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Chapter 1
An introduction to the concept of non -formal Mathematics

1.1 Non-Formal Mathematics

How can we define the concept of non -formal learning/education?

The ter af cbrnmbanl educati ondé goes way back, to
Coombs and Ahmed used the term for the first time. Coombs and Ahmed,
determined that learning and education could be equated, despite how,
where, and when the learning process occurred (Mok, 2011) . Non -formal
learning can be defined as a form of learning which occurs outside
the classroom, separate from the f ormal school system . In other
words, outside the parameters of traditional learning institutions and
structures. Thus, an educator together with a
and learning outside the formal system. The terms community learning,
adult education, lifelong learning can be used interchangeably in non -formal
education (Khasnabis et al., 2010) . Non-formal learning is abo ut,
recognizing how important learning, education, and training outside the
standard educational foundations, are (What Is Non -Formal Education?
2015) . Moreover, non -formal education is used in the procedure of lifelong
education of individuals, as an addition, an alternative approach, or asa
complementary learning method to formal education. It is not used as a
replacement for formal approaches. Non -formal learning guarantees
providing access to education to all individuals of all ages (Non-Formal
Education , 2020) . Thus, non -formal education and learning refer to a
relatively methodical type of learning, which is not necessarily pre -planned.
Similarly to formal learning, non -formal has as a target for learners and

teachers to achie ve specific learning tasks (Mok, 2011)



As we all know, there are different methods when teaching different
learners, and different topics that can be taught in a different setting with a
different approach. By introducing non -formal learning, teachers and
students become equal. In other words, there is no need for students to call
the teacher 6Siré or OMissd6 and a studentos s
teacher 6 s s c hfendalléaming fdduses on the empowerment of a
learner in achieving more and challenges both the student and the edu cator
to come up with a variety of ideas, to listen as well as argue with each other
(Spiteri, 2016) . It is important for all of us, to recognize non -formal learning
and education as an indispensable part of the process of education and
acknowledge the influence non -formal learning can make in educational
organizations. Non -formal learning can be considered as an essential part of
the concept of lifelong learning and can ensure that learners preserve the
skills a nd abilities which are needed in adapting to a repeatedly changing
environment. The collection of non -formal teaching tools and different
learning structures can be seen as an innovative and creative alternative to
the classic and traditional teaching sche mes. The benefits of introducing
non -formal approaches include getting a chance to experiment and take
responsibilities through engaging in non -formal education; being able to
develop enthusiasm and curiosity towards the learning process; learning to
work together in a team, and build decision -making skills. Furthermore, an
educational process based on non -formal learning can help in the
development of personal and social skills, through the experimental process
(Non-Formal Education , 1999) . Through the development of the personal
and social skills of each individual, teachers can help the children boost their
self -esteem. A healthy critical attitude of the surroundings can be developed

by each individual 6s |l earnipngfi@Whdt cdm@lormer in

Education and Why It Is I mportant, o 2018)
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1.2 Mathematics in Kindergarten

Kindergarten math has as a main goal to prepare preschool children
for the mathematics they will come across in first grade. Preparing children
for this next step requires much more than just handing children worksheets
and books. Young children will start to recognize and understand abstract
concepts and symbols after they experience ideas. These experiences will
integrate their senses by experimenting and making observations which
allows them to examine a topic even further. Children learn math by
graspin g the concepts at their own pace. It is suggested that children return
to previous tasks and try to solve them using a distinct way. Moreover, in
order for preschool children to understand new math concepts and abstract
ideas, they need to practice using ¢ oncrete objects, such as blocks, sticks,
counters, etc. Teachers should ensure that before being able to use the
mathematical methods for guided math activities, children take a sufficient
amount of time. Using mathematically based activities and games is a good
opportunity for children to build a math vocabulary as well as connect
mathematics to their everyday experiences (AHow to Teach Kinderga

Preschool Mat h, 0o 2019)

The playful approach to math T Modern approaches in teaching

mathematics:
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The concept of play is usually considered as a less academic activity
and is frequently limited to young children and students when learning
mathematics. On the other side, mathematics is known as a disciplined,
logical, and boring subject i as considered by students most of the time.
However, since learning through play is an acceptable pedagogical approach
in kindergarten, educators should set up their teaching on this learning
approach. While playing, childrenimay reach
indefinable state of mind where time seems like disappearing when being
deeply focused on what they are doing. To get to this optimal state,
childrenés mind requires freedom of play but
to childrenbés ideas, and guidance through not

counti ng. Offering direction while creating freedom allows productive play
which helps children open their minds and understand better the more

difficult mathematical concepts. We can conclude that the amount of play in

mat hematics, a fAser i ouisidversely grdportomaktotleu b j e ct

age of the children/students. This means that, the older the children the less
the amount of play in the process of learning mathematics. Nonetheless, this

does not have to be the case (Oldridge, 2019)

We aim to create a culture where ideas based on mathematics are not
6just formulae on a paged but instead
concepts. This encourages children to reason, talk, think, and wonder as
they go through a problem while creating a sense of curiosity T even for
simple and easy concepts T which helps to playfully engage children. For
most problems, there is no single approach or path to its solution, and this
generates an interesting, surpri sing, and fun side of mathematics. Thus,
teachers should be open to different thinking and to new ways used in
solving a problem, to therefore adopt a culture of curiosity in openness to
the unforeseen. In order for children to set a mindset that helps the m

improve their comprehension of complex math concepts, teachers could set
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a playful, hopeful, and optimistic math approach. Observing the children as

they work on their own or in teams helps the teacher understand how the

children are adapting to new challenges. Furthermore, to improve math

teaching, listen, and talk to your chi Idren while they play/work. This will

all ow you to understand each chil deésslvingay of t
process. Play generates spaces, which are open for thinking where children

can be guided in engaging with interesting and exciting concepts o f

mathematics (Oldridge, 2019)

