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knowledge, and memory search.
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Agenda

Create a bridge between science and education
related to creativity sciences

Advocate for the significance of incorporaring
creativity assessment and development in the

classroom



Why does it matter?

The Future of Jobs Report 2023

Download POF &,

The Future of Jobs Report 2023 explores how jobs and skills will evolve over the next five

years. This fourth edition of the series continues the analysis of employer expectations to
provide new insights on how socio-economic and technology trends will shape the
workplace of the future.
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Core skill for workers in 2023 (%)

@ Analytical thinking

@ Creative thinking

Motivation and self-awareness @ @ Resilience, flexibility and agility

@ Curiosity and lifelong learning

Dependability and @ @ Technological literacy
attention to detail ' Empathy and active listening

- % Quality control + Leadership and social influence
s ik @ 4 Talent management
=—Service orientation and customer service

Reading, writing *) Resource management
and mathematics and operations @A and big data
Design and user experience
Multi-ingualism @ @ Teaching @ Cedlo be

I and mentoring
Programming @ @ Marketing and media

.\ @ Environmental stewardship
® Global

Manual dexterity,
citizenship  endurance and precision

® Sensory-processing abilities
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Creativity myths: Prevalence and correlates of misconceptions on creativity
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ABSTRACT

Keywords: Myths about creativity keep contri i d ing scientific of
Creativity ﬂ]lsmmplzxphmnmenmMmﬂymnnnadthepl!valmuﬂmownmnmtymylhsamsumunm
Myths from diverse cultural backgrounds and explored why some people believe in them more than others. Results
;:':"“’ revealed persistent, wide-spread biases in the public conception of creativity, such as attributing creative

achievements to spontaneity and chance rather than persistence and expertise. Firmer belief in creativity myths
was related to lower education, stronger reliance on undependable sources, and personality traits reflecting the
willingness to accept questionable notions and to rely on opinions of others. The findings highlight the need for

better communication of evidence-based knowledge to enable more effective support for creativity.

“For every complex problem there is an answer that is clear, simple and
wrong’.
(Henry L. Mencken)

1. Intreduction

A common challenge to the effective realization of creativity is
knowing teo litte abour it, but it may be even worse when we assume to
know but are wrong. Greativity myths—popular beliefs about creativity
that are not supported by scientific evidence—keep contributing to the
mystery associated with creativity. Over the last few decades, research
has i ified this complex arriving at the

atwork (Baas et al., 2015; Boden, 2004). To better understand the extent
of and reasons for beliefs in creativity myths, this study examined their
current prevalence across a culturally diverse sample and explored
predictors of why some people believe in them more than others.
Research has identified various myths and misconceptions
commonly held by popular psychology (Fumham & Horne, 2021; Lil-
ienfeld et al., 2010). Known misconceptions regarding creativity refer to
all aspects of the construct including its definition, the creative process,
characteristics of creative people, and how to foster creative perfor-
mance (Cropley, 2016; Gilhooly, 1999; Kaufman, 2015; Kim, 2019). For
example, creativity is sometimes seen as synonymous with arts, ignoring
the fact that creativity can be expressed in virtually any domain, such as
in science, social relationships, or even crime (Cliveanu, 2014).
the creative process, creative r.hm]ung is mmmnnly consid-

conclusion that creariviry can be asthe Tesult
of ordinary processes” (Sternberg & Lubart, 1996, p. 681). Yet, mis-

ered as and subject to whereas

conceptions about creativity are still
tha sclentific findings have not sufficiently penetrated public percep-

research i ingly highlights aspects of
creative cognition (Benedek & Jauk, 2019; sum 2015). There are
mixed regarding the istics of creative people.

tions, which may undermine attempts to foster creativity in
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Myth or fact? 1/2

Teachers appreciate the idea of creativity but not
necessarily creative pupils

Creative people are usually more intelligent

A man's creativity increases his attractiveness to
potential partners

Getting rewarded for creative performance at
work increases their productivity



Myth or fact? 1/2
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Myth or fact? 2/2

Creativity “sits” in the right hemisphere of the brain
Creativity cannot be measured

Children are more creative than adults

Creative ideas are naturally a good thing

Creative accomplishents are usually the result of a
sudden inspiration



Myth or fact?2 2/2
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Intro to creativity



A few examples



Challenge #1 — the nine dot problem




Challenge #2

A father and his son took a road trip with a bunch of
the son’s friends. Unfortunately, they had a serious car
accident. The father died immediately and the son
was rushed to a nearby hospital

Luckily, the head of the surgery department — the
toughest, most energetic, powerful and feared from
physician — was in the hospital. After closely

examining the patient, the head of the department
said: “l can’t do it, | can’t operate on my son”



Challenge #3 — the farm problem
B

-1 Divide an L shaped farm into four parts that have
the same size and shape

Solution:




Challenge #4 — radiation problem

A patient has an inoperable tumor in the middle of
the body. There is a ray at a strong intensity that
can destroy the tumor, but the ray also harms the
healthy tissue that it travels through. At low
intensities, the ray will spare the health tissue but
will not destroy the tumor.

Think out a way to use the ray to destroy the tumor
without damaging healthy tissue.



Challenge #5 — tree problem
-

1 Plant 10 trees in five rows with four trees in each
row

Solution:

PAWAN

(The dots represent trees)




Challenge #6 — matchstick problems
NI

V—Il=IV




General



So what is it22

creativity noun
@ Save Word

cre-a-tivity | \ kré-()a-'ti-vo-te Q. kre-a-\

Definition of creativity

1 :the ability to create
/1 her artistic creativity

2 :the quality of being creative




The complexity of creative thinking




What is creativity?

