that both Openness to Experience and ideational Fluency directly
and independently affect the creative value of ideas. The novel
finding here is, however, that Openness to Experience moderates
the effect of the quantity (Fluency) of ideas onto their average
Creative value. The moderation is illustrated in Figure 1,
where the sample, for visualization purposes, is split into three
equally sized groups (33rd, 66th percentile) by Openness to
Experience scores. It appears as if individuals low on Openness
to Experience in effect display a strict version of the Equal-
Odds rule, indicating that for this group producing more ideas
does not increase average Creative value. But as the level of
Openness to Experience increases, the relation of quantity of
ideas to average Creative value gradually becomes positive, with
a very strong and positive relationship for the group highest in
Openness to Experience.

DISCUSSION

The present results indicate that while quantity does breed
quality in creative production, the effect is moderated by
individual differences, specifically the personality trait Openness
to Experience. Given the assertion in the Equal Odds rule
that the relation between idea production and creative hits
are characterized as positive, linear, stochastic and constant,
then it could be argued that individual average quality of
ideas should be constant and unrelated to the individual
volume of ideas produced. While this was what we found
for individuals low on Openness to Experience, this is not
the case across the full spectrum of Openness to Experience.
Indeed, with increasing levels of Openness to Experience,
the average individual creative value increased sharply with
ideational fluency. The results challenge the simple but broadly
accepted assertion that only quantity drives ideational quality,
and underscores the importance of incorporating individual
differences in creative personality into models, in this case

Openness to Experience. The results do not explain exactly
which role Openness to Experience serves in mitigating
the relation between quality and quality, but one likely
explanation is that openness to new experiences translates into
incorporating more variability and novelty into solutions over
the course of ideational production, which then is appreciated
by judges making creative ratings. This is supported by recent
advances in neuroimaging, where it has been documented
that individuals high in creativity, reflexively activate more
associative memory structures that is linearly predictive of
trial-by-trial variability in ideational Fluency, but also that
this predictability is higher the higher the creative potential
(Friis-Olivarius et al., 2017). As an explanation for the present
results this might mean that more creative individuals activate
more memory structures, enabling them to better utilize
their accumulated knowledge in idea production resulting in
more and better ideas.

The present findings also open up a new theoretical avenue
in creativity research: the hunt for moderators of the QBQ
effect. Further, the results are also of practical relevance for
the facilitation of creativity by underscoring the importance of
not just encouraging the production of many ideas, but also
in considering the personality characteristics of the sample of
individuals doing the idea generation. While much past research
has focused on increasing informational diversity in teams in
order to increase the unshared knowledge that may potentially
inform the problem at hand, personality of the team members
has typically not been considered important. Further research is
needed to examine whether these findings generalize to other
types of ideation than the alternative uses test (e.g., to real-
world brainstorms), to other types of individual differences than
Openness (e.g., using the remote Associates Test), and to examine
whether the findings will generalize from individual sessions to
group ideation settings.

AUTHOR CONTRIBUTIONS

All authors listed have made a substantial, direct and intellectual
contribution to the work, and approved it for publication.

FUNDING

This research was supported by a grant from the Innovation Fund
Denmark (CIBIS 1311-00001B).

REFERENCES
Batey, M., Furnham, A., and Safiullina, X. (2010). Intelligence, general knowledge

and personality as predictors of creativity. Learn. Individ. Diff. 20, 532–535.
doi: 10.1177/0956797612450883

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences, 2nd Edn.
Hillsdale, NJ: Erlbaum.

Costa, P. T., and McCrae, R. R. (1992). Revised NEO Personality Inventory and
NEO Five-Factor Inventory: Professional manual. Odessa, FL: Psychological
Assessment Resources.

Diehl, M., and Stroebe, W. (1987). Productivity loss in brainstorming groups:
toward the solution of a riddle. J. Pers. Soc. Psychol. 53, 497–509. doi: 10.1037/
0022-3514.53.3.497

Faul, F., Erdfelder, E., Buchner, A., and Lang, A. G. (2009). Statistical power
analyses using G∗ Power 3.1: tests for correlation and regression analyses.
Behav. Res. Methods 41, 1149–1160. doi: 10.3758/BRM.41.4.1149

Friis-Olivarius, M., Hulme, O. J., Skov, M., Ramsøy, T. Z., and Siebner, H. R. (2017).
Imaging the creative unconscious: reflexive neural responses to objects in the
visual and parahippocampal region predicts state and trait creativity. Nat. Sci.
Rep. 7:14420. doi: 10.1038/s41598-017-14729-7