Improving the teaching of mathematics in kindergarten:

Teachers may use as a starting point for their preparation and decision
maki ng, their st ued Resousds that agp belused as @ starting
point include mathematical reasoning, language, listening and reading skills,
as well as being able to cope with complex concepts. For children to develop
context -related strategies, they need to envision the s ituation/events where
the problem is set in. In this case, they can use their knowledge and
experiences as the key basis for the aforementioned development of
strategi es. l nstead of rejecting an 6alternat
i deas 6, aonrdi zciantgegi t as fAwrong thinkingo, teach
view them as an ordinary and necessary step i
concept formation. Teachers can provide several opportunities for them to
learn from their errors. For instance, by formu lating a discussion where
childrends attention focuses on the difficuldt
asking the children to share their thinking, their understandings, or solution
strategies to compare and re -examine their solution. Kindergarten children
develop ideas about mathematical concepts by engaging with math -related
tasks, which helps them discover the scope of making sense of mathematics.
Furthermore, learning experiences allowing original thinking, encourage
students to be capable learners of impo rtant mathematical concepts. Instead

of encouraging single -minded tasks, teachers should offer opportunities to
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children to struggle with concepts so that a variety of increasingly
sophisticated mathematical processes is developed. Children should be
encouraged and supported by teachers in creating connections between the
distinct ways of problem  -solving, between ma thematical concepts and
representations, and between mathematical concepts and everyday

experiences (Anthony & Walshaw, n.d.)

It is necessary for educators to understand how the learning of
mat hemati cs is endorsed by young chil drenods
how chil dren can support best this | earning.

can be maximized if adults help them reflect and represent on their

e

everyday experiences. Moreover, Ol earning thr

fundamentally good pedagogy in the learning of mathematics for young

children. A figoodo mat hemat i cs-talRmanatgrmagy i ncl
product ive disposition development, mathematical modeling emphasis, the

use of tasks that are cognitively challenging, and a formative assessment. A

good mathematics pedagogy can be endorsed when teachers engage and

encourage children in activities across distinc t areas of learning through a

variety of mathematically  -related activities. The activities should be child -

initiated:; in other words, rise from a chil d

and everyday experiences. The features describing a good pedagogy requi re
a deep understanding and should advise the distinct ways on how educators

can engage kindergarten children in such mathematically -related activities
such as play, project work, story reading, physical, and art education. When
teacher s f oc usmathematical sehse | -gnaksg, can best realize the
potential of such engaging activities for the development of mathematical

proficiency. Furthermore, one of recreaMATHS aims is to maximize

opportunities that engage children by providing a range of tools, su ch as

digital tools to help in facilitating learning (Dooley et al., n.d.)

u
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The foundation of a childds very first mat

chil dés play and its interests. Most children

takes place during play or playful activities that deliver the key contexts of

mathematics. During the child renés free play, they may spon
engage in several mathematical concepts, which some of them can be quite

advanced at some levels. Children may even play with math itself. The idea

of the play depicts a context where children

are able to reflect on  their former experiences,
connect experiences together, represent the
experiences in distinct ways, explore different
possibilities and create meaning out of them.
Mathematical thinking has a strong connection
with these procedures and may be inspired by
childrends experiences.
and notions are encouraged through the

context of the play. Through this context of

play, children can discover discrete

mathematical ideas while teachers can be

Saurce:
provided with a context that develops and https://mcosnon.wordpress.com/201
support s t he chil drenos iiadilesa 6/02/02/logicatmathematical

intelligencenumberreasoningsmart/

in general 1 have a critical role with the

children they interact with. Their role is to help children reflect, as well as

help them talk about their experiences while playing, to help them maximize

their learning  potential. This promotes and encourages children to think

mathematically including mathematical learning. From this point of view,

sensitive structuring of a childbs play as we
both seen as an important element to a good m athematical pedagogy of

young children  (Dooley et al., n.d.)

Key points summarised:
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o _ ® g0 @ 4 _ 0 e g _ 0 Lo


https://mcosnon.wordpress.com/2016/02/02/logical-mathematical-intelligence-numberreasoning-smart/
https://mcosnon.wordpress.com/2016/02/02/logical-mathematical-intelligence-numberreasoning-smart/
https://mcosnon.wordpress.com/2016/02/02/logical-mathematical-intelligence-numberreasoning-smart/

..'Qv. ...'Qv. ...'OVQ ...'
® .o @ ® .o Q ® .o @ o *
o o o 5 ® 0 11 ® 0
1 For educators to comprehend the way the learning of mathematics is
promoted through the engagement of young children while playing, as
well as how teachers can best support this specific learning.
1 Good mathematical pedagogy features can be acknowledged with
reference to strong principles which relate people and relationships, and a
| earnerds environment with the | earner.
1 The features along with the principles of a good mathematical pedagogy
for kindergarten children (aged 4 -7 years) relate to a variety of early
educational settings which, on their side, are significant in the promotion
of continuity in the pedagogical methods across all distinct settings

(Dooley et al., n.d.)