0 We really don’t know
O lll-defined concept (i.e. time, consciousness, ethics...)
O s it —

O Generation? Innovation? Originality? Uniqueness?
Thinking outside the box?

O Artistic creativity versus scientific creativity vs.
every-day creativity



Creativity as a science

o1 Creativity has come a
long way

1 Once viewed as
mysterious workings of
the gods (some still dol)

1 Modern science
considers creativity to
be result of measurable
psychological processes




The scientific “revolutions” in creativity

research

The cognitive revolution of the early 1990’s
Studying creativity within ‘ordinary’ cognitive
capacities, such as language, memory, and attention

The neuroscientific revolution of the early 2000’s

Elucidate how the brain supports creative processes

The computational revolution of the mid 2010’s

Utilizing computational tools to quantitatively assess
and predict creativity



J. P. Guilford’s presid
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CREATIVITY'

J. P. GUILFORD
University of Southern California

erable hesitation, for it represents an area in

which psychologists generally, whether they be
angels or not, have feared to tread. It has been one
of my long-standing ambitions, however, to under-
take an investigation of creativity. Circumstances
have just recently made possible the realization of
that ambition,* But the work has been started only
within the past year. Consequently, if you are
expecting answers based upon new empirical re-
search you will be disappointed. What I can do
at this time is to describe the plans for that re-
search and to report the results of considerable
thinking, including the hypotheses at which my
students and T have arrived after a survey of the
field and its problems. The research design, al-
though not essentially new, should be of some in-
terest. I will also point out some implications of
the problems of creativity in vocational and edu-
cational practices.

I DISCUSS the subject of creativity with consid-

SOME DEFINITIONS AND QUESTIONS

In its narrow sense, creativity refers to the abili-
ties that are most characteristic of creative people.
Creative abilities determine whether the individual
has the power to exhibit creative behavior to a
nateworthy degree. Whether or not the individual

enduring way in which persons differ from one
another. The psychologist is particularly interested
in those traits that are manifested in performance;
in other words, in behavior traits. Behavior traits
come under the broad categories of aptitudes, in-
terests, attitudes, and temperamental qualities. By
aptitude we ordinarily mean a person’s readiness to
learn to do certain types of things. There is no
necessary implication in this statement as to the
source of the degree of readiness. It could be
brought about through hereditary determination
or through environmental determination; usually,
if not always, by an interaction of the two. By
interest we usually mean the person’s inclination
or urge to engage in some type of activity. By
attitude we mean his tendency to favor or not
to favor (as shown objectively by approach-with-
drawal behavior) some type of object or situation.
Temperamental qualities describe a person’s general
emotional disposition: for example, his optimism,
his moodiness, his self-confidence, or his nervous-
ness.,

Creative personality is then a matter of those
patterns of traits that are characteristic of creative
persons, A creative pattern is manifest in creative
behavior, which includes such activities as invent-
ing, designing, contriving, ing, and pl

who has the requisite abilities will actually produce
results of a creative nature will depend upon his
motivational and temperamental traits. To the
psychologist, the problem is as broad as the qualities
that contribute significantly to creative produc-
tivity. Tn other words, the psychologist’s problem
is that of creative personality.

In defining personality, as well as other concepts
preparatory to an investigation, definitions of an
operational type are much to be preferred. I have
often defined an individual’s personality as his
unique pattern of traits. A trait is any relatively

* Address of the President of the American Psychological
at F in State College, 5

1950.
A research project on the aptitudes of high-level per-
sonnel, supported by the Office of Naval Research,

People who exhibit these types of behavior to a
marked degree are recognized as being creative.

There are certain aspects of creative genius that
have aroused questions in the minds of those who
have reflecied much about the matter. Why is
creative productivity a relatively infrequent phe-
nomenon? Of all the people who have lived in
historical times, it has been estimated that only
about two in a million have become really dis-
tinguished (5). Why do so many geniuses spring
from parents who are themselves very far from
distinguished? Why is there so little apparent
correlation between education and creative pro-
ductiveness? Why do we not produce a larger
number of creative geniuses than we do, under
supposedly enlightened, modern educational prac-
tices? These are serious questions for thought and
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The four P’s model

Person: qualities, abilities
Process: mental functions, strategies, brainstorming
Product: ideas, performances, songs, etc.

Press: pressures; internal or external



Different types of c(reativity)



The two ¢’s

28
=1 Big C Creativity

Eminence
World-class accomplishments

High-impact, culturally
significant work

o Little ¢ creativity
Everyday creativity

Hobbies, ideas, jokes, quips,
actions

New for you, not for world at
large



4-c’'s model
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Beyond Big and Little: The Four C Model of Creativity

James C. Kaufman
California State University at San Bemardino

Ronald A. Beghetto
University of Oregon

Most investigations of creativity tend o take one of two directions: cveryday creativity (also called
“little-c"), which can be found in nearly all people, and eminent creativity (also called “Big-C"), which

s reserved for the great. In this paper, the

Four C model of reativity

Specifically, the authors add the idea of “mini-c,” creativity inherent in the learning process,
and Pro-c, the developmental and effortful progression beyond litle-c that represents professional-level

expertise in any creative area. The authors include

transitions and gradations of these four

different
dimensions of creativity, and then discuss advantages and examples of the Four C Model,
Keywords: creativity, everyday creativity, genius, creative development

