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One little spark of inspiration is
at the heart of all creation*
Invent, Design, Imagine, Discover - all words which often
appear in STEM literature, are “sparked” by creativity and
perseverance. Yet in the classroom with its reality of
standards, textbooks, and testing creativity is often
discouraged, viewed as beyond the reach of children, while
perseverance is sidelined in favor of “curriculum coverage.”
Both creativity and persistence are essential to learning and
critical to in the development of STEM Talent.
From the theme song for the Journey into the Imagination with Figment attraction
at Epcot, Walt Disney World ® Resort.

Overview
• Beyond the artistic view of creativity
– Aspects of Creativity
– Creativity in the STEM disciplines

• 4-C Model of Creativity
• Teaching for Creativity in the Common
Core era

Aspects of Creativity
PROCESS: becoming sensitive to problems, deficiencies, gaps
in knowledge, missing elements, disharmonies, and so on;
identifying the difficulty; searching for solutions, making
guesses, or formulating hypotheses about the deficiencies
(Torrance, 1966, p. 6).

PRODUCT: A product or response is creative to the extent that
appropriate observers agree that is it creative. (Amabile 1996, p.33).
PERSON: (a) skill to see problems in new ways and to escape
the bounds of conventional thinking (b) skill to recognize
which of one’s ideas are worth pursuing (c) to sell other
people on the value of one’s ideas. (Sternberg, 2006, p. 88).

Aspects of Creativity
PRESS: “…the relationship between human beings and their
environment. Creative production is the outcome of certain
kinds of forces playing upon certain kinds of individuals as they
grow up and function…” (Rhodes, 1961, p. 309)
PROBLEM: “…must be of sufficient interest and challenge to
stimulate an creative response. Problems that mirror or mimic
ones previously encountered…often elicit routine responses
…rather than an innovative solution.” (Mann, 2014, p. 320)
.

Domain Specificity
Kaufman’s Domains of Creativity Scale (K-DOCS)
- Self/Everyday
- Mechanical/Scientific
- Artistic
- Scholarly
- Performance
Baer and Kaufman’s Amusement Park Theoretical Model of Creativity
• Initial requirements: intelligence, motivation, environment (ticket in)
• General Thematic Area (type of park)
• Domain (which park)
• Micro-Domain (which activity)

Scientific Creativity
“…science involves understanding nature with ones’ heart
and mind, emotions and cognitions, imaginations and
reason. Art, therefore acts as a source of skills and insights that
science needs to progress… beauty and aesthetic appreciation
of science ideas…” (Kind & Kind, pg. 7)
“The truth of scientific theories arises not only because they
correspond to observable facts, but also because they
contribute a sense of wholeness in our understanding of
the world.” (Kind & Kind,, pg. 8)
Kind, P. M., & Kind, V. (2007). Creativity in science education: Perspectives and challenges for
developing school science. Studies in Science Education, 43, 1-37.

Sir J. Norman Lockyer
Fellow of the Royal Astronomical Society
Founding Editor of Nature
First issue November 4,1869
The October 25, 2018 edition is
Vol. 562, Issue 7728
• World's first professor of astronomical physics;
Royal College of Science, London
• Founder of The Norman Lockyer Observatory
& James Lockyer Planetarium
• First to view the sun with a spectroscope
• Knighted for his discovery of helium in the
Sun’s atmosphere

Astronomy - 1871
134. Is the Sun inhabited? – This is a question more
easily asked than answered. If the whole body of the
Sun is an incandescent globe, of course no organized
beings of whom we can conceive can live upon it. But
if the incandescence is confined to its photosphere, as
many think, and the surface of the globe itself is
protected from its outer envelope by a dense
atmosphere, which absorbs its intense light and is at
the same time a non-conductor of heat, there is
nothing to prevent it from being inhabited. (pg. 69)

Mathematical Creativity
• One view “includes the ability to see new relationships
between techniques and areas of application, and to
make associations between possibly unrelated ideas”
(Tammadge as cited in Haylock, 1987).

• Krutetskii approaches creativity from a problem-solving
perspective characterizing creativity in the context of
problem-formation (problem-finding), invention,
independence and originality (Krutetskii, 1976; Haylock, 1987).
• Others have applied the concepts of fluency, flexibility
and originality to mathematics
(Tuli, 1980; Haylock, 1997; Kim, Cho, Ahn, 2003).

