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The project to be supported will improve future teachers' skills in using robotics to teach and
teach students mathematics as if they were playing
a game. This will reduce students' math anxiety and

prepare them for digital transformation and real

life. This process in teaching mathematics can be
described as a robot-friendly education process.
Future teachers will learn how to run robotic applications to implement math education as

part of flipped learning.

The goal of this project was stated as filling gaps in the skills of undergraduate students who
will work in primary schools, in the processes of solving possible challenges related to math
phobic students by developing:

A modular course curriculum that encourages the use of robotic applications for flipped
learning in mathematics education in primary school

A virtual video library of robotics practices consisting of scenario-based learning and
teaching processes

Teacher's Guide: Applying Reverse Learning through Robotic Practices in Elementary Schools
These objectives will ensure the implementation of the project's priorities. The first objective
will be provided by an innovative curriculum that will allow the application of robotics in the

learning and teaching process in primary schools. The second goal is the development of
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robotic applications, and this process will create a virtual video library that future teachers
will be able to freely use. and teachers will be free to use these apps in their math teaching
activities. . User-friendly robotics will be part of the digital transformation in mathematics
education. The third objective will develop the skills of future teachers who will be able to

apply robotics in their teaching process.

Expected impacts of the project

The project involves pedagogical faculties
of universities based on primary schools,
because the period of primary school is the
most appropriate period for the recognition
and early intervention of children with
mathematical anxiety. Taking into account

the mentioned objectives, it is clearly

stated that the target group of the project

is 200 future teachers. Primary school teachers are the secondary target group. They will be

invited to seminars and other activities. The main results of the project implementation are:
e Development of a modular curriculum with a robotic application for flipped learning
e Virtual Video Library with robotics practices

e Digital teaching guide supported by robotic applications

EU PERSPECTIVE

Education in mathematics is regarded as the key to success in today's workplace. Since we use math
in every aspect of our lives, including practical everyday tasks and at work like problem-solving,
managing personal finances, maintaining order, and using quantitative skills required by a large
number of jobs, it is one of the most effective tools for reducing poverty, social exclusion, and
inequality.

The future is in the hands of primary school pre-service teachers, thus they have a key role to play in
meeting individuals' diverse needs. Given the various variances in how people learn mathematics, it's

likely that most people would concur that certain math students experience excessive math anxiety,
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which most likely results in a bad emotional state toward mathematics and poor performance in
arithmetic. The majority of the time, math anxiety is a danger factor for some students for a
thorough comprehension of mathematics, even though a reasonable level of math anxiety is
expected to push students to study and focus on the subject at hand. As a result, it should be our aim
as educators to investigate fresh methods for lowering math phobia in the context of teaching
primary school mathematics. The usage of robots in the flipped learning method was chosen as a
practical way to lower the amount of math anxiety among elementary kids among many other

options.

Authors:
Filippo Bogliolo

Emanuele Micheli

Before describing the solutions proposed, and implemented, in Italian schools to mitigate
mathematics anxiety, let us introduce the teaching of mathematics in primary school as a
seen by innovative teachers.

According to many European evaluators, Italian primary schools excel in many aspects,
including STEM subjects.

The gap and the lack of good results in Math starts to increase after this school, in secondary
schools of first and second degree (middle and high school in Italy), and this is documented
in various ways, especially by the results of the tests in mathematics (OCSE-PISA) for which
Italy is placed quite far from the excellences in Math. OECD-PISA tests show sufficient Italian
results in problem-solving (510 compared to an OECD average of 500), but poor results in
mathematics (485 compared to an average of 494) and science (494 compared to an average
of 501). There was, however, an average growth between 2002 and 2013 for the overall
Italian performance. This lackluster performance is not due to teaching in primary school but
occurs immediately in the first year of secondary school (students are 14 years old), and it is

also influenced by how the subject is perceived (and thus taught): it is a cold subject, difficult
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to understand, made up of formulas and algorithms to be memorized, not very creative, not
very nice and not really easy.

So, even if primary school tries to rebrand appreciated mathematics, it means that it does
not sufficiently prepare students to deal with algebra, geometry at middle school level,
competences that should be built up from an early age, with courses that stimulate

productive, not just reproductive, thinking activities.

The most enlightened teachers (Amiotti, Giuliana Finco, Serafino Caloi, Lorenza Scarinzi,
Giusué Verde, Tullia Uschitz, et al) with whom School of Robotics is in contact argue that
students need to be accompanied to go beyond the mere competence, cultivating a taste for
Maths, and pleasure in doing.

There are few school textbooks which show care for reflection, or the choice of activities
which encourage productive thinking, for example by building a learning environment which
encourages discovery.

Mathematics is still often taught the way old teachers taught the current teachers. It is
certainly not a popular subject. The humanistic culture is still very strong today in Italy and it
has not yet been understood that mathematics is first and foremost concreteness,
experience, logic, seriation and cataloguing, hypotheses, proof and verification ... In school,

it is almost always just method, algorithm, calculation and measurement.

Certain ways of doing things, such as resorting to technical and not very reasoned work, are
justified by the false belief that this is the best proposal for those with difficulties. On the
other hand, focusing only on technical skills is more reassuring for the teacher because it

seems — and these teachers stress seems - easier to work on something to be learned

n

immediately and so, for example, to say “learn the multiplication tables by heart” “ rather

than working on building them together with the child, focusing on the pleasure of doing

them.
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We must go beyond competence, cultivating the taste and pleasure of doing. There are few
school textbooks that show care for reflection, or the choice of activities that encourage
productive thinking, for example by building a learning environment that encourages
discovery. The use of technical counting skills in primary schools (e.g. games to learn
multiplication tables) are considered by these innovative teachers to be poor techniques,
because what should be done is to work with the children to 'build multiplication tables'
together, to build numbers, working on building them together with the child, focusing on
the pleasure of doing them.

The primary school teachers with whom Scuola di Robotica is in contact have tried to
profoundly modify the methodology of teaching mathematics, drawing inspiration from
various authors. Richard Skemp, Seymour Papert, and more recently, to Paul Lockart.
“Mathematics is the art of explanation. If you deny students the opportunity to engage in
this activity — to pose their own problems, to make their own conjectures and discoveries,
to be wrong, to be creatively frustrated, to have an inspiration, and to cobble together their
own explanations and proofs — you deny them mathematics itself.”

Practices to release the mathematics anxiety of primary school children in Italy

In 2015, the Italian Ministry of Education released the National Digital School Plan (PNSD), a
project designed to guide schools along a path of innovation and digitalisation, as provided
for in Law 107/2015, a program became strategic so that something finally changes in
certain realities of Italian schools. The PNSD outline the need to innovate the teaching
mathematics, such as:

“(.1t is essential to strengthen the introduction of the Problem Posing and Solving
methodology in mathematics teaching, as well as to promote the use of advanced
calculation environments in the teaching of mathematics and technical-scientific disciplines,
and to introduce elements of educational robotics into secondary school curricula”.

Here we collected some innovative practices applied by teachers for the teaching of
mathematics able to release maths anxiety. These innovative activities include:

* The use of the interactive whiteboard

* The use of coding with free software (Scratch, Open Roberta for middle school)

* The use of educational robotics

e Using games

11

Co-funded by the European Union. Views and opinions expressed are however those of the
Co-funded by author(s) only and do not necessarily reflect those of the European Union or Fundacja
the European Union Rozwoju Systemu Edukacji. Neither the European Union nor the granting authority can be
held responsible for them. Project no. 2022-1-PL01-KA220-HED-000086524




Teacher Giuliana Finco (Comprehensive Institute C. Selvazzano 1 of Padua, Italy):

“In Against the Maths Hour, Lockhart states that the student only learns when he has to
solve a problem which is interesting, involving and challenging for him, so that he has to
develop his own solution and then a demonstration. | have made this approach to the
teaching of mathematics my own, trying to translate it into my teaching practice, also by
participating in initiatives and experiences aimed at active and experiential learning: for
example, by inventing problems as online challenges of the beautiful blog What is your
problem? by Paola Limone and Maurizio Zambarda, in which | participated with my 2.0 class.
Or by building geometry cities: from Solidopoli, the city of solids, to Pianopoli, the city of
plane figures.”-

Serafino Caloi (he teaches mathematics in the elementary School of Tregnago, Verona):
“Richard Skemp distinguishes instrumental mathematics from relational mathematics.
Instrumental mathematics is based on

e formulas

* remembering

® exercises

e products

Relational mathematics is based on

® reasoning

e thinking

® problems

e processes it adapts better to new tasks, is easier to remember, is more effective.