An example: The perception of mathematics in a Swedish preschool:
In 1998 the first curriculum -based iteration was produced, and since
then the Swedish preschool curr iculum has had clearly specified objectives

about mathematics. Nonetheless, the aims are not objectives to be reached

by children, but rather to be strived by the preschool itself. The emphasis of
mathematical concepts was for teachers and preschool staff in general, to
notice and consider mathematics in the everyday circumstances of

preschool. In other words, to better comprehend their own views about
mathematical concepts and to assess the contribution offered by the

preschool on chil dr eavdlopmenta (Johanssan, 2015n |. d

Examples of mathematical concepts taught in a Swedish preschool T a

curriculum change:
The main aims of the preschool are to ensure that each of the children:

- Develops an understanding of concepts such as shapes, space, direction,
and location, as well as the basic properties of quantity, order, sets, and

number and lastly notions such as direction, change, and time;

¢« o ¢ ¢ o ¢ ¢ o ¢
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- Develops the ability to investigate using mathematical concepts an d

reflect over, as well as test, the different solutions of problems which
were raised by themselves or by other
children;

- Develops the ability of expressing,
examining, distinguishing, and using
mathematical concepts and their
interrelationships;

- Develops math-r el ated skil

putting forward and the following

reasoningo.

I n order to develop further the debate of
children in preschool should bed, Johansson c
practice to cultural practice. The auth or discusses that mathematical activity
and mathematical practice are both cultural. Thus, the mathematics that

takes form in this culture can be derived by dealing with quantities and the

spatial understanding of the environment. A cultural understanding of
mat hemati cal concepts can be connected to the
developing a mathematical understanding (Johansson, 2015)

Mathematics ina  cultural context

We can say that the learning of mathematics, explicitly, is formed by
the shared understandings of oneds cul ture. I
comprehend mathematics and know how to express the knowledge gained in
the classroom, needs to explore all dist inct paths. Moreover, language and
culture can play a tremendous role in the way a child learns to count
(Making the Connection between Culture and Mathematics Northwestern

University | School of Education & Social Policy ,nd.) .

What are Art and Culture and how can it be linked with mathematics?
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Culture can be defined as a set of ideas, customs, and social behavior
as well as the characteristics and knowledge of a specific group of people
(What Is Culture? Definition, Meaning and Examples | Live Science ,h.d) .
Most of the educators teaching subjects such as mathematics, assume that
mathematics is a non  -cultural subject. However, mathematics is not a
culture -free pedagogy. In some way, mathematics can be considered as an
essential component of all cultural contexts (dOENntremoninthis2015)
case we will use as an example of culture, art i defined as a huge
subdivision of culture, broken down into several creative activities and
disciplines ( ACul t ur e and t hl2ooleyrttalsekamin®tbelle@rhing
of mathematics through the arts, which as mentioned above, is a vast
subdivision of culture. They discuss specific ways in which li nks between
mathematics and the arts (visual arts, music, and drama) can be
established. Some examples include the following. Teachers can use the rich
context of culture in music to develop a chil
language. Through the classif ication of sounds and movement, children can
enhance their mathematical skills and understanding. Moreover, a strong
link between timing, order, rhythm, and beat of the music, and the concepts
of mathematics such as sequencing, counting, can be identified. By engaging
children to music, helps them in the development of other attitudes and
skills important to mathematics. This includes concentration, perseverance,

creativity, sensitivity and self -confidence towards other individuals .

Moving on to visual art s and mathematics. Both shapes and patterns
are important features of mathematics and visual arts. A significant aim of
the visual arts curriculum is the devel opment
enjoyment to and sensitivity of visual, tactile, aural and spat ial
environments, while also important is the awareness of the spatial and visual

gualities in the environment for the mathematical understanding. Likewise,

the enhancement of a childés ability to apply
e’ ©°6€¢ e’ ©°€¢ e’ °€¢
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life and in the environment is as significant (Dooley et al., n.d.) .For

instance, in Fran ce, there is an increasing tendency to have distinct
disciplines interact on the same subject [e.g., teaching Math, Physics, and

Technology while creating/building a weather station].

Mathematical notions based on cultural perspective as well as art allow
children to appreciate and reflect on their own culture while also,
appreciating the traditions and culture of others. To benefit from these rich
cultural experiences implies that students are exposed to several
experiences as well as cultural resources. Kindergartens could set as an aim,
to help children learn about their culture and the culture of others through
activities which determine the connection between mathematics and culture
(d6Entremont ,To2®Xx%H)and a childds, an educator6

views about preschool math, is not a straightforward procedure and should

take time to accomplish this process (Johansson, 2015)
ifMat hematics is a way of thinking and wunde
and our world. It is a set of tools, a pair of glasses tha

Hyde & Bizar(1989).