Two separate events helped bring creativity to the forefront of
psychology and the United States. One event took place at the
1950 meeting of the American Psychological Association, when
Guilford (1950) used his presidential address to argue that the area
of creativity was an understudied yet essential field. Creativity
rtesearch, Guilford said, comprised only 2% of all psychological
rtesearch; he challenged the field to increase this number. Although
the impact of this talk can be easily overstated, Guilford's call to
arms resonated with psychologists around the world (see, eg.,
essays from most countries in The International Handbook on
Creativity, ]. Kaufman & Sternberg, 2006). A few years later,
Russia launched the Sputnik satellite and triggered a great talent
hunt in the United States that emphasized scientific ability, gift-
‘edness, and creativity (S. Kaufman & Sternberg, 2007).

In the decades that have followed, creativity research has con-
tinued at a solid pace. A quick PsycINFO search reveals that there
have been more than 10 000 papers written about creativity in the
Tast 10 years, acrosssuch diverse areas of psycholog as cogative,
developmental, clinical, social, and i

ignored or answered in too many different ways. For example,
Plucker, Beghetto, and Dow (2004) selected 90 different articles
with the word “creativity” in the title (60 from the two top
creativity journals, and 30 from peer-reviewed business, education,
and psychology journals). Of these papers, only 38% explicitly
defined what creativity was. Further, basic questions about cre-
ativity's nature remamn under debate. Is creativity a key part of
positive psychology, or is it related to mental illness and other
negative health outcomes? How does creativity relate to other,
related constructs, such as personality and motivation? Can every-
one be creative?

In this paper, we offer a preliminary, conceptual model to help
frame these questions and more clearly articulate the nature of
creativity. Currently. most investigations of creativity tend to take
one of two directions. The first direction is a focus on eminent
creativity. The goals are often to leam about creative genius and
discuss which creative works may last forever (e g., Simonton,
1994). Creative preatness may be studied by analyzing the lives of

across such other fields as economics, education, and the arts (J.
Kaufman & Stemberg, 2007). Creativity is seen as a desired
quality for admissions to graduate school (Enright & Gitomer,
1989) and National Science Foundation grant applications (Lane,
1997). Moreover, creativity has been described as the most im-
portant economic resource of the 21st century (Florida, 2002). Yet

negative effects. The exact question of what is creativity is often

James C. Kaufman, Leaming Research Institute, California State Uni-
versity at San Bemardino; Ronald A. Beghetto, College of Education,
University of Oregon.

We thank John Baer, Boyd Hegarty, Allison Kaufman, Weibua Niu,
Jonathan Phucker, Ruth Richards, Dean Keith Simonton, and Jeff Smith for
their msightful comments and suggestions. The authors would most espe-
cially 1k tothank Zocana Ivcevie for er detaled advice ad ideas.

onceming this article should be James C.
mm.mm Califomia State University at San
5500 University Parkway, San

edu

Psychology,
BmﬂthAQZAM E-mail. jkaufman@csusb.

11-kne creators, or renowned ., or by
studying people who excel at high levels on creativity measures.
These types of studies and theories are typically referred to as
studying Big-C creativity. The other predominant thrust of work in
the field looks more at everyday creativity (Richards, 1990), such
as those creative activities i which the average person may
participate each day (e g, creatively arranging family photos in a
scrapbook; combining left over Italian and Chinese food to make
a tasty, new fusion of the two cuisines, or coming up with a
creative solution to a complex scheduling problem at work). Most
studies that use college students or children as participants focus
on everyday creativity. The theories and studies along this line of
thinking is usually said to focus on little-c creativity.

Dichotomies of this sort are found in many other fields. Histo-
nians, for example, sometimes concentrate on eminent historical
figures, such as Taylor Branch (1988) did in lus Pulitzer-Prize
winning civil rights history, Parting the Waters, which is largely
focused on Martin Luther King, Jr. Other wnters, such as John
Dittmer (1994) in Local People, which won the Bancroft Prize in

important, but less well known, everyday people involved in
2rass-1oots movements
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TODD LUBART

Special Issue:
In Celebration of the Journal of Creative Behavior’ s 50th Anniversary Creators

The 7 C’s of Creativity

ABSTRACT Curricula

This paper presents a framework for conceptualizing work on creativity in terms of 7 C’s. These are:

Creators, Creating, Collaborations, Contexts, Creations, Consumption, and Curricula. The content of these
thema are described and situated with respect to previous proposals.

Keywords: creativity, person(s), press, process, product, education, models.

During the past 50 years, the Journal of Creative Behavior (JCB) has been a cornerstone of the scientific
study of creativity. From the first issue in 1967 to today, the papers presented in the journal illustrate the rich
nature of creativity as a phenomenon, and the diversity of topics that can be studied within the realm of cre-
ativity. The JCB corpus (1967-2016) includes 900 scientific papers ranging from reflections, ideas, theories, to
introspective accounts, case studies, empirical research with correlational or experimental designs, as well as
literature reviews or meta-analyses. The articles cover a broad range of domains from graphic arts, literature,
science, engineering, and music to business, advertising, design, to culinary arts, sports, and beyond. It is use-
ful to take stock of this corpus and organize it in a synthetic way that may be valuable for structuring the field
of creativity studies for another half-century or so. This is the modest goal of this article.