In my work | have always sought strategies and paths to cultivate not only mathematical
competence but also the pleasure of doing it, in every child, not one less, none exclude. Not
one less is the name of a project that | am carrying out thanks to the Amiotti Foundation and
with which | will try to reach all children with what | call the best school. It is possible to
make Maths fascinating and pleasant, building real competences (not only in school but also
outside the classroom) and, above all, that can develop everyone’s potential. | now find that
the possibilities that technology offers us in supporting classroom action aimed at proposing

a certain way of doing mathematics are remarkable.”
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Giosué Verde (he teaches math in a very marginalized district of Naples at the Scuola
primaria 10H, Scampia, Naples): Unfortunately, the two mathematics - that of the syllabus
and the fascinating and funny one - have to march hand in hand. When you find yourself in a
very degraded socio-cultural context, such as my own in Scampia, where pupils enter fifth
classes without knowing the multiplication tables, then everything becomes more difficult. |
try to present a lot of my teaching work in the form of games, to ensure that the pupils are
passionate about mathematics and do not experience it as something abstract and difficult. |
bring every experience that happens in the classroom and at home to the scientific or
mathematical level and | try to get my pupils used to asking questions, not taking anything
for granted. | don’t give them problems to solve at home: they have to invent them! Only if
they know how to invent them will they be able to solve them. | try to put them in difficulty
with my hundred thousand whys, so that they understand that everything has a reason,
everything has an origin, a cause, an influence: chance does not exist. Perhaps.

Mathematics has to be experienced, experimented and emulated, and this happens above
all in games. If | have a virtual supermarket built in my school to take my pupils there and
play at being grown up and buying, selling, discounting, making loans and instalments. | have
to do it without worrying about notebooks and written assignments. These are fundamental
experiences that give pupils the ability to transfer their mathematical knowledge to
everyday reality: and it is there and only then that it can be transformed into abstraction,
not before! Otherwise, it is a mechanical mathematics, not metabolized. And in fact, when
the pupils then have to solve problematic situations, they find themselves in great difficulty:
they may be able to add and divide very well, but they do not know when to apply them,

they do not have the logical paths to identify a meaningful and conscious use.
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Starting with the academic year 2022-2023 to implement a new reform in Romanian
education. One of the very important is changing the structure of the school year, which was
formed by 2 semesters and is now under the format of 5 modules separated by holidays.
Primary education starts at the age of 6 in the preparatory class, then follows grades 1,2,3,
and 4. In the primary cycle, children who have turned 6 in September are enrolled. In
primary school, students do not have the required age at the end of the year, a final report is
made in which several development indicators are indicated: assessment of physical, socio-
emotional, and cognitive child's learning abilities and attitudes. The assessment of these
characteristics is based on a methodology approved by the order of the Minister of
Education.

From grade 1 onwards, students’ results are expressed in single annual grades, by subject
area. At the end of grades 2 and 4, the students take compulsory national written
assessments in ,Language and communication,, and ,,Mathematics,,. The results of students
are expressed in primary education by single annual grades by subject area, except in the
preparatory class, where no grades are awarded. Based on the model for structuring the
education system's aims, primary education's aims are represented by key competencies
formed at an elementary level. The elementary level refers to the acquisitions acquired by
the pupil at the end of primary school which enable him/her to carry out simple operations,
in known, mainly concrete contexts.
(https://www.edu.ro/sites/default/files/DPC_31.10.19 consultare.pdf)

The primary school curriculum includes Mathematics and Environmental Exploration as part
of the Mathematics and Natural Sciences curriculum area.

(https://www.edu.ro/sites/default/files/DPC_31.10.19 consultare.pdf)
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The general objectives of the study of mathematics in primary education in Romania are: 1.
Knowledge and use of concepts specific to mathematics; 2. Development of
exploration/investigation and problem-solving skills; 3. Training and development of the
ability to communicate using mathematical language; 4. Developing interest and motivation

for studying and applying mathematics in various contexts

There are several textbooks, books, workbooks with mathematics activities for primary
schools but the Ministry of Education has approved only some of them and they can be
accessed online (https://www.manuale.edu.ro/), these textbooks are also in digital format.
In addition to the school textbooks, there are also educational software and auxiliaries are
compiled with 3D educational games, each auxiliary contains CDs with various learning
activities in the form of games in digital format. The teacher is free to choose the form of
teaching and the techniques used. Considering the current reform "Romania Educata" and
the objectives of the educational reform starting from 2022, the creation of a digitized
school space is foreseen, so that the processes of implementation of learning programs and
activities and the training of academic or professional skills are complete and in step with
the evolution of society so that education can be carried out both through learning activities
in formal and non-formal or informal contexts.

Currently, there are various funding projects that allow classrooms to be equipped with
digital equipment for better teaching activities. Many schools in Romania have interactive
whiteboards, projectors, computers, etc. in primary classes, combining traditional teaching

methods with modern ones. Difficulties can exist in both rural and urban primary schools.

The mathematics curriculum for preparatory classes and grades 1 and 2 is approved
by the Ministry of Education, minister Order 3418/2013, 6. general contents for preparatory
classes, grade 1 and grade 2 based on the primary school curriculum (2013)

(https://programe.ise.ro/): 1) Use of numbers in elementary calculations; 2) Highlighting the

15

Co-funded by the European Union. Views and opinions expressed are however those of the
Co-funded by author(s) only and do not necessarily reflect those of the European Union or Fundacja
the European Union Rozwoju Systemu Edukacji. Neither the European Union nor the granting authority can be
held responsible for them. Project no. 2022-1-PL01-KA220-HED-000086524




geometrical characteristics of objects located in the surrounding space; 3) lIdentify
phenomena/relationships/regularity/structures in the immediate environment; 4) Generate
simple explanations using logic; 5) Solve problems by sorting and representing data; 6) Use
conventional yardsticks for measurements and estimates

The general competencies for grades 3 and 4 based on the primary school curriculum (2013-
2014) are: 1. Identify relationships/regularities in the immediate environment; 2. Using
numbers in calculations; 3. Exploring geometric features of objects located in the immediate
environment; 4. Using conventional yardsticks for measurement and estimation; 5 Solving
problems in familiar situations.

The content of mathematics teaching in primary school is divided into domains. For the pre-
primary, grade 1 and grade 2 are the domains: numbers, geometric figures and bodies,
measurements, dates, life sciences, and physical sciences

The curriculum for grades 3 and 4 is regulated by Minister Order 5003/2014. The content of
mathematics teaching for grades 3 and grade 4 is the areas: numbers and operations with
numbers, intuitive elements of geometry, units and instruments of measurement,
organisation and representation of data. For all the areas listed above, age-specific

competencies are described.

Starting in 2011 in Romania the National Assessment for grades 2,4,6 and 8 will be carried
out. After obtaining the results of the assessments in grades 2 and 4, a report is drawn to
improve the results. Measures are imposed to implement methodologies to detect errors
and reasons for failure in students. Generally, the tests' structure reflects the IEA studies'
principles. From 2021 essential changes have been made to the content of the assessments
so that the assessment structure is competent and like international assessments. The
adaptation of National assessments to the structure of external ones leads to an important
fact in the idea of globalization and the alignment of the Romanian education system to an
international one.