‘ .
Y
I& Source:
https://oakfieldschoolsfederation.org/2020/05/r
3 eadto-singpart-2/

There is a continual increase in the kindergarten mathematical

education as well as an increase in the early childhood education in general.
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Several research findings confirm that te aching mathematical concepts in
kindergarten education can facilitate the transition from non -formal
kindergarten mathematics to formal elementary mathematics by providing
cognitive foundations in childrends capabilit

systematict eachi ng of #fAreal 6 mat hemati cal
stages. The low performance of children internationally in the subject of
mathematics, reflects the need for a distinct method to teaching the

mathematical notions, being different from the tr aditional method to learning
and teaching mathematics. Kindergarten children come to primary school

with knowledge based on informal numeracy which can be extended,

developed and enhanced through appropriately designed learning activities.
Subsequently, k indergarten educators can make the teaching of

mathematics more interesting by emphasizing in creating an innovative and

different learning environment (Papadakis et al., 2016)

concepts
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1 InGermany MathematiKum

Mathematikum is a mathematics museum, located in Giel3en, in
Germany. It was founded in 2002 on the initiative of Albrecht Beutelspacher
who, organising a seminar for future teachers, gave them the task of
creating a geometric model and explaining its mathe matical functioning.
Their commitment and enthusiasm made the professor of geometry realise
the importance of founding an innovative museum in the fields of
mathematics. After several temporary exhibitions, Abrecht Beutelspacher
was awarded a major prize by the Stifterverband fiir die Deutsche
Wissenschatft, an association that seeks to identify and meet challenges in
higher education, science and research. The idea of a "German mathematics
museum" was finally recognised by the nation and the project was laun ched
in 2002.

As soon as it opened, the attendance figures exceeded all their
expectations, they expected 60,000 visitors, and more than double that
number visited the museum in the first year. In 2010, the million -visitor
mark was even passed, showing tha t public interest has not changed over

time.

The Mathematikum museum is based on three pillars: mathematics for
all (all ages, all categories, with or without a passion for mathematics);
cooperative mathematics (where people can help each other); and, fina Iy,

practical and fun mathematics (where people experiment and manipulate).
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This museum offers multiple interactive experiments to better
understand mathematical concepts (from geometry to functions and
probabilities). These experiments are designed to be experienced by all ages
and t o stimulate all of our senses: we are offered to lock ourselves in a giant
soap bubble, to measure our size with the binary system, or to see ourselves
an infinite number of times. More than 170 new experiences are spre ad over

1200 a of floor space.

The success of the museum is explained by the fact that visitors are
really taken into account and are a significant part of their visits: they can
move freely and leave at any time. Furthermore, the mathematics presented
ar e taken seriously and the material conditions (buildings and facilities) are

subject to extreme vigilance (they are regularly maintained and restored).

At the same time, the Mathematikum is developing its traveling

exhibitions in Germany, France, and even more widely in Europe. There are
three of them: the first, "Hands -on mathematics", presents a selection of the
most popular experiments; the second, "Mini -Mathematikum®, follows the

general concept of the Mathematikum and is accessible from the age of 3;
and finally, the last, "What a coincidence! "offers experiments on the theme

of coincidence.
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Source : Mathematikum

1 InSpain , MMACA

The "Museu de Matematiques de Catalunya” (MMACA) was created in
2006 in Cornella de Llobregat, Catalonia. This museum is the only
mathematics museum in Spain and therefore represents a great opportunity
to unite and bring together its citizens around mathematics, bringing them

together through interactive experiences and manipulative activities.

When it was created  in 2006, the museum only had travelling
exhibitions, i.e. , it did not receive the public onsite but made its activities
travel around Spain. Today, there are more than ten travelling exhibitions,
with different levels of difficulty and on different themes such as intuition,

geometry or the tangram.

Alongside this activity, MMACA has opened its doors on the upper floor
of the Mercader de Palau Museum in Cornella since 2014. It covers an area
of more than 300 & , where you can find its permanent exhibition
"Mathematical Experiments". This exhibition is made up of games,
construction games and a series of elements related to geometry,
calculations and statistics or strategy. One of the museum's mottos is:
"Forbidden NOT to touch ", because the important thing f or this museum is
that people can manipulate and experiment with the elements they are

offered and perhaps change their minds about mathematics.

With the aim of reaching out to all audiences, the Mathematics
Museum of Catalonia seeks to cover both the play ful and the rigorous
aspects of mathematics so that the Catalan mathematics scene continues to

support it.
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In addition, MMACA is  increasing their European and international
projects in order to support the European mathematical culture and to

participate in the  development of frameworks that will subsequently favour

the learning and understanding of mathematics by students.

Source : Museu de Mate matiques de Catalunya

M1 InSweden , Navet Science Centre

The Navet Science Centre is one of four municipal associations in
Boras Sjuharad. This "informal region" was established in 1999 when a new
county - Vastra Gotaland - was created with the aim of safeguarding the
interests of the municipalities in the Boras sub -region. The region' s aimin

establishing the four municipal associations was to create a spirit of

¢ o ¢ ¢ o ¢ ¢ o ¢
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initiative, ingenuity, creativity and entrepreneurship among its 280,000
inhabitants. The Navet Science Centre was built precisely to participate in
and support the  development of the skills of the school staff by designing

teaching methods and materials.

This science centre covers more than 3500 & and raises awareness on
a wide range of subjects such as mathematics, astronomy, creative
technology, space creation and the environment (from climate to food and
agriculture). It seeks to reach out to all age groups by expanding its offer
and allowing anyone to manipulate, in order to offer continuous training of
the different subjects. For instance, offer training on the environment for
companies seeking to learn more about the subject, but also offer teachers
training which can be further explained to their students. Students of all
ages (from kindergarten to high school) can also come to the centre to do
activities invol ving mathematics and other scientific fields. In addition to its
permanent exhibition, the Navet Science Centre also offers several travelling
exhibitions for rental, particularly on the subjects of geometry, algebra, and
probability. This allows the knowl edge acquired during the permanent visit to
be deepened and internalized. Teachers particularly appreciate this offer and
many have now fully integrated it into their teaching: it allows them to
discover a new way of presenting science and to explain it mo re clearly to

their pupils.