Mel Rhodes (1961) wrote a paper entitled “An analysis of creativity” that appeared in Phi Delta Kappan.
This predated 1967, so Rhodes has a good excuse why he did not publish it in JCB. In that paper, Rhodes
noted that creativity is a term that is widely used in society but whose meaning remains vague. the
span of 5 years, he collected 40 definitions of creativity. When he analyzed them he found that the various
definitions highlighted several different facets of the complex phenomenon of creativity. This led Rhodes to
identify four strands, which can be distinguished when looking through a “prism™, as the distinct colors of
white light can be broken apart into the rainbow. The four strands, when unified, work together. This vision
has come to be known as the 4 P's of creativity: Person, Process, Press, and Product. In brief, the “Person”
refers to diverse attributes of those who create, their i or biographical ch: isti
The “Process™ refers to the chain of actions and events involved in doing creative work. The “Press” refers
to pressure from the external environment, be it physical or social that impacts creativity. Finally, “Product™
refers to the output of creative work, the productions which take many diverse forms depending on the
field. This article has had an important impact on the field of creativity studies. It has a large number of
academic citations (more than 1500) and has great heuristic value for understanding creativity beyond the
particular issue of defining creativity.

Some authors have suggested the 4 P’s, although serving as the “backbone™ of much thinking on creativ-
ity, do not fully capture the field (Runco, 2007). Slightly 50 years after Rhodes, Glaveanu (2013) proposed a
new framework for creativity, the 5 A’s. The goal was to provide a theoretical perspective on the field of

This articl is part of a special issue in Celebration of the Journal of Creative Behavior's S0th Anniversary. Authors were ivited by
the Editor to contribute an essay o this special issue and the essays were reviewed internally by the Editorial team,

Vol 1. T4, 293-296 € 3007 by don . © DK 18 HELpch 196 293




Dimensions of creativity (product)



Novelty & appropriateness

1 The “standard”
definition: novel an
useful

1 Novel: original, unique,
unusual compared to
others, statistically rare

11 Useful: appropriate,
workable, effective,
satisfying, adaptive in
context

CREATIVITY RESEARCH JOURNAL, 24(1), 92-96, 2012
Copyright © Taylor & Francis Group, LLC

ISSN: 1040-0419 print/1532-6934 online

DOI: 10.1080/10400419.2012.650092

{ Routledge

Taylor & Francis Group.

COMMENTS AND CORRECTIONS

The Standard Definition of Creativity

Mark A. Runco and Garrett J. Jacger

Torrance Creativity Center, Univ.

This Correction focuses on issues surrounding definitions
of creativity. No topic is more central to research
on creativity. There is a clear need to “correct” at least
one all-too-common oversight found in finiti

of Georgia, Athens

THE STANDARD DEFINITION

The standard definition is bipartite: Creativity requires

within the creativity literature.

Not surprisingly, nearly every article in the CRJ at
least briefly defines creativity. The problem is that many
articles cite books or articles from the 1990s or, at best,
the 1980s, when defining creativity, when, in fact, the
definition they are using—which is broadly accepted
and thus can be called the standard definition—actually
has a long history. It is a shame that the early discus-
sions of the standard definition are ignored. Some of
them are rich and remain entirely relevant. They are
cited in the following.

The overarching purpose of all Corrections is to
remind researchers that the field of creativity studies
predates online literature searches. Although the science
of creativity is, in some ways, unique and unlike other
ientific endeavors (see Runco, in press, for details), the
field of creativity studies relies on the scientific method
and is implicitly collaborative. Research builds on pre-
vious research. Originality is a core value in creativity stu-
dies, but this does not justify ignoring relevant research
that was done previously. Good research is integrated
into the larger field, citing what came before, in addition
its originality and utility. Corrections in the CRJ ensure
that due credit is given to earlier research.

The field of creativity studies has roots in the 1950s,
1940s, and 1930s. Domain differences were examined in
the 1930s (e.g., Patrick, 1935, 1937, 1938), and social
criteria of creativity relying on consensual agreement
go back at least to 1953 (Stein, 1953), just to name
two examples. When was the standard definition of
creativity first proposed?

Correspondence should be sent to Mark A. Runco, Torrance
Creativity Center, University of Georgia, Aderhold Hall, Athens,
GA 30602, E-mail: runco@uga.edu

both and . Are two criteria really
necessary?

Originality is undoubtedly required. Itis often labeled
novelty, but whatever the label, if something is not
unusual, novel, or unique, it is commonplace, mundane,
or conventional. It is not original, and therefore not
creati

Originality is vital for creativity but is not sufficient.
Ideas and products that are merely original might very
well be useless. They may be unique or uncommon for
good reason! Originality can be found in the word salad
of'a psychotic and can be produced by monkeys on word
processors. A truly random process will often generate
something that is merely original.

So again, originality is not alone sufficient for creativ-
ity. Original things must be effective to be creative. Like
originality, effectiveness takes various forms. It may take
the form of (and be labeled as) usefulness, fit, or appropri-
ateness. The Inaugural Editorial of the CRJ, which
appeared nearly 25 years ago, referred to wrility when
describing what kind of research would be published
(Runco, 1988). Creative research on creativity would
be published, and the standard definition was used:
“Originality is vital, but must be balanced with fit and
appropriateness” (Runco, 1988, p. 4).