National assessment in grade 4 includes:
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1) Mathematical content areas: a) Numbers 50%; b) Geometric figures and
measurements 35%; c) Organizing data 15%/

2) Cognitive content areas - expected student behaviors in relation to mathematical
content: a) Knowledge 40%; b) Application 40%; c) Reasoning 20%.

Table 1 gives the results of the grade 4 assessment in 2015-2021, in 2020 there was no
assessment due to the Covid-19 pandemic, and for 2022 there are no official statistics et

(https://www.rocnee.eu/index.php/dcee-oriz/rapoarte-evaluari-nationale-clasele-a-ii-a-a-iv-

a-si-a-vi-a)
Table 1. The results of the grade 4 assessment in 2015-2021
Visiting skills The average percentage at the national level
2015 2016 2017 2018 2019 2020 | 2021 2022
Natural numbers 72,7% | 76,1% | 64,9% | 71,3% | 65,8% - | 62,53% -
Geometric figures, measures, fractions | 61,6% | 68,6% | 62,3% | 66,5% | 71,5% - | 60,65% -
Organizing data in tables 74,4% | 73,1% | 73,1% | 75,9% | 66,2% - 173,71 -

As general conclusions based on the results obtained, the main problem is that the
reasoning items have a low level of resolution in this content area as well, which is proof
that the practical approach in the classroom is based very little on this type of cognitive area.

In the national assessment for grade 2, the following general areas are assessed:
reception and comprehension of the written message. The important results are shown in
Table 2.

Table 2. The result mathematics assessment of grade 2

Visiting skills The average percentage at the national level

2015 2016 2017 2018 2019 2020

Using natural numbers in elementary calculus:
-comparing numbers in the 0-1000 | 86,16% | 90,89% | 76,16% | 92,64% | 92,37% | 92%
concentration
- effect of additions and subtractions in the 0- | 73,49% | 74,50% | 72,57% | 65,13% | 77,90% | 68%
1000 concert
-effect of multiplications and divisions concert | 59,95% | 68,67% | 68,67% | 69,32 78,86% | 65%
0-1000

Highlighting geometrical features of objects in the | 88,10% | 90,35% | 79,09% | 79,17% | 94,04% | 94,04%

17

Co-funded by the European Union. Views and opinions expressed are however those of the
Co-funded by author(s) only and do not necessarily reflect those of the European Union or Fundacja
the European Union Rozwoju Systemu Edukacji. Neither the European Union nor the granting authority can be
held responsible for them. Project no. 2022-1-PL01-KA220-HED-000086524



https://www.rocnee.eu/index.php/dcee-oriz/rapoarte-evaluari-nationale-clasele-a-ii-a-a-iv-a-si-a-vi-a
https://www.rocnee.eu/index.php/dcee-oriz/rapoarte-evaluari-nationale-clasele-a-ii-a-a-iv-a-si-a-vi-a

surrounding space

Solving problems based on sorting data 69,01% | 65,80% | - 71,32% | - 81,25%

Organizing the data in a table 71,26% | 82,87% - 82,23% | 81,25% | -

As a general conclusion, it is observed that 80% of the students in the second grade
demonstrate that, at the end of this grade, they have developed the specific competencies
for which they were assessed in terms of comprehension of a reading text
(https://cdn.edupedu.ro/wp-content/uploads/2020/02/Rezultate-Evaluarea-Nationala-clasa-
[1-2019.pdf).

Romania participated in the TIMSS international assessment only with grade 8. Between
1995 and 2003, Romania scored between 472 and 475 points in mathematics, with scores
dropping to 461 (2007) and 458 (2011) in 2007 and 2011, respectively. In 2019, Romania saw
a slight increase to 479 points. Table 3 highlights the score ratio over the years 1995-2019
(Mullis, 2019).

A total of 199 schools participated in the TIMSS 2019 study, from which a total of 4485 grade
8 students, 196 principals, 214 math teachers, and 609 science teachers responded to the
TIMSS tests and questionnaires. Romania participated only in the 8th module for
mathematics and science. Students in grades 1-8 have access to a digital platform where
they can test their literacy skills for free. It represents testing at the functional literacy level
(brio.ro). The BRIO score is a percentile score: it shows how the tested pupil compares to all

the other children in Romania who are in the same class as him/her.
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Curriculums in Turkey have been prepared on the basis of "General Objectives of Turkish
National Education" and "Basic Principles of Turkish National Education" expressed in Article
2 of the Basic Law of National Education No. 1739. In Turkey, primary school (1st, 2nd, 3rd
and 4th grades), secondary school (5th, 6th, 7th and 8th grades) and high school (9th, 10th,
11th and 12th grades) are 12-year three stages. There is compulsory education. Moreover;
As of the 2023-2024 academic year, there are studies to include the preschool 5 age group in
the scope of compulsory education. All studies carried out with education and training
programs within the scope of compulsory education; It aims to achieve the following
objectives in a complementary way at pre-primary, primary and secondary education levels:
1. To support the healthy development of students who have completed pre-school
education in physical, mental and emotional areas, taking into account their individual
development processes.

2. Students who have completed primary school have acquired the basic level of verbal,
numerical and scientific reasoning, social skills and aesthetic sensitivity that they will need in
daily life, within the framework of moral integrity and self-awareness, within the framework
of moral integrity and self-awareness, in accordance with the development level of the
students who have completed the primary school. To ensure that they become healthy life-
oriented individuals by using

3. To ensure that students who have completed secondary school become individuals who
adopt national and moral values, exercise their rights and fulfill their responsibilities by

developing the competencies they gained in primary school, and gain basic level skills and
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competencies that are expressed in the “Turkish Qualifications Framework” and also in
discipline-specific areas.

4. Students who have completed high school have adopted the national and spiritual values
by developing the competencies they have gained in primary and secondary school, and
have transformed them into a lifestyle, contributing to the economic, social and cultural
development of our country as productive and active citizens, and also in the fields specific
to disciplines. To ensure that they are individuals who have acquired basic level skills and
competencies and are ready for a profession, higher education and life in line with their
interests and abilities (MEB, 2018).

Turkish education system; It creates its education programs by taking into account the key
competencies determined in the Turkish Qualifications Framework (TQF), which is based on
equipping individuals with the skills they will need in their social, business, academic and
personal lives at national and international level. The Turkish education system emphasizes
mathematics education and includes it in the Turkish Qualifications Framework (TYC). One of
the key competencies within the scope of TQF is Mathematical competency and basic
competencies in science/technology. Emphasis is placed on developing mathematical
thinking with mathematical competence, a process built on a solid arithmetic skill, and

activity and knowledge on solving real-life problems.

Aim of Mathematics Education in Turkey in primary school:

When the curricula in Turkey are examined; taking into account the speed of change in
technology and science, in line with the needs of the society and the individual, and
contemporary learning-teaching theories and approaches; It is essential to raise
entrepreneurial and determined individuals who can produce knowledge and use it
functionally, have problem solving-empathetic thinking-critical thinking-communication
skills. Within the framework of this basic understanding, curricula are prepared within the
framework of 12-year compulsory education, primary school, secondary school and high
school programs are prepared in such a way that each course has its own general objectives.
Special skills related to mathematics in the mathematics curriculum; problem solving,
mathematical process skills, communication, reasoning, mathematical modeling, association,

affective skills, psychomotor skills, information and communication technologies (ICT).
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When the primary school Mathematics Curriculum in Turkey is examined, the general
objectives of the Elementary School Mathematics Curriculum are: Understanding
mathematical concepts and using these concepts in daily life; to use them effectively by
developing their mathematical literacy skills; to be able to make sense of the relations of
objects with each other and the relations between objects and people using mathematical
language and meaning; Able to use mathematical terminology and language logically to
explain and share mathematical ideas; to be able to express their own reasoning and
thoughts easily in the problem solving process, to see the gaps or deficiencies in the
reasonings of others; expressing concepts with different forms of representation; to be able
to consciously manage their own learning process, to develop their metacognitive
knowledge and skills; to use mental processing and estimation skills effectively; be able to
develop the characteristics of being careful, systematic, responsible and patient; be self-
confident in the mathematical problems they encounter by developing a positive attitude
towards mathematics with their experiences in learning mathematics; being able to value
mathematics by being aware of the fact that mathematics is a common value for all people;
It is seen that there are thirteen such as being able to realize the relationship of
mathematics with aesthetics and art and developing the skills of producing and using
knowledge by doing research (MEB, 2018). In the general objectives of the mathematics
course curriculum; Features such as understanding mathematics, using mathematics in daily
life, solving problems, making decisions, thinking independently, communicating, expressing

thoughts and making predictions based on data come to the fore (Yaris, 2022).