The Science Centre is one of the 19 Swedish science centres grouped
together by the association Svenska Science Centres with the aim of
stimulating scientific curiosity. According to the 2011 Science Centre World
Congress statem ent, these centres and their scientific commitments are
based on three pillars: scientific knowledge, hands -on interaction and co -
creation of experiments with scientists and the public. Each year, the
National Agency for Education checks the quality of the science centres' offer

before offering them a national grant or not. In 2016, 2017, 2018 and 2019,
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the Navet Science Centre scored the first place , with atotal of 35 points out
of a possible 40  (in 2019).

Source : Navet Science Center

1 InFrance , Fermat Science

Fermat Science was founded in 1996 in the town of Beaumont -de-
Lomagne, near Toulouse, following the excitement and enthusiasm due to
Andrew Wiles' demonstration of "Fermat's great theorem" in 1995. From its
inception, Fermat Science has soug ht to promote mathematical culture in a
fun way to all audiences while linking this field to other cultural or heritage
knowledge. Indeed, the association relies on the history of its town and
surroundings as well as on the history of Pierre de Fermat to e nrich and

diversify its offer.

Fermat Science offers numerous workshops in the Maison de
Fermat, the place where Pierre de Fermat was born and lived occasionally.
These workshops always involve one or more mathematical concepts and
can concern both the pub  lic school (from kindergarten to high school) and

the general public. To name a few, the workshops may focus on maths and
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art like optical illusions, origami, stained glass and mosaics, or on maths and
cryptology or maths and puzzles, such as tangrams, pavements, labyrinths ,
etc. Fermat Science also travels and offers these same workshops in schools.

Some of these workshops are also available for rental and travel to schools,

colleges and high schools  all around France or other foreign countrie s. For
instance, the exhibitions Voyage en Mathematique  or Curiosités
Mathématiques , or kits like  Divertimaths, Festimaths etc. In addition, the
association presents an annual exhibition on a theme related to mathematics

such as coincidence , geometry or we ather and climate.

The association organises events
such as La féte des Maths , Femmes en
Sciences 82 , Matermaths or batiTMaths .
These events aim to give a different image
of mathematics on specific themes for
different audiences. Moreover, Fermat
Science, anchored in the local heritage of its
surroundings, also seeks to make its
contribution to the dissemination of
mathematical culture on a European scale.
To this end, the association participates in
European projects suchas S  TEAMbuilders

and Math Reality .

il

Source : Fermat Science

0 o T e g .
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Places of scientific heritage and culture are constantly redefining
themselves and rethinking their role in and for society as well as in their
relationship to the public. If the notion of "inclusive museum" originated in
the early 1980s in an Anglo  -Saxon professional community, this posture is
now widespread in the French  -speaking and European space. Beyond the
accessibility of certain spaces or the adaptation of systems, the museum
space is open to everyone, inside and outside the walls, in urban, peri -urban
or rural areas.

Museums of all categories are constantly redefin ing themselves
socially. The notion of inclusion is particularly questioned by museums at the
level of their institutional and public policy, but also of their cultural and
scientific communication project, their managerial policy and their economic
model. Over the last twenty years or so, there have been numerous
initiatives to include and make room for different audiences in museums,
thus creating new avenues for reflection on professional practices and the
evolution of professions. As an actor for and in society, the museum is, for
example, developing participative mediation, working on accessibility,
guestioning the representations of professionals and the public to be
"included". Partnerships with cultural, health and economic structures and
association s are being created.

Access to "culture for everyone" is one of the objectives of
democratisation. Making the place accessible and open to all people
regardless of their social origin, level of knowledge, or health becomes an
objective, in the name of the general interest. It concerns all cultural and
museum structures that are part of the public or associative service.

Individuals and citizens are equal and as such share common interests.
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The care taken in welcoming the public is reflected as much in the
design process as in the first moments of the meeting. Indeed, from the
very beginning, it is a question of creating confidence in order to put visitors
at ease. This consideration of the public continues afterwards by adapting
the discourse and a ¢ apacity to listen and be open.
The social and inclusive museum is a place where sharing and
exchange are privileged between the institution and the individual whether
they are local, disabled, socially distant or a tourist. A place for reflection
and debat e, in search of dialogue, highlights the identity of territories, their

rich heritage, cultures, people and their knowledge.

For students, the museum can help to motivate the study of
mathematics, from the point of view of the emotional approach. But it ca
also provide insights and tools to enrich those experiences that are the basis

of the formation of the mathematical idea.

If we start from the consideration that a session in the museum must

be special, exciting and motivating and essentially different from a school

activity, it is clear that the exhibits of an exhibition must be "special” by

size, design, materials and interaction.

In this case, the main goal must be to keep in touch and/or inspire
class activities and contents.
- Materials must be simple , easy to create.
- If possible, easy to be built by students themselves.
- New technologies, as 3D printers or the FabLabs network, can deeply and
quickly increase the possibilities to self -produce pull -up exhibitions.
However, an exhibit must immediately mot ivate an action (hands
or virtual) and communicate the basic concept that inspires it, requiring the

minimum instruction and intervention by the educator.