Effectiveness may take the form of value. This label is
quite clear in the economic research on creativity; it
describes how original and valuable products and ideas
depend on the current market, and more specifically on
the costs and benefits of contrarianism (i.e., originality;
Rubenson, 1991; Rubenson & Runco, 1992, 1995;
Sternberg & Lubart, 1991). Value was also recognized
by Bethune—in 1839! He described value as:

The stability of the fabric which gives perpetuity to the
decoration. To mingle the useful with the beautiful, is




Novelty without usefulness
=

o |s too much novelty a bad
thing?

1 Schizophrenic patients are
known for extraordinary
novelty (free associations)

QS

l\i\\
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1 Many ideas lack
practicality /appropriateness

o1 lllustrates the usefulness of
usefulness in defining
creativity



Appropriateness

Appropriateness depends
on the domain

Painting vs. scientific
discovery

Cultures differ in their
values (e.g. clothing)

Valuable does not always
mean positive (e.g.,
Bernie Madoff)



Surprisingness
e

7 Is surprise different
than novelty?

01 Surprise is
emotional, novelty
is less so
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1 Is that it

1 Are we missing
anything?

o The process definition
of creativity

CREATIVITY RESEARCH JOURNAL
2024, VOL. 36, NO. 3, 544-572
https://doiorg/10.1080/10400419.2023.2254573
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The Process Definition of Creativity

o)

Adam E. Green®, Roger E. Beaty®, Yoed N. Kenett, and James C. Kaufman?
*Georgetown University; *Pennsylvania State University; Technion — Israel Institute of Technology; “University of Connecticut

ABSTRACT
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tivity is constituted by

to the oft-noted of  Accepted August 28 2023

processes. This
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attribute (i.e. “creative-ness®). Operating from a priori premises of creativity theory, we develop
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for whether hould be creativity,
many other pacep(ual. emotional, etc. elements that can contribute to creativity processes.
Researchers should specify whether they are studying creativity-as-process
and consider including process-focused

Creativity has perhaps never been more

This definition, h h referred to

espoused as a virtue across wide-ranging sectors of the
academy, as well as in education, arts, and industry than
it is at the present moment. The science of creativity is
receiving increased investment, and creativity research-
ers are developing exciting new methods for both obser-
vation and enhancement of creative cognition.
However, it is the most fundamental question about
creativity - the definitional question - that has persis-
tently clouded scientific progress. Both the timely and
timeless importance of creativity make advancing the
mechanistic understanding of creativity, especially as
a process that can be taught and enhanced, a scientific
priority. The answer to the quesnon, “what is cmnv-
ity?” should provide a i k for

as “the product definition,” provides a concise descrip-
tion of the attributes that make for a successful crea-
tive product. Because the terms, novelty and
usefulness, appear to be most frequently used in the
literature to convey the product-focused definition of
creativity that has emerged from historical and more
recent theoretical developments, we will primarily use
those terms here, though we nole that other terms
such as effe value, etc. can
be used instead with subtly different implications. The
product definition has been extremely valuable for
galvanizing the field around standards for assessing
creative products However, there remains a widely-

research aimed at understanding how creativity works
In plain terms, if we hope to effectively research and
understand creativity as a process, we need to first
define it as a process.

Building on the rich history of theoretical develop-
ment in creativity, from Guilford (1950) to Stein
(1953) to Hennessey and Amabile (2010) to
Simonton (2012), Runco and Jaeger (2012) p

ppreciated need for greater theoretical specificity in
operationalizing the construct of creativity (Kaufman
& Glaveanu, 2021). As we will argue below, the lack of
clarity may be due in large part to a linguistic ambi-
guity in the word, creativity, itself. A bit of linguistic
bad luck has led to a general conflation of different
constructs conveyed by different uses of the word that
instead should be understood as having different defi-

“A Standard Definition of Creativity,” twelve years ago
in CRJ, highlighting the criteria of originality and

nitions, includi of creativity as the
attribute of a product with creativity as a process.
While creativity as the attribute of a product is defined

CONTACT Adam E. Green () aegs8@Georgetown.edu () Department of Psychology & Interdisciplinary Program In Neurosclence, Georgetown University,

302-A White Gravenor Hall 3700 O Street, NW, WA, DC 20057
© 2023 Taylor & Frandis Group, LLC
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The creative process



The creative process

(Wallas, 1926)

Preparation

preparatory work on a problem that focuses the individual's mind on the
problem and explores the problem's dimensions

Incubation

where the problem is internalized into the unconscious mind and nothing
appears externally to be happening

Intimation
the creative person gets a 'feeling' that a solution is on its way

[llumination

where the creative idea bursts forth from its preconscious processing into
conscious awareness

Verification
where the idea is consciously verified, elaborated, and then applied
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Creative problem solving in
knowledge-rich contexts

Wenijing Yang, #° Adam E. Green, ** Quniin Chen, ' Yoed N. Kenett,*
Jiangzhou Sun, ' Dongtao Wei, ' and Jiang Qiu'>*

Creative problem solving (CPS) in real-world contexts often relies on reorganiza-
tion of existing knowledge to serve new, problem-relevant functions. However,
classic creativity paradigms that minimize knowledge content are generally used
to investigate creativity, including CPS. We argue that CPS research should
expand consideration of knowledge-rich problem contexts, both in novices and
experts within specific domains. In particular, paradigms focusing on creative
analogical transfer of knowledge may reflect CPS skills that are applicable to
real-world problem solving. Such paradigms have begun to provide process-
level insights into cognitive and neural characteristics of knowledge-rich CPS
and point to multiple avenues for fruitfully expanding inquiry into the role of
crystalized knowledge in creativity.