Criteria for Measuring
Creative Ability in Mathematics (Balka,1974)
The ability to:

• Formulate mathematical hypotheses
• Determine patterns
• Break from established mind sets to obtain solutions in a
mathematical situation
• Sense what is missing and ask questions
• Consider and evaluate unusual mathematical ideas, to think
through the consequences from a mathematical situation
• Split general mathematical problems into specific
sub-problems

Dan Meyer’s: Math Class Needs A
Makeover
Five symptoms that you’re developing math reasoning
skills wrong. Your students…
1. Lack initiative
2. Lack perseverance
3. Lack retention
4. Are adverse to word problems
5. Are eager for a formula
Two and Half Men approach to learning math:
• Teaching in small, “sitcom sized problems that wrap
up is 22 minutes, 3 commercial breaks and a laugh
track” resulting in Impatient Problem Solvers

A Familiar Math Class Problem

Dan Meyer: Math class needs a makeover | TED Talk - TED.com
https://www.ted.com/talks/dan_meyer_math_curriculum_makeover?language=en

-

A More Realistic Problem

How many boxes of girl scout
cookies will fit into that trunk?

http://www.101qs.com/3675

Dan’s Recommendation
1. Use multimedia to bring the real world into the
classroom
• Dan often posts ideas and samples on his blog
http://blog.mrmeyer.com/ (Three-Act Tasks)

2.
3.
4.
5.

Encourage student intuition
Ask the shortest question you can
Let students build the problem
Be less helpful

An Answer
Not the One Right one

Doing What Mathematicians Do
• Mathematics when it is finished, complete, all done, then it consists of
proofs. But, when it is discovered, it always starts with a guess. . .
George Pólya (1966)

• Mathematics - this may surprise you or shock you some - is never
deductive in its creation. The mathematician at work makes vague
guesses, visualizes broad generalizations, and jumps to
unwarranted conclusions. He arranges and rearranges his ideas, and
he becomes convinced of their truth long before he can write down a
logical proof. The conviction is not likely to come early - it usually
comes after many attempts, many failures, many
discouragements, many false starts.
Paul Halmos (1968)

Another Math Problem
What is your hypotheses?

Is there a connection between the number of sides of a polygon
and the number of diagonals you can make?
Problem is loosely structured – a research question
Cause: change in number of sides
Effect: change in number of diagonals

Emma’s Work (9 years old)
(Koshy, 2001, pg. 43-44)

Emma’s Voice
I tried

Not search for
a formula!

to find the connection between the

number of sides in each shape and the number of diagonals
which were drawn. So I drew out a chart to help me look at the
relationship between the numbers. I wondered what relation the
numbers had to each other. When I looked at the number of
diagonals …
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Emma’s Voice

Her first strategy

I tried to find the connection between the number of sides in each
shape and the number of diagonals which were drawn. So I

drew

out a chart to help me look at the relationship
between the numbers. I wondered what relation the
numbers had to each other. When I looked at the number of
diagonals …
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Emma’s Voice

Not just punching
numbers into a
calculator hoping for an
answer or searching the
textbook for a sample
problem already solved

I wondered what relation the numbers had to each other. When I looked
at the number of diagonals in each shape I

noticed that the difference

between them increases by 1 each time. When I looked at the shape drawings
again, I

noticed that the numbers of diagonals coming from each vertex

was…
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Emma’s Voice

A discovery
A
found not given

… the numbers of diagonals coming from each vertex was three less
than the number of sides in the shape eg. pentagon. 5 – 3 = 2
diagonals from each vertex, hexagon 6 – 3 = 3 etc. This

gave

me a rule for the number of diagonals coming from each vertex in
any particular shape, but I needed to find the number of diagonals in
each shape.
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Emma’s Voice