-on
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On the contrary, an exhibit has to stir discussion, exchange and
collaboration among the us  ers, to develop into the basic elements of making
a visit to the exhibition a real moment of learning.
Additional information (historical placement, uses, concepts involved
...) can be present as elements of the exhibition (panels, short videos, still
or m oving images, simulations on a computer ...) or entrusted to a virtual
visit through the museumo-spperedatsgcmgaator a f ol |
home, either individually or in groups.
Finally, a reflection is needed about the concept of proximity: with
ma terials, activities, relationship with the public and the territory, but also, if
not above all, with the concepts and the methods of mathematics. Most of
the society considers maths abstract, dry and distant. It is then fundamental
that, without trivializ ~ ing or spectacularising it, we can highlight aspects that
bring mathematics to each oneds experience an

aspects of discovery, resolution, and improvement of self - performance

This report is intended to provide a contributive, comprehensive, and
thorough preview of the scope, collection, and educational opportunities of
Math Museums. The consortium of the project has connected with the 4
prementioned Math Museums from 4 distinct European countries i Fermat
Science in France, MMACA in Spain, Mathematikum in Germany, and Navet
in Sweden 1 to contribute and to render assistance to the provision of
necessary information for the recreaMATHS pro ject. The Math Museum
experts were provided with a questionnaire of 5 sections: Museum Details,
Museum Scope -Aims-Vi si ons, The museumbébs coll ection a

Education and Training, and Mathematics at the museum. Despite all of
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them bein g museums with an identical area of expertise T being

mathematics 1 the responses of all four museums are inspirational and

significant. The creation of a report based on Math Museums aims to

increase educatorsd understandingndaof t he muse
popularize the educational methodologies and pedagogies developed in a

museum.

The following results were obtained by a google form questionnaire:

How many (on
average)
Museum Year of Area of
Country _ _ preschool
Name establishment Expertise
children visit the
museum
Fermat _ 5400 students
_ France 1995 Mathematics
Science (2019)
Mathematics
MMACA Spain 2014 / Hands -on 10000
material
Mathematikum Germany 2002 Mathematics 15000
Navet Science Mathematics
Sweden 1996 _ 2000
Center and Science

How about we have a broader perspective of
and focus individually on each question, starting with section 2 and the
museumds scope. Fermat Scienceds scope is to
non -formal approach for learning mathemat ics through the use of several
mathematical activities, such as games, visits, exhibitions, and workshops.
The museum has an aim to create an interactive mathematical space in the
birthplace of Pierre Fermat, to popularize mathematics with non -formal

tools , to promote and disseminate the topic of mathematics and create



27

educational tools. Similarly, MMACA in Spain has a scope to promote the

topic of mathematics and offer visitors a deep and exceptional mathematical

experience. They aim to promote mathematics, show the kind and powerful

aspect of mathematics, offer a joyfu | math experience as well as provide a

good vision of mathematics and support for their teachers. Moving on to

Germany, the Mathematikum museum has set its scope to give the

opportunity to as many people as possible i especially younger people i to

participat e i n mathematics. Last, Navet Science C
square meter exhibition space, focusing on topics such as mathematics,

water, astronomy, creative technology, maker space, sustainability Hub |

among other things; digital hybrid arena, 3 la bs, facilities for in  -service

teacher training. Navetodés aims include inspir
all visitors to learn, being an inspiration for mathematics, science, and

technology, helping teachers and schools develop new methods for teachin g

in mathematics, science and technology, and encouraging entrepreneurial

learning and action.

Mathematical Experience

SourceMMACA museum

Besides the muéeumsé aims, the visions tha
i mportant . Fermat Science museumds Vvision inc
mathematics, to show their objects and how they work in both historical and
recent discoveries, presenting mathemati cs in a fun way that is accessible to

as many people as possible, and emphasizing the links of mathematics with
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other fields of knowledge and culture. The visions of MMACA and

Mathematikum respectively, are to develop a pleasant reputation and

material which are highly rated, and for people (families, friends, etc.) to

come in their | eisure tivatermuseurm lthppiemat ho and |
Finally, Navet Scienceds vision is to be a no
collaboration partner for the realization of the sustainable development

goals.

Proceeding to section 3, the museums were asked about their main
collection of exhib its. Fermat Science responded that at the moment they

have the Szilassi and Pierre Fermat sculptures, exhibits of Fermat called

6enfant de | a Lomagnedmatd \Jayadg a nds 6rCaitrhi osi t
Mathémat i quesd. The most acknowledged exhibits
kindergarten children are mostly based on experiencing hands -on because at

such an age touching and handling are very important. Exhibits include a

space for games and manipulations, a mathematical manipulation tool in the

form of challenges, a mathemati cal workshop with big geometric shapes.

MMACAOGs main collection of exhibits consists
proofs, joyful puzzles and enigmas, polyhedral mirrors, dissection of

geometric shapes, and optical i Il usteons. Ki nd
exhibit is to build free structures or polyhedrons using big geometrical

pieces. Moving on to the main collection of exhibits of Mathematikum. The

museumbdbs exhibits raingwech raosn Qarzwd wéeéashec ube
investigation of an object y i for instance light and shadow or mirrors I to

O0bigdé exhibits, such as a turntable, giant so
computer -based exhibits with a nice and simple surface. Children have

di fferent favorite exhibits, with tsyoomeamd t he
some playing the gear -wheels or even lying in the mirror house. Lastly,

Navet Science Centerds main collection of exh

Dragonds chemistry | ab, the sustainability Hu
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Crime lab, Maker space, and Astronoma (an astronomy exhibition). The
most acknowledged exhibit of the museum is Be
lab because there are not many possibilities for kindergarten ch ildren to

experience real chemistry.