The educational philosophy of progressivism lies at the heart of the education programs in
Turkey, and the programs have been shaped on the constructivist approach, which takes
into account individual differences and targets active learners, which has dominated
teaching and learning fields throughout the 21st century (Tobias & Duffy, 2009).
Constructivist approach is one of the most effective approaches in our age and it tries to
explain how the individual learns by taking into account the latest developments in cognitive
psychology. Constructivists claim that learning takes place in a process that includes previous

knowledge schemas, that is, learning is fed by experiences and ideas (Batdi, 2023).
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When the application forms of constructivist learning approach in the field of mathematics
are examined, Realistic Maths Education (RME) emerges. RME is a field-specific learning
approach that starts with real-life situations and supports students to reach abstract
concepts starting from their own knowledge (Van den Heuvel-Panhuizen, 2001). In this
context, it is aimed to train students with high-level thinking skills such as problem solving,
problem posing, reasoning, inference, and estimation, rather than students who perform
mathematical operations based on repetition and memorization, through effective
mathematics teaching (Yaris, 2022). In the mathematics curriculum in Turkey; Among the
objectives of the mathematics course, the necessity of using real-life situations in
mathematics teaching is emphasized, and it is stated that by including real-life situations in
mathematics teaching, the meaning of mathematical concepts will be provided. In addition,
the necessity of giving some subjects such as ratio and proportion in the mathematics
curriculum together with real life situations is also included in the outcome explanations.
Likewise, it was stated in the curriculum that the active participation of students in the
lesson should be supported and that students should be allowed to create their own
knowledge through their own experiences at this point (Tabak, 2019), and modern teaching

methods were adopted in primary school mathematics education.

The education system in Turkey is planned as 12 years as primary and secondary education
4+4+4. Primary education covers the first eight years. 1-4. Intermediate elementary school,
grades 5-8. It is the middle school level between grades.

There are four basic learning areas in the Mathematics Curriculum prepared by the Ministry
of National Education for primary schools within the scope of the first 4 years. Sub-learning
areas are also included under these learning areas.

Numbers and Operations learning area: Available at every grade level from Grade 1 to Grade
4. The sub-learning areas of the Numbers and Operations learning area are; natural
numbers, addition with natural numbers, subtraction with natural numbers, multiplication
with natural numbers, division with natural numbers, fractions and operations with

fractions. Sub-learning areas of natural numbers, addition with natural numbers, subtraction
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with natural numbers and fractions are at every grade level; sub-learning areas of
multiplication with natural numbers and division with natural numbers at 2nd, 3rd and 4th
grade levels; operations in fractions sub-learning area is only available at the 4th grade level.
Geometry Learning area: It is available at every grade level from Grade 1 to Grade 4. The
sub-learning areas of the geometry learning area are; geometric bodies and shapes, spatial
relations, geometric patterns and basic concepts in geometry. Geometric objects and
shapes, spatial relations, geometric patterns sub-learning areas at every grade level; The
basic concepts in geometry are sub-learning areas at the 3rd and 4th grade levels.
Measurement Learning Area: It is available at every grade level from 1st to 4th grade. The
sub-learning areas of the measurement learning area are; measuring length, measuring
circumference, measuring area, our money, measuring time, weighing, measuring liquid.
Measuring length, measuring time, weighing, measuring liquid at every grade level;
perimeter surveying and area surveying at 3rd and 4th grade levels; our coins are 1.2. and
3rd grade level.

Data Processing Learning Area: It is available at every grade level from Grade 1 to Grade 4.
The sub-learning domain of the data processing learning domain is data collection and
evaluation.

There are five basic learning areas in the Mathematics Curriculum prepared by the Ministry
of National Education of secondary schools within the scope of the second 4 years. Sub-
learning areas are also included under these learning areas.

Numbers and Operations learning area: Available at every grade level from Grade 5 to Grade
8. The sub-learning areas of the Numbers and Operations learning area are; natural
numbers, operations with natural numbers, fractions, operations with fractions, decimal
notation, percentages, factors and multiples, sets, integers, operations with integers,
rational numbers, operations with rational numbers, ratio, ratio and proportion, exponential
expressions, square root expressions. Natural numbers and fractions sub-field only at Grade
5 level; operations with natural numbers, operations with fractions, decimal notation sub-
learning areas at 5th and 6th grades; sets, integers, ratio sub-fields only at Grade 6 level;
Operations with integers, rational numbers, operations with rational numbers, ratio and
proportion sub-learning areas are only at the 7th grade level; Exponential expressions and

square root expressions sub-learning domains are only at Grade 8 level, percentages sub-
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learning domain is at Grade 5 and 7 level; Multipliers and multiples are sub-learning domains
at the 6th and 8th Grade levels.

Algebra Learning Area: It is available at every grade level from Grade 6 to Grade 8, except
Grade 5. The sub-learning areas of the algebra learning area are; algebraic expressions,
equality and equation, linear equations, algebraic expressions and identities, inequalities.
Linear equations, algebraic expressions and identities, inequalities sub-learning areas are
only at the 8th grade level; equality and equation sub-learning area is only at the 7th grade
level; algebraic expressions sub-learning domains are at the 6th grade and 7th grade levels.
Geometry and Measurement Learning Area: It is available at every grade level from 5th to
8th grade. The sub-learning areas of the geometry and measurement learning area are; basic
geometric concepts and drawings, triangles and quadrilaterals, triangles, length and time
measurement, area measurement, geometric objects, angles, lines and angles, circle, circle
and circle, fluid measurement, transformation geometry, polygons, views of objects from
different directions, congruence and is similarity. Basic geometric concepts and drawings,
triangles and quadrilaterals, length and time measurement sub-learning areas are only at the
5th grade level; circle, angles and fluid measurement sub-learning areas are only at Grade 6
level; lines and angles, circle and circle, polygons, views of objects from different directions
sub-learning areas are only at the 7th grade level; triangles, transformation geometry, parity
and similarity sub-fields are only at 8th grade level; area measurement sub-learning area at
5th and 6th grade levels; The geometric objects sub-learning area is available at every grade
level, except for the 7th grade.

Data Processing Learning Area: It is available at every grade level from Grade 5 to Grade 8.
The sub-learning areas of the data processing learning area are; data collection and
evaluation is data analysis. Data collection and evaluation sub-learning area is at the 5th and
6th grade levels; The data analysis sub-learning area exists at every grade level, except for
the 5th grade.

Probability Learning Area: It is only available at the 8th Grade level. The sub-learning area is;

probability of simple events.

24

Co-funded by the European Union. Views and opinions expressed are however those of the

R Co-funded by author(s) only and do not necessarily reflect those of the European Union or Fundacja
4 'J the European Union Rozwoju Systemu Edukacji. Neither the European Union nor the granting authority can be

held responsible for them. Project no. 2022-1-PL01-KA220-HED-000086524



The international measurement and evaluation practices made to determine the quality of
education enable countries to compare their achievements with other countries, to identify
and analyze problems, to develop solution proposals, and to recognize the education
systems of successful countries by other countries. The main ones of these evaluations are;
Trends in International Mathematics and Science Study (TIMSS), Program for International
Student Assessment (PISA), and International Computer and Information Literacy Study
(ICILS).