Frontiers in Psychology | www.frontiersin.org 4 March 2019 | Volume 10 | Article 355

https://doi.org/10.1177/0956797612450883
https://doi.org/10.1037/0022-3514.53.3.497
https://doi.org/10.1037/0022-3514.53.3.497
https://doi.org/10.3758/BRM.41.4.1149
https://doi.org/10.1038/s41598-017-14729-7
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles


fpsyg-10-00355 March 1, 2019 Time: 11:26 # 5

Friis-Olivarius and Christensen Not Quite Equal Odds

Guilford, J. P. (1956). The structure of intellect. Psychol. Bull. 53, 267–293.
doi: 10.1037/h0040755

Harrington, D. M. (1975). Effects of explicit instructions to “be creative” on the
psychological meaning of divergent thinking test scores1. J. Pers. 43, 434–454.
doi: 10.1111/j.1467-6494.1975.tb00715.x

King, L., Walker, L., and Broyles, S. (1996). Creativity and five-factor model. J. Res.
Pers. 30, 189–203. doi: 10.1006/jrpe.1996.0013

McCrae, R. R. (1987). Creativity, divergent thinking, and openness to experience.
J. Pers. Soc Psychol. 52:1258. doi: 10.1037/0022-3514.52.6.1258

Nusbaum, E. C., and Silvia, P. J. (2011). Are openness and intellect distinct aspects
of openness to experience? A test of the O/I model. Pers. Individ. Diff. 51,
571–574. doi: 10.1016/j.paid.2011.05.013

Onarheim, B., and Friis-Olivarius, M. (2013). Applying the neuroscience of
creativity to creativity training. Front. Hum. Neurosci. 7:656. doi: 10.3389/
fnhum.2013.00656

Osborn, A. F. (1953/1963). Applied Imagination, Principles and Procedures of
Creative Thinking. New York, NY: Scribner.

Paulus, P. B., Kohn, N. W., and Arditti, L. E. (2011). Effects of quantity and quality
instructions on brainstorming. J. Creat. Behav. 45, 38–46. doi: 10.1002/j.2162-
6057.2011.tb01083.x

Reinig, B. A., and Briggs, R. O. (2008). On the relationship between idea-quantity
and idea-quality during ideation. Group Decis. Negot. 17:403. doi: 10.1007/
s10726-008-9105-2

Silvia, P. J., Nusbaum, E. C., Berg, C., Martin, C., and O’Connor, A. (2009).
Openness to experience, plasticity, and creativity: exploring lower-order, high-
order, and interactive effects. J. Res. Pers. 43, 1087–1090. doi: 10.1016/j.jrp.2009.
04.015

Silvia, P. J., Winterstein, B. P., Willse, J. T., Barona, C. M., Cram, J. T.,
Hess, K. I., et al. (2008). Assessing creativity with divergent thinking
tasks: exploring the reliability and validity of new subjective scoring
methods. Psychol. Aesthet. Creat. Arts 2:68. doi: 10.1037/1931-3896.
2.2.68

Simonton, D. K. (1997). Creative productivity: a predictive and explanatory model
of career trajectories and landmarks. Psychol. Rev. 104, 66–89. doi: 10.1037/
0033-295X.104.1.66

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2019 Friis-Olivarius and Christensen. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychology | www.frontiersin.org 5 March 2019 | Volume 10 | Article 355

https://doi.org/10.1037/h0040755
https://doi.org/10.1111/j.1467-6494.1975.tb00715.x
https://doi.org/10.1006/jrpe.1996.0013
https://doi.org/10.1037/0022-3514.52.6.1258
https://doi.org/10.1016/j.paid.2011.05.013
https://doi.org/10.3389/fnhum.2013.00656
https://doi.org/10.3389/fnhum.2013.00656
https://doi.org/10.1002/j.2162-6057.2011.tb01083.x
https://doi.org/10.1002/j.2162-6057.2011.tb01083.x
https://doi.org/10.1007/s10726-008-9105-2
https://doi.org/10.1007/s10726-008-9105-2
https://doi.org/10.1016/j.jrp.2009.04.015
https://doi.org/10.1016/j.jrp.2009.04.015
https://doi.org/10.1037/1931-3896.2.2.68
https://doi.org/10.1037/1931-3896.2.2.68
https://doi.org/10.1037/0033-295X.104.1.66
https://doi.org/10.1037/0033-295X.104.1.66
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology/
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

	Not Quite Equal Odds: Openness to Experience Moderates the Relation Between Quantity and Quality of Ideas in Divergent Production
	Introduction
	Materials and Methods
	Participants
	Psychometric Tests
	Coding Procedures

	Results
	Discussion
	Author Contributions
	Funding
	References