Real-world CPS requires crystalized knowledge

The extraordinary capacity of humans to generate creative solutions to problems, which was first
essential to our competition with other species, has taken on renewed interest as we enter a new
phase of competition (and collaboration) with ‘thinking' machines. Whie as many as 50% of
current jobs in the USA are projected to become obsolete in the next two decades, substantial
growth is progcted in creative sectors [1]. As interest in GPS has increased among researchers

A short detour
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Craative problem sohing (CPS) reles
on the reorganization of axisting
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and educators, as well as in industry, CPS has been primarily ed via ledge-
lean measures of creativity [2-5] that seek to minimize or eliminate the requirement of specific
knowledge content for creative performance. In the classical creativity task, the alternative
uses task (AUT) (see Glossary), for example, participants are evaluated on their capacity to
onginate divergent ideas (e.g., grinding up a brick to use as fairy dust in a costume), as opposed
to their ability to apply knowledge transferred from other contexts. Another commonly used
assessment, the figural Torrance Test of Creative Thinking (TTCT), requires particpants to use
a given shape/figure (.., a teardrop shape) as a basis to create their own figure. As with
the AUT, generating novel figures emphasizes origination over the appication of crystalized
knowledge. By contrast, the real-worid vaiue of CPS - inciuding in the growing creative sectors
of the innovation economy - is aimost always in knowledge-rich contexts in which knowledge
acquired through prior learning (e.g., education and life experience) across mutiple domains can
beflexibly applied to salve novel probiems. In other words, real creative solutions frequently require
the use of knowledge, which is not required — and is indeed deliberately avoided - in standard
creativity measures.

Models of creative thinking stress the importance of knowledge to creativity [6-9]. Knowledge
provides a basis for interpreting new information. Moreover, previously acquired knowledge
must be recombined and rearganized to produce the new knowledge that allows the generation
ofnovelideas [10). Empirically cbservationsh: that, after controling for some
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Analogy and the Roots
of Creative Intelligence
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Creativity as blind variation and selective
retention (BVSR) — Dean Simonton

Joural of Theoretical and Philosopbical Psychology © 2012 Amencan Prychologic
2013, Vol 33, No. 4, 253-266 1068-B471/151200  DOE: 10.10:

Creative Thought as Blind Variation and Selective Retention:
Why Creativity is Inversely Related to Sightedness

Dean Keith Simonton
University of California, Davis

Campbell (1960) proposed the theory that creativity required blind va
selective retention (BVSR). More than a half century has transpired without any
resolution of the controversy over the theory's validity. This inability to reach consen-
sus may reflect a fundamental failure on both sides to define the critical terms of the
debate, namely, creativity and blindness. Hence, to help resolve the issue, the ideas
making up a variant set are first described via three paramelers: (a) the idea’s initial
probability of generation, (b) its final utility, and (c) any prior knowledge of its utility
value. These three subjective parameters are then used to derive a creativity index
applicable to each idea in the set. The same parameters are also deployed to produce
a sightedness metric that describes the sightedness of the variant set as well as each idea
in that set. It is then logically demonstrated, first, that an idea’s creativity is inversely
related to its sightedness, and, second, that an idea’s creativity is inversely related to the
sightedness of the variant set that contains that idea. Furthermore, the same general
conclusions hold when the third parameter is omitted from the two definitions or when
the two definitions are not functions of identical parameters (e.g.. novelty in one but
originality in the other). Because blindness is just the inverse of sightedness, it
automatically follows that creativity has an essential positive connection with blind
variation. The article closes with a discussion of BVSR implications regarding the joint
distribution of creativity and sightedness.

Keywords: creativity, sightedness, blindness, BVSR

Although creativity has often been seen to be (Simonton, 2007b; 005). Is
a neglected topic in psychology (Guilford, single “creative process” (or set of pro-
1950; Sternberg & Lubart, 1996), the subject cesses) that operates in all domains, whether
has experienced an exceptional influx of interest  artistic, scientific, or technological? Or is cre-
over the past dozen years or so (for recent giivity so contingent on domain-specific exper-
reviews, see Hennessey & Amabile, 2010;  ise that artists, scientists, or inventors all create
Runco, 2004). Indeed, creativity research now in very different ways? Should domain-
attracts psychological research from multiple ¥
subdisciplines, including the cognitive neuro-
sciences, differential and personality, life span
development, and social. That increased atten-
tion is not without its costs. Alternative theories,
measures, and methods have proliferated almost
without bounds, introducing numerous contro-
versies. One of these persistent debates con-

specificity be the norm, then psychologies of
creativity would have to be as numerous as
domains of creativity, a possibility that must
seriously complicate research—and might even
render psychology irrelevant as an explanatory
perspective. Relative to any creativity re-
searcher, poets would know appreciably more
about how to create poetry, and physicists know

00 0 1 0 2 O' 3 0'4 O. 5 0.6 0-7 0_8 0-9 cerns whether creativity is generic or domain iore st o 1. be Gonalive a. AL

A potential solution to this problem might

. have been provided by Donald T. Campbell
S|ghtedness (1960) over a half century sgo (Simonton,
This article was published Online First October 29, 2012. 2011b). In pu"icu];u. Cm"pbd] ;“g“cd that all

Comrespondence conceming this article should be ad- oo i s Gt o s s oo
dressed 1o Dean Keith Simonion, Department of Psychol.  CTCAUVitY depends on the two-step procedure of

ogy. One Shields Avenue, University of Califomia, Davis, Dlind variation and selective retention, or
CA 95616-8686. E-mail: dksimonton @ucdavis.edu “BVSR."” Of these two steps, the first is the most