The Giant Soap Film

SourceMathematikum museum

Further, we should also consider how the museums are connected to
European cultural heritage. Fermat Science is linked with the European
cultural heritage through the internationally recognized famous
mathematician Pi erre Fermat who communicated and worked with European
scientists of his century. Furthermore, Mathematikum is linked to European
cultural heritage by preserving and disseminating the incredible cultural
heritage of mathematics of the last 5000 years, parti cularly Greek 1 but not
exclusively 7 Mesopotamian, Chinese, Mayan, all of whom have developed
breathtaking mathematics. Navet museum works with the following
components of European cultural heritage: tourism and heritage in
promoting sustainable cultural tourism, engaging the younger generation,
heritage -related skills in enhancing education and training for the traditional
and new professions, fostering participation and social innovation as well as
using research, innovation, science and technology for t he better

conservation and presentation of heritage.
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Moving on, the partners were asked to give 2 examples of exhibits that

can be easily modelled and printed by kindergarten educators, and

additionally i f the museumds edodatiore In btheo n

words, to recognize all <childrends ent.i
respects diversity enables participation, removes barriers and considers a

variety of learning needs and preferences. Starting with Fermat Science, the

museum suggested two exhibits that could be 3D printed, La chasse aux

forms (The hunt for shapes) and Les apprentis g éom etres (Apprentice
Surveyors) which is an educational tool created with the help of national

education specialists for inclusive education. MMA CA museum suggested an
exhibit for matching shapes and col or s,
museumbs exhibits are designed for incl
of barriers and some exhibits are even suitable for blind people. Similarly,

Math ematikum in Germany embraces a collection of exhibits supporting

inclusive education as well as Navet in Sweden. The Swedish museum is

constantly working with the problems of inclusion and lately, they have even

worked with groups of mentally disabled indi viduals through the use of

creative technology, immigrant families in topics such as sustainability and

art, and the museum is working long term with groups of children who would

have limited access to Navet museum thru their families.

Hence, the museums  were asked to describe the educational
opportunities they offer, and if they have a rich array of training offers for
kindergartens. According to Fermat Science, the museum offers school
activities such as workshops and games where students manipulate seve ral
mathematical concepts learned in class. Fermat offers the following training
workshops for kindergartens: shapes, colors, numbers, algorithms and
labyrinths, spatial geometry, shape hunting. Furthermore, they propose a
game of recognizing shapes in Bea umont de Lomagne city as well as

construction games. MMACA in Spain offers an opportunity to experience a

suppo

t |

emen

Tangr

usi ve
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new and different understanding in schools. The museum has some didactic
suitcases with hands -on material to bring to school and can use them f or

pop - up exhibitions or even for creating some activities for the classroom.

Tangram for kids

SourcefFermat Science

Moving on to Mathematikum; several times a year the museum invites

kindergarten educators for a course and offers approximately 30 courses

that connect fAHaus der kleinen Forschero (Hou
STEM topics. Finally, Navet Science Center offers in -service and pre -service

training for teachers, public events in local communities, kindergartens and

schools, students of all ages, outdoor facilities and activities for all, city

events, sustainability training for companies and other organizati ons, etc.

The museum offers many programs for kindergarten teachers, for instance,

programming and digital tools, chemistry, physics, mathematics and so on.

Navet considers that working with younger preschool children on

mathematics is a better way to purs ue such conkcepsesoiin

The museums cover a number of preschool mathematical concepts.
Concepts such as shapes and numbers are covered by all four museums, yet
through different exhibitions and workshops. The following table portrays the

distinct con cepts covered by each Math Museum:
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Mathematical Concepts covered in
Museum A S
museumbs exhibit:s

. geometry shapes, counting, colors, and
Fermat Science _ R _
find oneds way in spac

shapes and forms, number concepts,
MMACA early operations, reasoning, solving

problems, and creativity

numbers, shapes, functions (movement),
Mathematikum as well as metacontexts such as

communicating, arguing, describing, etc.

_ games, puzzles, measurements, digital
Navet Science Center _
math and counting

The last section of the questionnaire is about the mathematics at the
museum, how effective is the teaching of non -formal mathematics to
preschool children and if the children leave with a different perspective
towards mathematics after visiting the museum . As stated by Fermat, when
teaching non -formal mathematics, it is best to manipulate appropriate
mathematical concepts since this approach always succeeds. According to
MMACA, non -formal mathematics offers a really good and pleasant
mathematical experienc e which is difficult to achieve at school and this is,
therefore, very important for the future development of mathematical skills.
Mathematikum believes that the teaching of non -formal mathematics to
kindergarten children is a very effective method and is definitely much more
powerful than teaching mathematical syntax. Nonetheless, Navet museum
thinks that non -formal mathematics is more effective when carried out on a
c hi | dr e n é&ay basig & kindergarten or in outdoor facilities. In the long

run, the best outcome comes from training the teachers that work in

kindergartens and support the childrenobs

wor k
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children have a different view towards mathematics, and this can be

confirmed by all museums. The children have exp erienced a new view of the
world, they now know: O6Mathematics is therebo
world using mathoé. All c¢children have tried ne

mathematics in new ways and even experienced the joy of doing

mathematics in groups/tea ms.