Digging deeper,
exploring
the
A
answer

I tried to do what I thought of before. I tried to multiply the 2 × 5 (ie.
the number of diagonals by the number of sides of the pentagon
because there were five sides in the shape) and I noticed the answer
was 10. I then noticed that 10 is twice the number of sides of a
pentagon, and if I divided it by 2 it would give me the total number of
diagonals, which it did. I then tried to do the same with the other
shapes:
octagon (8 – 3 = 5) × 8 then divide the total by 2 = 20
nonagon (9 – 3 = 6) × 9 then divide the total by 2 = 27
This works with all the other shapes, it also allows me to
predict the number of diagonals in any shape
(Landers, 1999)
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The Voice of Emma’s Teacher
The value of perseverance
This way of working systematically and
constantly refining her thoughts and processes
has also enabled Emma to identify similar
patterns in other problems and investigations.
For example, when we were investigating 'How many handshakes will
take place if 20 people shook hands with each other?' Emma's comment
was (within five minutes) 'This is similar to the polygons problem,
I think. So I can cut down on quite a bit of working out'.

Engineering Creativity
Design Engineering Thinking (DET)
• A foundational concept of engineering is the design
process, an inherently creative process
• Engineering is focused on the creation of objects that
solve a problem; a functional view of creativity
• “Context determines creativity by defining not only a
product’s relevance and effectiveness, but also its
degree of novelty” (Cropley & Cropley, p. 178).

THE NEXT PAPER CLIP
•
•
•
•
•
•
•
•

Does not catch, mutilate, or tear papers
Does not get tangled with other clips in the box
Holds a thick set of papers
Holds papers securely
Is thinner and takes less space in files
Is easily inserted
Is lightweight and requires less postage
Is less expensive to produce

Early Paper Clips

Early Office Museum

http://www.officemuseum.com/paper_clips.htm

DESIGN OF THE PAPER CLIP
• “The wire clip for holding office papers together has
entirely superseded the use of the pin in all up-todate offices." (Business, March 1900, p. 173)
• The first paper clip patent was issued December 3,
1867, Patent number: 71635
• The latest one I found was issued on August 9,
2011, Patent number: 7992260 B1

Four C Model of Creativity
Kaufman, J. C., Beghetto, R. A., Baer, J., & Ivcevic, Z. (2010). Creativity polymathy: What Benjamin
Franklin can teach your kindergartener. Learning and Individual Differences. 20, 380-387.
DOI:10.1016/j.lindif.2009.10.001

Level

Brief Definition

Example

mini-c

Novel and personally meaningful
interpretation of experiences,
actions, and events

little-c

Everyday expressions of novel
and task appropriate behaviors,
ideas, or products.

Student’s new and meaningful insight
about how to use a strategy leaned in
math class to analyze data in her
science fair project.
Combining left over Italian and Thai
food into a new and tasty fusion of
flavors that your family enjoys

Pro-c

Expert expressions of novel and
meaningful behaviors, ideas, or
products

Enrichment Triad Type III Projects &
Student directed projects solving a
problem in the community (EPICS)

Big-C

Legendary, novel, and meaningful
accomplishments which often
redirect an entire field of study or
domain.

The scientific theories of Isaac Newton
or the innovative social justice work of
Martin Luther King, Jr.

Everyday Creativity
• “Our creativity is often under recognized, under developed
and under rewarded in schools, at work, and at home. Why
is it, after all, that in so many schools students are trying to
get 100% on someone else’s test and not making up more
questions of their own?” (Richards, 2007, p. 26)
• Teachers “favorite” students were often describe in terms
opposite of traits found in creative children (Richards, p. 34)
Richards, R. (2007). Everyday creativity: Our hidden potential. In R. Richards, (Ed.),
Everyday creativity and new views on human nature (p. 25 – 54). Washington DC.
American Psychological Association.

Everyday Creativity
• Not optional; essential for survival and ongoing development
• Not limited to special areas
• A vital enterprise involving deep commitment, concentration,
and risk taking
• While at first unsettling, it can open, integrate, and heal
• Connects us in meaningful ways to our world
• Reaches deep into the mind, body, and soul
• Not a neutral or safe activity; encounters both internal and
external obstacles.

Personal Creativity*
• Creative potential is part of human nature. Key factors:
– Interpretation

• Construct meaning/develop understanding based on experience
• Mindful involvement and effortful processing

– Discretion

• When to be original/when to conform
• Risk assessment, investment/opportunity costs

– Intentionality

• Intentions are driven by values, motivation, socialization

Runco, M. A.. (2007). To understand is to create: An epistemological perspective on human
nature and personal creativity In R. Richards, (Ed.), Everyday creativity and new views
on human nature (p. 91 – 107). Washington DC. American Psychological Association.