TIMSS, which measures the achievements of 4th and 8th grade students in Mathematics and
science, is one of the most comprehensive exams that has been applied every 4 years
worldwide since 1995. Turkey also participated in TIMSS in 1999, 2007, 2011, 2015 and
2019. Turkey TIMSS results for 2011, 2015 and 2019 are presented in the Figure.

SON 3 TIMSS UYGULAMASI

2019 Sonuglarinda Tiirkiye ilk kez her iki alanda da TIMSS uygulamlarinda sabit
basar &lcusi olarak kabul edilen 500 puanin lizerine gikti.
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Figure 1. Turkey Last Three TIMSS Implementation Results

Turkey achieved the highest performance in the 2019 TIMSS application compared to all the
applications it participated in. Turkey ranked 23rd among 58 participating countries in TIMSS
2019 with an average of 523 mathematics scores in the fourth grade. TIMSS 2019 8th grade
performed at the midpoint level of the scale with an average of 496 mathematics points and

ranked 20th out of 39 countries.
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TIMSS 2019 results are presented in Figure 2 for a clearer understanding of Turkey's position

in TIMSS 2019 results compared to other countries.
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Figure 2. TIMSS 2019 results
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The aim of teaching mathematics is to develop in students mathematical intuitions
appropriate to a given age. One of the tasks in the student's education process is to develop
reasoning skills, analytical skills, strategic thinking (i.e. the ability to plan subsequent steps to
solve the problem, as well as to divide the process of solving complex problems into stages)
and the ability to critically look at the solution of the task. The second main objective is to
develop accounting skills at a level that allows solving problems in other subjects in grades IV
to VIl of the primary school. These objectives, specified in the core curriculum as general
objectives, do not differ significantly from those set out in the previous core curriculum.
(Podstawa programowa ksztatcenia ogélnego z komentarzem. Szkota podstawowa.
Matemetyka., 2017)

The teaching of mathematics at school is adapted to the specific stage of development and
intellectual abilities of students. At the first stage of education, the teaching of mathematics
is organized in such a way that students focus on references to the known reality, and the
concepts and methods used are related to objects occurring in a familiar environment.
Students have a chance to apply the acquired skills in concrete situations, and the search for
answers to the questions posed is to help them organize their own learning and achieve
new opportunities for action. In the case of mathematics, the last years of primary school
are the time to introduce such concepts and properties that will allow you to improve
abstract thinking, and consequently to learn to carry out reasoning and correct reasoning in
new situations, as well as those related to complex and unusual issues. (Podstawa
Programowa - szkota podstawowa I-lll, 2017)

The following types of educational objectives are pursued in Polish primary education:

I. Accounting skills

J Performing simple calculations in memory or in more difficult written activities and

using these skills in practical situations
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J Verifying and interpreting the results obtained and assessing the reasonableness of
the solution

Il. Use and production of information

J Reading, interpreting and processing data presented in different forms
] Interpreting and creating mathematical texts and graphical representation of data
J Using mathematical language to describe reasoning and results.

lll. Use and interpretation of representation

J Use simple, well-known mathematical objects, interpret mathematical concepts, and
manipulate mathematical objects

J Choosing a mathematical model for a simple situation and building it in different
contexts, also in a practical context

IV. Reasoning and argumentation.

o Carrying out simple reasoning, giving arguments justifying the correctness of

reasoning, distinguishing between evidence and example

J Seeing regularities, similarities and analogies and formulating conclusions based on
them
J Using a strategy resulting from the content of the task, creating a strategy to solve

the problem, also in multi-stage solutions and those that require the ability to combine

knowledge from different branches of mathematics.

Grades | to lll of the primary school:

Education in grades | to lll is provided in the form of integrated education. It includes
functional, methodological, organizational and content integration. The basic form of
organizing the child's work is a day of his multidirectional activity, not a classic school lesson.
Integrated education is a concept of multifaceted activation of the child along with the need
for constant diagnosis of its development, supporting functions stimulating development.
The essence of mathematical education leads to the gradual discovery and knowledge of
basic concepts such as number or arithmetic. This process is based on the child's
mathematical intuition and the child's own thinking strategies. The teacher is obliged to plan

classes in such a way that mathematical knowledge gradually forms a logically related

28

Co-funded by the European Union. Views and opinions expressed are however those of the
Co-funded by author(s) only and do not necessarily reflect those of the European Union or Fundacja
the European Union Rozwoju Systemu Edukacji. Neither the European Union nor the granting authority can be
held responsible for them. Project no. 2022-1-PL01-KA220-HED-000086524




system leading from concrete-pictorial thinking towards conceptual thinking. This is helped
by the spiral and linear arrangement of the content.

Grades IV to VIII of the primary school:

In grades IV-VI, when mathematics is taught primarily on specific objects, it is necessary to
first of all take care of working on examples, without introducing an excess of abstract
concepts. The advantage for the student is the opportunity to experiment with numbers,
solve logical and logical-mathematical puzzles. In particular, solving equations by guessing is
treated as a correct method in classes IV to VI.

In grades IV to VI, special caution is recommended when requiring the pupil to be the
accuracy of mathematical language. The ability to use such mathematical concepts as: angle,
length, field, algebraic sum is formed.

Most students use calculators or other electronic devices in practice. Nevertheless, the
ability to perform calculations in memory, as well as in writing, is important. Memory
calculations are introduced as useful in everyday life. Performing calculations independently,
both memorized and written, gives students an idea of numbers and their sizes.

Abstract thinking is formed at the age of 11-15, but for many children at different rates, this
does not necessarily mean greater or lesser mathematical skills. Due to the different speed
of development of thinking of students of grades VIl and VIII, as well as partly grade VI, it is
recommended to teach mathematics in inter-branch groups at various levels, as it is
practiced in teaching modern foreign languages. In practice, this is difficult to introduce,
because it requires coordination of the schedule of different years of students. Students who
have developed this thinking more quickly are advised to propose tasks that are more
difficult and allow for deeper analysis of issues in order to properly stimulate their
development. However, this requires the teacher to be more involved in contact with these
students and is difficult to achieve in the context of conducting lessons in a class consisting
of a large number of students.

Proving mathematical theorems are an important element of mathematical education. In
elementary school, these tasks are limited to simple cases. An introduction to probability is
preceded by tasks in which students perform experiments, such as multiple rolls of the dice.
This allows to indicate the relationship between the frequency of the event and its

probability.
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A special role in mathematical education is played by tasks in statistics. On the one hand,
reading and presenting data links mathematics to everyday life and opens up a whole range
of practical applications. It is desirable that a significant part of the tasks concern real data
with their verifiable source. On the other hand, for example, operating with dependency
graphs allows to intuitively master difficult and abstract concepts such as a function.

(Podstawa programowa - matematyka. Klasy IV-VIII., 2017)

Education in primary school is the foundation of education. The school's task is to gently
introduce the child to the world of knowledge, prepare them to perform the student's duties
and introduce them to self-development. The most important goal of primary school
education is to care for the integral biological, cognitive, emotional, social and moral
development of the student. Education in primary school lasts eight years and is divided into
two educational stages:

1) Education stage |, comprising grades | to Il of the primary school — early school education;
2) Stage Il of education in grades IV to VIII of the primary school.

