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The article proposes a radical change in the methodology of mathematics learning.
It's about proposing to the students open challenges in which they have to create
their own innovative product. During the creation process the students will have to
acquire the mathematical knowledge required to carry out their product. The
learning process will be adjusted to the different student's capabilities. The teacher's
role is to guide, give advise and help to improve.
INTRODUCTION
The mathematics teachers regularly propose closed problems to the students. That is, problems that
require a certain resolution technique with a unique possible answer. For example, students with
knowledge about the concept of derivative have the challenge of finding the measures of a fence to
build a maximum rectangular area of a farmyard using a wall.
In that kind of exercises all the data is given to the student so there is no room for improvisation,
decision-making and much less for creativity. The solution is always unique.
Creativity is usually conceptualized as a form of divergent thinking involving the generation of
multiple answers to a given problem (Guilfor, 1967). For example, the same exercise proposed to
students who don't know the concept of derivative. In that case the different strategies used by the
students would be evaluated: the usage of ropes, to make cardboard models, to use spreadsheets and
even to test it by using dynamic geometry software. In any case, the problem is still closed, the
solution is unique and there is no real room for decision-making.
A mathematics teacher would never let their students freely choose the shape of their farmyard, with
no restrictions or calculate the area or even think about its cost and defend their proposal in front of
their classmates with solid mathematical reasoning and tools and considering all the consequences.
In that case the solutions are multiple and they depend on the students creativity. What do we fear?
CREATIVE ACTIVITY CHARACTERISTICS
Jaume Plensa in his art installation silhouettes (human shape) 2011-2012 states that "imagination is
more important than knowledge" but knowledge is essential in order to develop the imagination.
Pablo Picasso, in an interview published in the "New Masses” March 13, 1945 affirms that all
creation is the result of his thinking but he must learn the techniques necessary to carry it out. Our
proposal is based on these ideas.
Maverech and Kramarski (OCDE 2014) argue: “innovative societies require creativity in
mathematics as well an in other domains. The approach to mathematical communication has also
changed, with students in all age groups being encouraged to engage in mathematical discourse and
share ideas and solutions as well as explaining their own thinking”.
For us, a creative activity is a completely open activity from all points of view. Students should take
all decisions and consider a solution. The result is completely unpredictable by teachers who help
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them to find the most appropriate mathematical tools for each project, either individually or in
groups. Furthermore, teachers should understand the assessment not only as the evaluation of the
final result but also mutual reflection to find strategies in order to improve both, the process and the
outcome. Torrance (1966) gives us the keys to this assessment: flexibility, understood as the ability
to modify strategies to obtain original results is the key to learning. Students should be able to
defend their ideas in front of their classmates and their proposals should generate a process of
discussion to improve respect for colleagues and personal growth. Finally, creative activities should
deal with situations closer to the students.
EXEMPLES
Mathematical photography
A tool that allow you to work in mathematics by enhancing students' creativity is mathematics
photography. The authors of this paper are part of a group of teachers that promote and organize a
photography competition organized in Catalonia which involves more than 200 schools (more than
20000 students). This competition aims to provide an educational tool for learning, a creative and
flexible one. You can see the result of this work in the website www.fotografiamatematica.cat. The
potential of photography as a teaching tool is huge, as you can see on the website. We'll show you a
very simple example of its use:
When the teacher asks activity on learning the concept of fraction, he/she usually asks for written
representation of these drawings (Fig. 1) and 100% of students aged 11 do well this kind of activity
by relating the first drawing to 4/5. But if we ask the same students to take a totally free picture
about a fraction, most of them take a photograph similar to Fig. 2, identifying this image with the
fraction 2/5.

Fig 1: example of drawings about fractions.

Fig 2: photo by a student aged 11. Is it a fraction?

Obviously they have not understood the concept of fraction, so the previous activity is a teachinglearning failure. Apparently, the students seem to dominate the fraction idea but they only count
integers and never understand that what they should be doing is dividing the unit. The photography
activity, which allows students to express a concept freely and to use their own creativity, lets us
teachers discover their shortcomings. Furthermore, if the student try to defend their pictures in
front of their colleagues, all of them will discover that a fraction is another thing. Thereafter, all
students should do not fraction activities from drawings in the textbook or on the board, but work
from photographs which they have taken with totally freedom and which are closely related to their
world. For example, they should explain mathematically the meaning of "equivalent fractions"
using the next picture (Fig. 3):
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Fig 3: “Equivalent fractions”, Ona Aguilera, aged 11, 3rd award. 2011
Musical scale
Choosing frequencies that determine the musical scale is a mathematical problem that is still open.
We know that historically the scale of 12 notes come from a Pythagorean strategy which is based on
stringing the first harmonics of each new note incorporated in the scale from a certain frequency.
This system is imperfect because it does not close well, ie: after the last note, when we re-start the
new scale (one octave higher) we find that the interval between this and the first note it's not the
same that there is between any other notes (historically known as the wolf fifth). The tempered
scale, adopted at the time of Bach, solves this problem but does not respect the sequence of
harmonics, so it is imperfect from musical point of view. (Vincenzo Galilei, father of Galileo
already had a dispute with Zarlino on these facts.) Nowadays, the problem has not been solved yet.
Raising this issue to students with all its mathematical content of successions and progressions
gives them the opportunity to study a completely open problem: To propose a new musical scale
and justify it mathematically. To make a musical composition with computer technology and
performance it. This mathematical activity with 16 years old students offer us incredibly surprising
results. Students develop their imagination and we get creative proposals while providing a deep
learning of mathematics.
The decanter
At a higher level, with 17 years old students, it can be considered a work of creating a wine bottle or
decanter. Based on the parameters which determine the fundamental properties of a function, that is
concept of area and volume of revolution (integral), students should invent and generate a new
bottle or decanter freely. Computer technology will be essential in this case.

Fig 4: GeoGebra tool
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Other examples
Creative activities should not be an exception in the development of teaching, they should be a
habit, and from this point of view we can consider many examples: Working concept of volume
designing and creating freely a soft drink can, working proportions by coking small recipes in the
classroom, creating and building polyhedron with recyclable materials by previously analyzing all
its properties, to create musical instruments by looking for it's scale, to plan trips and excursions,
etc.

Fig 5: performing her instrument made by herself
CONCLUSION
Creativity is not an anecdote of a specific isolated mathematical activity, creativity is the essence of
mathematics. Often, mathematics teaching approaches are wickedly static and rigid. We need a
revolution in teaching of mathematics: teachers should be daring and respectful with the ideas of
their students, tey should be able to guide and promote students' own ideas because our society
needs people with creative training who will able to find unusual solutions to future problems of
society.
Everybody is different and has different abilities, working mathematical concepts from the students'
own creativity permit to adjust a better learning to their cognitive needs. Each student learns and
evolves by using its own capacity and by developing his/her best skills.
By definition, creative strategies are flexible and so they can be improved. The study of the
potential for improvement is the essence of the evaluation, an assessment that is integrated in the
teaching-learning process in which all actors that are part of the learning are likely to be assessed.
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