From Concepts to Classroom

Beghetto, R. A., Kaufman, J. C. & Baer. J., (2015).
Teaching for creativity in the common core classroom. New York: Teachers College Press

• Everyone has creative potential
– Creativity is an innate attribute in all of us, essential for our well
being

• Creative thinking involves serious academic work
– Requires follow-through, effort, and mastering the domainappropriate content

• Creativity is compatible with standard-based leaning
– Common core is about skills and understanding – things that
can’t be memorized

Creativity in the Classroom
Mini-c: Personal Creativity
• Infuse opportunities for mini-c creativity in everyday,
academic-subject matter; knowledge and understanding
are constructed by the individual,
• Slow down and listen: “The rules of teaching have
changed; I now wanted to hear the answer I could not
invent myself…Indeed, the inventions rumbled out as if
they simply had been waiting for me to stop talking and
begin listening.” (Paley, as cited in Beghetto, Kaufman, & Baer, 2015,
p. 24).

Creativity in the Classroom
Little c: Everyday Creativity
Provide space and time for students to work with
newly learned concepts
– Small group discussions help students articulate and
refine mini-c ideas combining with and connecting to
academic concepts
– Report out to a larger group – questions and
elaborations
– Rationale – an opportunity to clarify, amplify, and
validate ideas

Nothing New

National Education Association (1894). Report of the committee of ten on secondary school studies
with the reports of the conferences arranged by the committee, New York: American Book Company

•
•

Teaching should “exercise the pupil’s mental activity” and “rules should be
derived inductively instead of being stated dogmatically” thus rules should
follow rather than begin a topic.
Special report on arithmetic:
– A radical change in the teaching of arithmetic was needed. It should be
“abridged by omitting entirely those subjects which perplex and exhaust
the pupil without affording any really valuable mental discipline
– Examples “not intelligible to the pupil should be omitted”.
– Examples and exercises should reflect the environment of teacher and
students

Reference: The Committee of Ten
http://csmc.missouri.edu/PDFS/CCM/summaries/comm_of_10_summary.pdf

Four C Model of Creativity
Kaufman, J. C., Beghetto, R. A., Baer, J., & Ivcevic, Z. (2010). Creativity polymathy: What Benjamin
Franklin can teach your kindergartener. Learning and Individual Differences. 20, 380-387.
DOI:10.1016/j.lindif.2009.10.001

Level

Brief Definition

mini-c

Novel and personally meaningful interpretation
of experiences, actions, and events

little-c

Everyday expressions of novel and task
appropriate behaviors, ideas, or products.

Pro-c

Expert expressions of novel and meaningful
behaviors, ideas, or products

Big-C

Legendary, novel, and meaningful accomplishments which often
redirect an entire field of study or domain.

To Understand Is To Invent
Jean Piaget 1948
On the teaching of Mathematics
“…working out a truly modern method for teaching
the new mathematics. This would involve…
inducing him to rediscover as much as he can
rather than simply making him listen and repeat.”
(p. 19)

To Understand Is To Invent
Jean Piaget 1948
On the teaching of Science
“It is not the experiments the teacher may
demonstrate before them, or those they carry out
themselves according to a pre-established
procedures, that will teach students the general rules
of scientific experimentation…for an experiment not
carried out by the individual himself with all freedom
of initiative is by definition not an experiment but
mere drill with no educational value.”(pgs.19-20)

College and Career Ready?
“"The Air Force Academy is a good example...where they came to us
with a problem and they said 'our cadets come in here; they're

smart kids. They come out knowing more, and they get
worse on absolutely every scale of being good problem
solvers, of being creative.' They know more and can function less,
in a way. And they're very worried, because the person that they
need in the military just like other things, for the future, isn't
somebody who just follows rules. They need to understand
those and be able to create their own flow of them. So having
them engaged helps us get on the forefront of things.“

2007 bi-annual conference: International Community of Teachers of Mathematical Modeling
and Applications, Richard Lesh, Professor of Learning Sciences, Cognitive Science, and
Mathematics Education, Indiana University

Ask Questions