In primary schools, at stage |, including grades | to Ill — early school education, it is provided
in the form of integrated education. Mathematics is not distinguished here as a separate
subject. In the field of mathematical knowledge, students at this stage acquire the ability to
understand basic mathematical concepts and actions, learn to independently use them in
various life situations, preliminary mathematization along with a description of these
activities: words, image or symbol. They acquire the ability to ask questions, see problems,
gather information needed to solve them, plan and organize activities, as well as solve
problems, the ability to read simple mathematical texts, e.g. text tasks, puzzles and riddles,
and symbols. (Podstawa Programowa - szkota podstawowa I-1ll, 2017)

At the first stage, students in grades | to lll learn:

J understanding spatial relations and grandiose features
) understanding numbers and their properties
o the use of numbers, the essence of mathematical operations — addition, subtraction,

multiplication, division and relationships between them (the student multiplies and divides
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numbers in his memory in the range of the multiplication table; multiplies in his mind by 10
numbers smaller than 20, solves equations with the unknown written in the form of a
window, uses the equal sign and signs of four basic operations, adds and subtracts two-digit
numbers, multiplies two-digit numbers by 2)

J reading mathematical texts

J understanding geometric concepts (the student recognizes geometric figures:
rectangle, square, triangle, circle; draws sections at the ruler; draws rectangles by hand,
measures the lengths of segments, sides of geometric figures, measures the circumferences
of various figures using measuring tools, also in contexts from everyday life; calculates the
circumference of a triangle and a rectangle with given sides, notices symmetry in the child's
environment)

J applying mathematics in life situations and in other areas of education (the student
classifies objects on the basis of separate features, divides into two and four equal parts, e.g.
a sheet of paper, chocolate, uses the terms: half, two and a half, four equal parts, a fourth
part or a quarter, performs monetary calculations, distinguishes denominations on coins and
banknotes, reads the hours on the clock, performs simple calculations about time, uses time
units: day, hour, minute, second, uses a stopwatch, writes down the dates of, for example,
his birth or current date, uses the calendar, reads and writes Roman notation of numbers at
least until XIl, measures the temperature with a thermometer and reads it, makes estimates
in various life situations, weighs, uses the terms: kilogram, decagram, gram, ton, knows the
relationships between these units, measures liquids, uses the terms: liter, half a liter, quarter
liter, uses checkers, chess and other board or logic games to develop strategic and logical
thinking skills, uses acquired skills to solve problems, creative activities and explore the

world).

At the second stage, students in grades VI to IV learn:

) operations with natural numbers in decimal positional system
J operations with integers
J fractions and decimals
J elements of algebra
J straight lines and segments
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J angles, polygons and circles

. solids

. calculations in geometry

J practical calculations

J elements of descriptive statistics
J tasks described in text

Students in grades VIl to VIl learn:

J powers with rational bases

J square roots and cube roots

J to create algebraic expressions with one and many variables
J to transform algebraic expressions

J percentage calculations

J equations with one unknown

o simple proportionality

J the properties of geometric figures on a plane

J polygons

J the number line, the coordinate system on a plane
) spatial geometry

J an introduction to combinatorics and probability

J to read data and elements of descriptive statistics
J circumference of a circle and the area of a circle

J symmetry

) advanced counting methods

J probability

Cognitive processes, such as attention, memory, and problem-solving, are essential for

learning and performing math. Students who have strong cognitive processes are better able
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to understand and apply math concepts, solve math problems, and reason mathematically.
Affective processes, such as motivation, interest, and self-efficacy, can also play a critical role
in math achievement. Students who are motivated and interested in math are more likely to
engage with the material and persist in solving math problems, while those with low self-
efficacy may doubt their ability to succeed in math and give up easily. (Fuchs, 2016)

In Poland, as in many other countries, achievement levels in mathematics can vary widely
depending on a range of factors, such as the quality of teaching, the availability of resources,
and students' prior knowledge and experiences. Efforts are being made to improve math
achievement by addressing both cognitive and affective processes. (Zeromska, 2013)

Overall, improving math achievement requires a holistic approach that considers both
cognitive and affective processes, and that addresses the unique needs and experiences of

each student.
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In Latvia 9-year single structure basic education (primary and lower secondary education
according) is compulsory for all children from the age of 7 and is generally completed till the
age of 16, but may continue till the age of 18 (Education System in Latvia, 2020). In Latvia,
children start school at the age of 7, where they follow general basic education programmes
for 9 years. Basic education is delivered in two phases:

J 1st to 6th grades as primary education programme,

J 7th to 9th grades as basic or lower secondary education programme.

Complite basic education programmes are provided in educational institutions named
pamatskola (basic schools). The educational programmes of the first six grades can be
provided by primary schools (sakumskola). Secondary schools (vidusskola) may also provide
a full programme of basic education or in any other educational institutions providing basic
education programmes (Education System in Latvia, 2020).

In Latvia, the requirements for basic education are set out in the Cabinet of Ministers of the
Republic of Latvia Regulation No 747 (Regulations on the State Standard for Basic Education
and Model Programmes for Basic Education, 2018). The mathematics curriculum developed
in Latvia (Matematika 1.-9. klasei. Sample curriculum, 2020) is recommended for the
organisation of the mathematics teaching process in basic schools. The National Basic
Education Standard determines the objectives and tasks, compulsory curriculum and the
principles and procedures for assessment of basic education (Education System in Latvia,
2020).

The mathematics curriculum and standard for Grades 1-6 were not changed and these
grades until 2019 continued to follow the mathematics curriculum approved in 2005
(Mathematics for Grades 1-9. Sample curriculum for mathematics, 2005; Avotina, 2022).
Since the school year 2022/2023, starting from pre-school to secondary school, education

process is organized in accordance with the new curriculum for all levels of education
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system. The National Centre of Education developed new curriculum for Education in the
framework of the ESF project No 8.3.1.1./16/1/002 "Competence-based approach to
Curriculum (School 2030)" (Skola2030, 2022).

The Mathmatics programme is providing 416 hours of mathematics teaching in Grades 1-3,
560 hours in Grades 4-6 and 525 hours in Grades 7-9. However, it is also possible for a school
to organise teaching in a different way - 10% by reducing or increasing the number of
lessons per mathematics subject.

The aim of mathematics education - for the student to acquire mathematical literacy, which
means that the student, in situations involving mathematics, other areas of learning and real
contexts, meaningfully using mathematical tools, makes calculations, processes data, uses
properties of shapes, recognises relationships between quantities, makes general reasoning
and mathematical modelling, chooses an appropriate approach or technique in problem
situations, is aware of the need for a proof and constructs make reasonable judgements
(Mathematics, 2019).

The objectives of mathematics education are to enable the student to

J use the language of mathematics by reading and writing down accepted symbols and
explaining their meaning, constructing a mathematical text;

) to develop thinking skills by seeing and formulating relationships between quantities,
patterns in the ordering of numbers and shapes, developing experience of making
mathematically valid statements to make mathematical reasoning and problem-solving;

J perform operations with real numbers, modelling them practically and geometrically,
using the properties of number composition and operations, choosing appropriate
techniques;

J perform transformations of algebraic expressions, explaining the meaning of the
expressions and the transformations by modelling them geometrically;

J solve problems with a practical or other learning context by constructing and solving
mathematical model of a situation, evaluating the appropriateness of the mathematical
solution to the context;

) develop skills in working with data by formulating an experiential research question,

planning the acquisition of data, and practically acquiring, organising and analysing data;
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J describe and apply the properties of 2D shapes and 3D space by investigating and

formulating them, developing spatial concepts (Mathematics, 2019).

Developing literacy involves deep learning - the process by which a learner develops the
ability to generalise, to transfer new knowledge and skills to unknown situations (including
real-life situations), placing at the forefront of learning the processes by which we acquire
knowledge (how do we know?), not just the accumulation of a certain amount of content
(what do we know?). By adopting a methodological approach that encourages learning by
doing, the teacher enables the pupil to use and develop higher-level thinking skills (analyse,
synthesise, evaluate, problem-solve), develops pupils' self-directed learning skills so that
they develop a true understanding of the content they have learned and are able to solve
complex problems in new situations and contexts.