The associative theory of creativity
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Creative process model
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MICHAEL D. MUMFORD
TRISTAN MCINTOSH
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Special Issue:

In Celebration of the Journal of Creative Behavior’s 50th Anniversary v

A

Creative Thinking Processes: The Past and the Future Concept/ Case Selection

ABSTRACT

For more than one hundred years, students of creativity, including seminal efforts published in the Jour-
nal of Creative Behavior, have sought to identify the key processes people must execute to produce creative
problem solutions. In recent years, we have seen a consensual model of key creative thinking processes being
accepted by the field. In the present effort, we review the evidence bearing on the eight core processes pro-
posed in this consensual model. Subsequently, directions for future research on creative thinking processes
are discussed.

A 4

Conceptual Combination

Keywords: creativity, creative thinking, processes, cognition, knowledge.

y
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The many, and varied, infl on creative pe e broaches a fu | question ( ‘
Hunter, & Byrne, 2009). What is the basis for peoples’ production of creative problem solutions? In fact, Id G
over the y:ar);. the Journal of Creative Behavior lfas Zubli:’hcd a number of anicl}; which hoped to provide ea eneratlon
an answer to this question (e.g., Isaksen & Treffinger, 2004; Parnes & Biondi, 1975). As Parnes and Noller
(1972) pointed out, the answers we provide to this question influence not only theory (Weisberg & Hass,
2007) but also how we seek to develop (Scott, Leritz, & Mumford, 2004), assess (Vessey & Mumford, 2012),
and manage (Mumford, Martin, Elliott, & McIntosh, in press) creative people.

One approach that has been used to answer this question is identification of the cognitive processes peo- \4

ple must execute to produce creative problem solutions. And, over the years, a number of models describing
Idea Evaluation

A

peoples’ creative thinking processes have been proposed (e.g. Dewey, 1910; Sternberg, 1986). In recent years,
however, the model proposed by Mumford, Mobley, Reiter-Palmon, Uhlman, and Doares (1991) has
become the standard by which we und d the key ing operations needed for creative thought. In
the present effort, we will examine past work bearing on this model and its implications for future work on
creative problem solving.

A

THE PAST

Mumford et al.” (1991) model was based on three assumptions: (a) creative problem solving requires the
production of high quality, original, and elegant solutions to complex, novel, ill-defined problems, (b) prob- - -
lem solving requires knowledge or expertise, and (c) although different performance domains impose differ- Implementat]on Plannlng
ent knowledge requirements, and stress, weight, processes differently, similar processes would underlie
creative thought in most domains of endeavor. These observations, coupled with a review of prior studies,
led Mumford et al. (1991) to propose the eight process model presented in Figure 1.

Because creative problems are novel, complex, and ill-defined, it is held that creative problem solving
begins with problem definition. Problem definition provides the basis for information gathering which, in v

A

Adaptive Execution

This artide is part of a special issue in Celebration of the Journal of Creative Behavior's 50th Anniversary. Authors were invited by
the Editor to contribute an essay to this special issue and the essays were reviewed intemally by the Editorial team.
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The role of memory in creative ideation
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The role of memory in creativity?
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How do we search our memory?

Map/space/ Vehicle /
network process



Research questions
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7 What is the role of 1 Is the creative brain
knowledge in creative “wired” differently?
thinking?

7 What are the - What are the neural
cognitive dynamics dynamics involved in
involved in the creative the creative process?

process?
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Semantic memory and creativity: the costs
and benefits of semantic memory structure
in generating original ideas

Roger E. Beaty® (®, Yoed N. Kenett® (®, Richard W. Hass¢ @ and
Daniel L. Schacter® @

2Department of Psychology, Pennsylvania State University, University Park, PA, USA;
bFaculty of Industrial Engineering and Management, Technion—Israel Institute of
Technology, Israel; “Jefferson Center for Interprofessional Practice and Education,
Thomas Jefferson University, Philadelphia, PA, USA; f’Depar‘cmt’:‘nt of Psychology,
Harvard University, Cambridge, MA, USA

ABSTRACT

Despite its theoretical importance, little is known about how semantic mem-
ory structure facilitates and constrains creative idea generation. We examine
whether the semantic richness of a concept has both benefits and costs to
creative idea generation. Specifically, we tested whether cue set size—an
index of semantic richness reflecting the average number of elements associ-
ated with a given concept—impacts the quantity (fluency) and quality (origin-
ality) of responses generated during the Alternate Uses Task (AUT). Across .
four studies, we show that low-association, sparse, AUT cues benefit original- H I h - Cue @

ity at the cost of fluency compared to high-association, rich, AUT cues. g \

Furthermore, we found an interaction with individual differences in fluid intel-

ligence in the low-association AUT cues, suggesting that constraints of sparse

semantic knowledge can be overcome with top-down intervention. Our find-

ings indicate that semantic richness differentially impacts the quality and @ °
quantity of generated ideas, and that cognitive control processes can facili- Color

tate idea production when conceptual knowledge is limited.

