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When you think of creativity , what comes to your mind? Maybe you
remember painting a picture, or you think of a special piece of music
CHALE that you listened to or maybe even composed yourself. At some point,
s at least one of your teachers probably said something like “Let's be
creative!”. Then, it was up to you to decide how to work on a task.
What makes creative projects truly special is that, in the end, eacho f
your classmates creates something unigue. But have you ever heard
your math teacher encourage you to be creative? We guess that
the answer is “No”. Why is it generally thought that creativity is so
important in arts, but not in math? That is the question we are going

to explore in this article. By taking a closer look at some examples of
math tasks, we will describe four abilities that you need to be creati  ve
in math.

YOUNG REVIEWERS:

ELIZA

AGE: 15

BEING CREATIVED THINKING OUTSIDE THE BOX

First thing rst, everyone can be creative! However, people die rin
how often and how much they express their creativity in every aspec t
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PSYCHOLOGISTS

Professionals who
study human learning
and behavior.

of their lives. So, you might enjoy being creative while singing , while
someone else shows creativity when doing sports. We mostly love to
get creative in math. But what does everyone have in common? What
exactly does it mean to be creative?

Psychologists started dealing with this question about 70 years
ago. One of the most famous creativity researchers was Joy Paul
Guilford, who lived in the USA from 1897 to 1987. His groundbreak ing
ndings still inspire researchers worldwide to conduct new studi es
on creativity. Guilford argued that creativity helps people when th ey
do not know how to solve a problem. In those situations, they are
challenged to think outside the box . This means to consider new
perspectives and explore original strategies for solving a pro blem [1].
The Latin word for this process is creare which, in English, means to
create or to make something. This is where the modern concept of
creativity comes from.

WORKING CREATIVELY ON MATH TASKS

People can get creative when drawing a picture, inventing a game, o r
trying out a new recipe. However, you can also get creative in sci ence
and math. In 1945, Jacques Hadamard was the rst mathematician to
point out the overlap between the (psychological concept) creativ ity
and math [ 2]. What does this mean? Sometimes people might solve
a math task dierently from the way they learned or from what
their teacher expects. Have you ever encountered math problems
that you did not know how to solve? This can happen even if
you have already learned many strategies and memorized importa nt
formulas—sometimes all of this knowledge is not enough to solve a
math problem. This is where you must get creative and come up with
something new. Let us look at a few math tasks and decide if we need
to get creative when working on them.

Task 1: Solve 185C96

Do you immediately know the answer to this task, or is it challenging
enough to get creative? Well, for us, the task was easy: We know that
96 is close to 100 and adding 100 to another number is simple. The
next step is to subtract 4, so 185 C96 D 185C 100 4 D 281. We were
not creative in solving this problem because we knew a trick. Such
simple math tasks are not suitable for creativity.

Task 2: The school year is nally over! Four friends are so thrilled th at
they each want to give everyone a high ve. How many times do the
friends slap hands?

Can you be creative while working on this task? The solution to this
task did not come to us right away. While we were pondering, suddenl vy
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Figure 1

As one creative
approach to this
problem-solving task,
we could draw a sketch
like this one to gure
out how many times
four friends slap hands
while giving high ves.
Of course there are
several other ways to
gure out the answer.

COMMUTATIVE LAW

A computational law
stating that you may
swap the order of
numbers in addition

and multiplication
facts,e.qg.,3C1D1C3
and2 4D 4 2.

SUMMAND

A number that is added
to another number. The
following applies:
summand C summand
D sum.

Figure 2

When working on this
open task we need to
be creative, because
we do not have a set
approach for nding
di erent arithmetic
facts.

an idea popped up: we could draw a sketch and use it to easily count
the high ves ( Figure 1).
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Figure 1

By sketching out the problem, we arrived at a total of six high ves.
How did you handle the task? You may have used a completely
di erentapproach. In any case, we all ended up being creative b ecause
we had to think outside the box, by nding our own way to tackle the
task. So, problem-solving tasks like this are suitable for getting creative
in math [ 2, 3].

Task 3: Find di erent math facts that contain the number 2, with th e
result of 48.

Can you be creative with this task? We would say so, even though this
task is di erent from the previous problem-solving task. Becau se we
did not have a set strategy for nding di erent arithmetic facts, we had
to get creative ( Figure 2). To begin with, we came up with the division
task96 2 D 48 because we love dividing numbers. Next, we wanted to
change the operation from division to addition, which is why we wrote

2 C 46 D 48. Then, we had the idea to use the commutative law , and
ended up with 46 C2 D 48. Finally, we decomposed the rst summand
into two numbers and therefore noted40 C 6 C 2D 48.

™ ™ Swapping = =
Favorite Change of PP iti
h —>06:2:=48— 8¢ —>2+46=48— | (commutative |~ 46+2=48 — [Decomposition|— 40+6+2=48
operation operation law)

Figure 2

How did you work on this task? You probably had many more
ideas for collecting various facts. Such math tasks are called
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OPEN TASKS

Math problems that
requires various
solutions and
solution methods.