To implement the learning-by-doing approach, the school provides an appropriate learning
environment - meaningful, changing and exploratory, stimulating, safe and non-
discriminatory, conducive to physical, mental and intellectual development. The learning
environment shall be oriented towards mutual trust, cooperation and support, foster the
development of pupils' independence and agency, and ensure pupils' representation and
participation in decision-making, follow-up and monitoring. School work needs a change of
emphasis to enable pupils to be immersed in the learning process:

) from the transfer and recall of ready-made knowledge to questioning, conversation,
analysis of situations, productive tasks, enabling pupils to create new knowledge for
themselves;

J from a frontal process to student involvement and cooperation;

) from memorising factual knowledge as a learning objective to using and creating
knowledge in a variety of situations and contexts, so that learners have the experience of
such practice and transfer;

J from primarily summative assessment to providing meaningful feedback to the
learner on the learning process, the learner's reflection on his/her work and awareness of

his/her own learning (Skola2030).
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The content focuses on what is most important for the learner to develop competence as a
complex learning outcomes over a longer period of time. The content is organised according
to the key concepts or Big Ideas (BI) that the learner needs to acquire in order to develop a
understanding of the world around her/him and of herself/himself in it. The Big Ideas are the
structural framework of the compulsory curriculum; they describe the requirements for
learning the curriculum, or the expected outcomes for the student at the end of a given level
of education (Mathematics, 2019).

In mathematics education student develops an understanding about the Big Ideas of
mathematics:

- the language of mathematics is used to communicate and scientifically describe concepts,
ideas and solutions to problems.

- to solve a problem in mathematics is to see structures, systems, relationships, to make
generalisations and to prove them.

- numbers are used to solve concrete, including practical, problems. For each activity with
with numbers has a definite meaning and rules/algorithms for their execution.

- relationships between quantities are described by algebraic patterns and functions. Using
these models to solve problems, they are transformed to ensure equivalence.

- data about objects, situations, events, processes can be processed mathematically,
analysed to make informed decisions.

- the exploration of the properties of shapes, their positions, their characteristics and their
magnitudes, enables solutions to specific problems, including practical problems, to

formulate general conclusions about objects, space, shape (Mathematics, 2019).

Topic overview for mathematics for grades 1-6

1st Grade

1.1 How to tell and shows: how much, where, what?
1.2 How many in total, how many left?

1.3 How to measure lengths and how obtain symmetrical shape?
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1.4 How do you write and compares numbers which are bigger than 10?
1.5 How to add and subtract numbers, biger than 10?

1.6 What does "that much more", "so much less"?

1.7 Where do we encounter large numbers?

1.8 How to describe and shapes?

2nd Grade

2.1 How to group objects?

2.2 How are different lengths?

2.3 How are the subtract two-digit numbers?

2.4 How do time calculations help planning?

2.5 How are expression develop?

2.6 How do describe shapes?

2.7 What does mean to multiply and divide by 2?

2.8 How do multiply and divide by 3, 4 and 5?

3rd Grade

3.1 How to multiply and divide by 6, 7, 8, 9 and 10?

3.2 How are all operations used?

3.3 How to make places plan?

3.4. What does a part mean of the whole?

3.5 What are the quantities describe a shape?

3.6 How do you count and subtract three-digit numbers?

3.7 How do spatial, 3D shape patterns?

4th Grade

4.1 How to count and subtract multi-digit numbers?

4.2 How multi-digit numbers are multiplied and divided by single-digit a number?
4.3 How are angles measured?

4.4 How multi-digit numbers are multiplied and divide by two digits number?
4.5 How to compare, add and subtract fractions?

4.6 What does part of a whole mean?

4.7 How to identify different shapes area?
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4.8 What have shopping at and movement common in mathematical description?
(Mathematics, 2019).
All the big ideas in mathematics teaching have a unifying aspect - the use of mathematics,

which includes problem solving.

The aim of the diagnostic work is to assess pupils' mastery of key competences according to
the requirements of the national education standards and subject standards at the end of
Grade 3, with a view to improving pupils' achievement by the end of the school year.
The diagnostic work includes three levels of tasks. Core requirements of the mathematics
subject standard for learning the subject, at the end of Grade 3 are formulated in the
following main content sections:

1. Developing a mathematical instrumentarium.

2. Application of mathematics to the analysis of natural and social processes.

3. Building and exploring mathematical models with mathematical

methods.
For more detailed information, see the National Centre for Education's website under
"General

Education. Content. Standards".
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Figure 1 Results of Mathematics diagnistic work in 2021./2022. academic year

3rd Grade students have shown highest results in diagnostic work in mathematics:

e perform the given operation in the head and write down the solution in task 1,
task 4;

e show the succession of numbers in a sequence of numbers in task 12;

e express the relationship between units of length in task 13;

e determine the value of an item in task 17;

e recognise geometric figures in a picture in task 25, task 28

The lowest results were observed in tasks requiring the identification of the properties of

figures; task 27 and task 28.
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1.-4. uzdevuma veic noradito darbibu galva un pieraksti rezultatu!
(4 punkti)

1.

2

3.

4.

5.-6. uzde $

uzdevums
Skaitli 18 palielini par 3. [

uzdevums

Skaitli 18 samazini 3 reizes. [
gt ]

Skaitli 18 palielini 3 reizes.

uzdevums
Skaitli 18 samazini par 3.

atisku izteiksmil

Aprékini izteiksmes vértibu saistitaja pieraksta! (4 punkti)

5.

uzdevums

72 dali ar skaitju 12 un 3 starpibu.

6.

uzdevums

Skaitju 8 un 7 reizinajumam pieskaiti skaitju 24 un 3 dalljumu.

-8, uzdevuma veic saskaitisanu un atpemsanu rakstos, tukSajos
lodzipos ieraksto nepieciesamos ciparus! (2 punkt)

7. uzdevums

9. uzdevums (1 punkts)
Kads skaitlis pasiépies zem burta A?

bttt

A 300 301 302 B
L]

10. uzdevums (1 punkts)
Kads skaitlis pasiépies zem burta B7

A 300 301 302 8
8
11.-16. uzdevuma ieraksti atbilstosus skaitjus, lai vienadiba batu
pareizal (6 punkt))
Izsaki noradnajas mérvienibas!
11. uzdevums
10009 = kg
12. uzdevums
cm=2dm3cm

25.-28. uzdevumé izpéti ziméjumu un atbildi uz jautsjumiem!
(4 punkt)

25.

Cik pavisam trijstiry zimejuma?

26.

Cik pavisam kvadraty ziméjuma? |
27. uzdevums

Cik pavisam taisnstiru Ziméjuma?

28. uzdevums

e TN,

29.-32. izpéti un atbildi uz
(8 punkt)

Veikalam atveda auglus, ogas un darzequs. Diagramma noradits atvesto
auglu, 0gu un darzenu daudzums kilogramos.

13. uzdevums

thismn=[  |mn

14. uzdevums
)

[ Jmn-3e

15. uzdevums

cenll-%vxﬂm

16. uzdevums
%nolh-:]mm

17. wadevums (1 punits)
Apskat atélu! Uzrakst, kura pildspaiva ir letaka!

Pildspaiva Nr. 1 Pildspaiva Nr. 2
\\ \
Eunoss” ERori.

LMWMMIMD

18. uzdevums (1 punkts)
Egijai futbola trenins igst 50 mindtes. Trening sakas plkst. 14.20. Cikos tas

beigsies?
Trenins beigsies pulksten :]

29. uzdevu

ims
Kurus produktus atveda visvairak? |
Cik kilogramus 81 produkia nwwﬂ:]

30. uzdevums
Cik kilogramu produktu pieveda veikalam? Uzraksti izteiksmi un aprékini
tas vértibul o )

31. uzdevums
Cik reizy

32. uzdevums

33.-34. uzdevuma aplako ziméjumu un atbildi uz jautajumiem!
(5 punkti)

'
.
i .
o 1 2
33. uzdevums

Cik gars ir Zimulis? [

34. uzdevums
Cik gar$ ir radamkoks, kas ir divas reizes garaks neka zimulis? Uzraksti

19.-20. uzdevuma izvélies vienu no atbildém, kas visprecizak atbilst
noraditajam lelumam! (2 punkt)

19. uzdevums
1zvélies, kuré no variantiem ir visticamakais Brivibas pieminekla augstums!
DA42cm
OB4zm
Oca2g
D42 km

20. uzdevums
Lzvélies, kur$ no variantiem precizak raksturo viena abola masu!
[IA80 kg
OB oot
0ceom
Opsog

21.~24. uzdevuma salidzini iztelksmes péc lieluma (leraksti vajadzigo
Zimi <, >, =)! (4 punkti)
21. uzdevums

b-42 b+24

22. uzdevums
4.0 d-d

23. uzdevums

Skaitlis ¢ nav nulle.
cecec c-4

24. uzdevums
Skaitiis a nav nulle.
a3 a5

Izmanto doto informaciju, lai atrisindtu 35.~36. urdevumul (3 punit)

Egons vasaras briviaika nolémis izlasht tris.
| Ziedona pasakas: .Dzeltend pasaka”, JPeiékd pasaka” un “Sarkand
pasaka”.