@
@ 4 @ {Clown
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KEYWORDS Creativity; divergent thinking; fluid intelligence; semantic memory; Cue set size @
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Abstract: Standard learning assessments like multiple-choice questions measure what students know
but not how their knowledge is organized. Recent advances in cognifive network science provide

for modeling i revealing key learning mechanisms.
In two studies, we examined the semantic memory networks of undergraduate students enrolled in
an introductory psychology course. In Study 1, istered a ltiple-choice test of
psychology knowledge, the Intro Psych Test, at the end of the course. To estimate semantic memory
networks, we administered two verbal fluency tasks: domain-specific fluency (naming psychology
concepts) and domain-general fluency (naming animals). Based on their performance on the Intro
Psych Test, we categorized students into a high-knowledge or low-knowledge group, and compared
their semantic memory nefworks. Study 1 (N = 213) found that the high-knowledige group had se-

networks that with sh between

p
both the domain-specific (psychology) and domain-general (animal) categori pared to the
low-knowledge group. I Study 2 (N = 145), we replicated and extended these findings ina longitu-
dinal study, collecting data near the start and end of thx . In addition to i 1,
we found the semantic memory networks of high- de i

over time, across both domain-general and domain-specifc categories. Th that
successful le h ic memory ized by high connectiv-

ity and short path distances between concepts—highlighting the tility of cognitive network science
for studying variation in student learning.

Keywords: cognitive network science; i expertise; semantic
memory; undergraduate education

1. Introduction
Psychologists have long been mmeshed in studymg ﬂ\e rehuonshlp between leammg
and memory, a link that is of i ing modern

practices (Anderson 2000). To evaluate student Icammg educators often employ assess-
ments such as multiple-choice quizzes or short-answer questions (Becker and Watts 2001).
Despite their popularity, such assessments can only evaluate what students know on a
surface level. To provide a deeper understanding of student learning, researchers have
recently employed methods from cognitive network science that can model (latent) knowl-
edge structures. Network science quantifies the relationships between units in a complex
system—such as words in a semantic memory network—providing powerful tools for un-
derstanding how students represent and retrieve knowledge to facilitate successful learning
and academic performance (Nesbit and Adesope 2006; Siew 2020). Previous cross-sectional
research has found that older students have different knowledge structures compared to

. Intell. 2024, 12, 56. https:/ /doi.org/ 103390/ jintelligence12060056
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Quantifying flexibility in thought: The resiliency of semantic networks N
differs across the lifespan

Abigail L. Cosgrove ", Yoed N. Kenett ", Roger E. Beaty *, Michele T. Di

* Department of Psychology, The Pernsytvania State Universiy, USA
* Technion-Isracl Instinute of Technology, Isracl

ARTICLE INFO ABSTRACT
Keywords: Older adults tend to have a broader vocabulary compared to younger adults — indicating a richer storage of
Semanic pecworks semantic knowledge  but their retrieval abilities decline with age. Recent advances in quantitative methods
Percolation Bosed e R g i i i = Wyl
Aging ; isag i i flexibilty. Percolation
w“’""""m analysis provides a quantitative measure of the flexibility of a semantic network, by examining how a semantic

is resis “attacks™ i s i fon analyses

examine how semantic networks of younger and older adults break apart to investigate potential age related
differences in language production. We applied the percolation analysis to 3 independent sets of data (total N
= 78 younger, 76 older adults) from which we generated semantic networks based on verbal fluency perfor-
mance. Across all 3 datasets, the percolation integrals of the younger adults were larger than older adults,
Our findings provide quantitative evidence for diminished flexibility in older adults' semantic networks, despite

the stability of semantic knowledge across the lifespan. This may be one contributing factor to age-related dif-
ferences in language production.

1. Introduction

Aging is associated with cognitive decline, and this decline is seen in
a number of areas of cognition, such as speed, inhibition, and language
production. Older adults need to adapt to these age-related deficits to
better navigate everyday tasks — yet as individuals age, they tend to
become less flexible and have increased difficulty adapting to new en-
vironments (i.e., declines in processing speed and cognitive control;
Hasher, Lustig, & Zacks, 2008; Salthouse, 2010). In contrast, one ability
that remains remarkably stable across the lifespan is semantic knowl-
edge or semantic memory (e.g., Park et al., 2002). However, semantic
abilities are most often measured through vocabulary, and vocabulary

ity A

study, we quantitatively examine, for the first time, the effect of aging on
flexible thinking, by applying computational methods to estimate the
flexibility of semantic memory structure of younger and older adults
across three different samples. Specifically, we apply network science
methods to estimate the semantic networks of these samples and
examine the flexibility via a percolation analysis, which measures
network resilience, or flexibility, by the process in which it breaks apart
(Kenett et al., 2018), to further assess age-related decline.

2. Aging, flexibility, and semantic memory

Compared to the content of semantic knowledge, the structure of
e b b 1

inventories are typically un-timed, possibly age
differences. Moreover, vocabulary inventories only assess knowledge
of a relatively small sample of words, vastly underestimating the depth,
breadth, and complexity of semantic knowledge. Words and their se-
mantic features have structure and inter-relations among them (e.g.,
they can be represented as networks; Siew, Wulff, Beckage, & Kenett,
2019), which vocabulary inventories cannot capture. In the current

in aging, as older adults
tend to have an equal or broader vocabulary compared to younger
adults, indicating a richer storage of semantic knowledge (Kavé &
Halamish, 2015; Kemper & Sumner, 2001; Park et al., 2002; Verhae-
ghen, 2003). Indeed, older adults show comparable performance to
younger adults in a variety of semantic measures, including generating
word associations (Bowles, Williams, & Poon, 1983; Burke & Peters,

* Corresponding author at: Department of Psychology, The Pennsylvania State University, 356 Moore Building, University Park, PA 16801, USA.
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