The purpose of this questionnaire was to identify the effectiveness of
teaching non -formal mathematics to younger students through the work |
exhibits, workshops, etc. T of math museums around Europe. Based on the
analysis conveyed from these four Mat h Museums (Fermat Science, MMACA,
Mathematikum, and Navet Science Center), it can be concluded that the
work of the museums is of high importance since it influences, inspires, and
encourages the young generation of students to grow up having a great
devot ion towards mathematics. The playful and engaging exhibits of math
museums has emboldened the recreaMATHS project in developing tailor -
made e -books as well as 3 D printed exhibits inspired by the ones of math
museums. By sharing the Ma tnput, whepe edacatérs val uabl
understand the greatness of teaching mathematics from an early age as well
as provide them with various ideas of how to incorporate mathematics in

their day -to-day kindergarten basis.

The European Mathematical Society was established in 1991. Its main
objective was to take advantage of the more general establishment of a
European community, politically, economically and culturally, to federate
initiatives and projects capable of promoting mathematics on the European

territory and beyond. But, as in other fields, arguments were based not on
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the opportunities and needs of the present (or the future) but instead on a
recourse to the history of mathematics which sometimes resurfaced to
justify this gathering. According to these arguments, mathematics is
basically a creation particularly European . This view is supported by a
commonplace account of the development of mathematics which, in its full
form, can be summarised as follows: Born in Greek antiquity and forgotten
in the dark obscurantism of the Middle Ages, mathematics was created a
second t ime in Western Europe in the 18th century by Galileo, Descartes,
Newton, and Leibniz; gradually showing its effectiveness thanks to the
development of all the possible applications, and would therefore spread
spontaneously over the whole planet.

For most ¢ ontemporary scholars of the history of science, this account
is considered misleading because it neglects the crucial contributions and
autonomous thinking of cultures that developed outside the geographical
territory of Europe: for example, China, Islamic countries. The
mathematicians of these civilizations are presented as mere transmitters of
European knowledge. Descartes' generation drew on a vast heritage that
was not limited to the sources of classical antiquity. The relationship
between mathematicsa  nd economic life was important, and multiple, long
before aerodynamic  modelling or contemporary medical statistics:
commerce, architecture, demography, fortifications, thus justified or
promoted mathematical development before the 18th century.

The history of mathematics occupies an important place in the
dissemination of mathematics or more generally in reflection on this field,
whether philosophical, economic or educational. History by force is
simplified, just as the mathematics that is popula rised. The nature of the
simplifications, the rhythm of the overall story presented, the emphasis on

one aspect or another, all reflect and simplify the choices made by the
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community that elaborates and orders the basic elements. In this case, it is
a certain European identity that is forged or activated.

Mediators use this European heritage to develop and promote
mathematics. European museums are investing in it, staging it, updating it,
sharing it through exhibitions and workshops.

The M MACA prese nts Leonardo da Vinci (Italian painter, visionary
inventor, architect and theoretician) through his work "Vitruvian Man" which
shows us the ideal proportions of Man. The body, inscribed in a circle with its
navel as the centre, the square with the genitals as the centre. Leonardo da
Vinci is referring here to the measurements of length used by the architects
of the time. These measures follow a progression linked to the Fibonacci
sequence (Italian mathematician); the ratio of one term of this sequence to
th e previous one approaches the golden ratio as one advance in this
sequence.

Another activity at M MACA is the collaborative construction of a dome
1 metre high and 4 to 5 metres in diameter, where the pieces are assembled
and form particular geometric patte rns to reproduce Leonardo da Vinci's
dome.

The European cultural heritage is the medium for the transmission of
current mathematics.

Another example is their Eratosthenes room (Greek astronomer,
geographer, philosopher and mathematician) with a pole expla ining his
method for calculating the size of the earth. Manipulation is ubiquitous and a

globe and coin are available to reproduce its method.

T
o )(f <

Source : la -cupola -di-leonardo -da-vinci

Mmaca
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The Mathematikum takes us on a trip with the graphs of Euler (Swiss
mathematician and physicist), children and adults manipulate and try to find
a path that passes through all the edges only once, between brainteasers
and maths, there is something for ever yone. We also find Leonardo da Vinci
with his bridge built with small wooden pieces. Pythagoras (Greek
philosopher, mathematician, and scientist)
with his monochord invented in the 6th
century B.C. where visitors can discover
fractions and deepen their mu sical
knowledge with the Pythagorean scale.

Our European heritage of sculptors
and painters is also not to be neglected,
many museums are inspired by them for
workshops. Geometric shapes and optical
illusions are all examples of media that can
be animated using mathematical

techniques.

Fermat Science also uses this heritage

Source: Eul er 6s

for its workshops. For example, in its "Maths

and Arts" section. Vasarely (a Hungarian artist who became a French citizen)
shows us with curved and straight | ines how to make objects appear without
drawing their contours. Pierre de Fermat (French mathematician) invites us

to take mathematical challenges combining maths and heritage in his home
town, Beaumont de Lomagne. Alan Turing (British mathematician and
cryptologist) introduces us to cryptography in a workshop where secret

codes will no longer hold any secrets for you.
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Source : Fermat Science

The richness of Europe's cultural heritage is a real gold mine for
mathematics museums. They can use the work of a mathematician, a
monument, a movement, or even a city, as they wish, and transcribe it into
a workshop or an exhibition . European museums have understood this and

all of them bring it to life, use it, and of course transmit it.
















































































































































































































