FLUENCY

Producing various ideas

when working
creatively on
problem-solving or
open tasks.

FLEXIBILITY

Showing an individual
set of types of ideas,
i.e., di erent “boxes”
with matching ideas
that are generated
when working
creatively on
problem-solving or
open tasks.

open tasks, and they are characterized by the need to nd many
di erent solutions. In doing so, everyone can be creative in hi s or her
own way [ 3].

FOUR CREATIVE ABILITIES

In the last section, we hope you learned a lot about the meaning of
creativity. When people are creative, they think outside the box. Th isis
something we all need in every aspect of our lives. In math, youca nbe
creative when working on problem-solving tasks (like counting hi  gh
ves), open tasks (like producing facts) or other math tasks that ar e
new for you. However, what exactly do people do when they work
creatively on math problems? What exactly does it mean to “think
outside the box"?

To answer these questions, we can look at Guilford's research
once again [1]. He and many other researchers de ne creativity as
the interaction of four abilities that everyone develops individ ually:
uency, exibility, originality , and elaboration [4]. Let us look at
these challenging terms more closely in relation to the task from
Figure 2.

Fluency

When working on the task, we had various ideas that led to di erent
facts with the number 2 and the result 48. In Figure 2, we wrote
some ideas on notes (e.g., our favorite operation, change of ope ration,
commutative law, and decomposition). You probably had some othe r
exciting ideas. Sometimes these ideas just pop into your head. Oth er
times, you may need to think a bit more deeply. Either way, everyone
who solved this problem likely had a highly individual ow of ideas .
This ow of ideas is what creativity researchers call uency .

Flexibility

If we explore the ideas of di erent students, we uncover something
interesting. It is possible to sort all the ideas so that similar or
matching ideas are collected together in “boxes”. You could imagin e
there is a box labeled “Operation” that contains all ideas concer ning
the arithmetic operations used (e.g., favorite operation or chang e
of operation). A second box could be named “Laws”, and it could
represent all ideas in which mathematical laws were used (e.g.,
commutative law). Creativity researchers call these boxes types of
ideas. For any math task, there is a unique variety of types of ideas.
Every student will show a unique set of types of ideas. This is what we
call exibility . The more types of ideas you come up with, the more
exible you are.

Originality
If we take a closer look at the various ideas everyone came up with,
some ideas may occur more frequently, while others are mentioned
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ORIGINALITY

Producing so-called
“clever” ideas, i.e., rare
or mathematical
ambitious ideas, when
working creatively on
problem-solving or
open tasks.

ELABORATION

Explaining the various
ideas verbally or in
writing to

another person.

Figure 3

Working creatively on
math problems involve
four abilities: uency,
exibility, originality,
and elaboration. These
creative abilities are all
connected to each
other.

rarely. Guilford calls rare and mathematical ambitious ideas clever
ideas. Creativity researchers say that people show originality when
they present one of those “clever” ideas. So, the more rare oramb itious
ideas you have, the more original you are. But beware: if many stu dents
work creatively on a math task, more diverse ideas will be generated
This makes it more challenging to come up with “clever” ideas and
consequently, to be original.

Elaboration

The various ideas you come up with start o in your mind. Until
you write down and explain your ideas to a classmate or your math
teacher, other people cannot fully understand them. So, itisimp  ortant
to describe your ideas in depth. Creativity researchers call the ab ility to
explain your ideas elaboration . When you explain an idea aloud, you
may come up with another (“clever”) idea right away. This means that
your elaboration a ects your uency, exibility, and original ity. Thatis
why elaboration is so important for being creative.

In the explanations of the four creative abilities, you probably n oticed
that all the abilities are related to each other [ 4]. These connections
are illustrated in Figure 3. Your individual ow of ideas is the basis for

your creativity ( uency). Within your various ideas, you show d i erent
types of ideas ( exibility) and “clever” ideas (originality). In addition, you
should try to explain your ideas to others (elaboration).

Figure 3

CONCLUSION

The title of this article posed the question “Do we need creativity
in math?”. Having now explored what creativity means in detail, we
hope you can clearly see that the answer to this question is “Yes”.
Just as in many other areas of life, everyone can be creative in math.
Creativity means to think outside the box and you need it when you
do not know how to solve a certain problem-solving task or opentas k.
There are four closely related abilities that helps you being cr eative
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when working on math problems: uency, exibility, originality, and
elaboration. At least for us, creativity is exactly why we love doin g math
so much. So let us all strive to be more creative in math!
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YOUNG REVIEWERS

CHALE, AGE: 12

My name is Chale, and | am 12 years old. | enjoy playing football and pulsing-on
Genshin impact. Additionally, | have a pet cat named Kun who bringsal ot of joy into
my life.

ELIZA, AGE: 15

My name is Eliza, | am 15-year-old from Hangzhou, China. Right , the ower girl in

the classic “Pygmalion”. She is brave and tenacious, that is my mode | who | look up
to. She loves reading and writing, so do I! In my spare time, | have bee n learning
horse-riding for a couple years, which give me the chance to feel the pulse of
another life just like us. It is a wonderful way to connect with  nature.
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