Katry nékamo pasaku vips lasa, kad iepriek3$éjo i iziaslis. Pasaku lasa fikai
vieny reizi katrd varianta.

35. uzdevums
Cik daudz da2adu variantu iespéjami pasaku lasiSanas secibai?

36. uzdevums
Paskaidro, ka leguvil

Figure 2 Tasks for Diagnistic work in mathematics in 2021./2022. academic year

https://www.visc.gov.lv/lv/20212022-macibu-gada-uzdevumi
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Math anxiety is a negative emotional reaction to math and numbers, feeding a vicious cycle
of avoidance and ignorance.

For Sheila Tobias and Carol Weissbrod (1980) is “the panic, helplessness, paralysis, and
mental disorganisation that arises among some people when they are required to solve a
mathematical problem” and it is thought to affect a large proportion of the population”.
Sheila Tobias has been known for her research in the areas of math anxiety and math and
science instruction.

For Ashcraft (2002), Math anxiety refers to “feelings of fear, tension, and apprehension that
many people experience when engaging with Math”.

Math anxiety is thought to be “a trait-level anxiety and is distinguishable from both test
anxiety (Kazelskis et al., 2000) and state anxiety (Hembree,1990).

Apart from aspects like gender, age and culture affecting mathematics anxiety, research has
shown that emotional factors, such as general anxiety or self-esteem play an important role
too (Orly Rubinsten and Tannock, 2010; Dowker et al., 2016)

Math anxiety is highly prevalent, affecting nearly 50% of grade-school children in the United
States alone (Beilock and Willingham, 2014). According to the Organization for Economic Co-
operation and Development (OECD), 31% of 15-year-old students reported feeling nervous
when solving a math problem and as many as 59% indicated that they were worried about
math classes (OECD, 2013).

A math anxious student experiences math with more than a feeling of dislike or worry; it also
affects physiological outcomes such as heart rate, neural activation, and cortisol (Faust,
Ashcraft, 1996; Lyons & Beilock, 2012b). Notably, higher-math-anxious students show

increased heart rates (Faust, Ashcraft, 1996) and, when cued with an upcoming math task,
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show neural activations similar to those found when individuals experience physical pain
(Lyons & Beilock, 2012b).

Math anxiety has even been thought to operate similar to a phobia (Hembree, 1990; Pizzie &
Kraemer, 2017), as brief exposure to math stimuli creates a behavioural disengagement bias
similar to a fear-conditioned stimulus (Pizzie &Kraemer, 2017).

The conditions for math anxiety can be environmental (bad experiences, bad teachers),
personal (lack of confidence, low self-esteem), dyscalculia, or cognitive deficits. Apart from
aspects like gender, age and culture affecting mathematics anxiety, research has shown that
emotional factors, such as general anxiety or self-esteem play an important role too (Orly
Rubinsten and Tannock, 2010; Dowker et al., 2016).

But its precise developmental origins are still not known (Rubinsten & Tannock, 2010).
Several causes probably come into play in this complex phenomenon that affects many
millions of students worldwide.

It can often hinder the successful completion of tasks involving manipulation of numerical
information and is a prominent cause of problem-solving difficulties across all age ranges
(Ashcraft & Krause, 2007).

Because the detrimental impact of math anxiety on mathematical development is lifelong
(Rubinsten & Tannock, 2010), it is important to understand its neurobiological origins,
especially during the earliest stages of formal math learning in elementary school children
(Menon, 2012).

Symptoms of maths anxiety include:

e Emotional symptoms: feeling of helplessness; lack of confidence; fear of getting things
wrong.

e Physical symptoms: heart racing; irregular breathing; sweatiness; shakiness; biting nails;
feeling of hollowness in stomach; nausea.

e Frustration from trying to do maths and not being successful.

* Not knowing where to start with questions or never getting the right answer.

e Confused and just wanting to quit and go home.

» Very stressed before and during exams.

® Begin to shut down and stop listening in class.
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In this Review Paper we briefly outline the main studies on maths anxiety and some

methodologies and interventions that expressed a good level of success.

According to Vinod Menon (2012), and Ashcraft and Krause (2007), the first objectively-
grounded researches on math anxiety began to be published in the early 1970s, and an
objective instrument for measuring maths anxiety became available. These studies showed a
correlation between maths anxiety increases and math achievement declines. This
correlation was confirmed by the original work of Ray Hembree (1990), Associated Professor
at Adrian College (Michigan), whose researches on maths anxiety meta--analysis remains the
forerunner for all the successive studies.

In his work, The Nature, Effects, and Relief of Mathematics Anxiety (1990), the results of 151
studies on College students, males and females, were integrated by meta-analysis to
investigate the construct mathematics anxiety. The study showed that variables that could
intervene in mathematics anxiety levels include ability, school grade level, and
undergraduate fields of study, and previous arithmetic teachers especially prone to
mathematics anxiety.

The conclusion of the studies by Hembree outlined the following questions:

e Does mathematics anxiety tend to contribute to poor performance?

* Does a knowledge of poor past performance induce the anxiety?

¢ Or, is the relation circular?

And the results appeared to be:

e Higher achievements consistently accompany reduction in mathematics anxiety;

e Treatment can restore the performance of formerly high-anxious students to the
performance level of associated with low mathematics anxiety:

e The construct’s relation with I1Q and ability seem small.

Social conditions and conditionalities are identified by the study:

Across all grades, female students report higher mathematics anxiety levels than males.

However, these higher levels do not seem to translate into more depressed performance or
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to greater mathematics avoidance on the part of the female students. Indeed, male students
in high school exhibit stronger negative behaviours in both these regards. This paradox may
be explained along two lines: 1) Females may be more willing than males to admit their
anxiety, in which case their higher levels are no more than a reflection of societal mores; 2)
females may cope with anxiety better. Whatever the cause, al precollege levels mathematics
anxiety effects seems more pronounced in male than females students. (Hembree, 1990).

The line of development narrated by the correlations is sad indeed. The higher one’s math
anxiety, the lower one’s math learning, mastery, and motivation; highly math-anxious
individuals get poorer grades in the math classes they take, show low motivation to take
more (elective) math, and in fact do take less math. They clearly learn less math than their
low-anxious counterparts.In conclusion, Hembree states that, like any other text anxiety,

mathematics anxiety “seems to be a learned condition more behavioural than cognitive in

Mathematics Anxiety
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Figure I. Average mathematics anxiety levels for Grades K-12 and undergraduate.

nature” (emphasis added).
Another important study on math anxiety in adults is by Mark H. Ashcraft e Jeremy A. Krause
(2007). Working memory, math performance, and math anxiety, where Authors analyse the
role of the working memory in the phenomenon of Math Anxiety in the 15 years literature
on the subject.

Considerable evidence has appeared in the past 10 to 15 years concerning the vital role that
working memory plays in mathematical cognition. (..) The literature now supports a clear
generalization concerning the important positive relationship between the complexity of
arithmetic or math problems and the demand on working memory for problem solving. One
aspect of this relationship involves the numerical values being manipulated, and one aspect
examines the total number of steps required for problem solution. It is now clear that

working memory is increasingly involved in problem solving as the numbers in an arithmetic
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or math problem (the “operands”) grow larger. The benchmark effect in this area is the
problem-size effect, the empirical result that response latencies and errors increase as the
size of the operands increases. For example, 6 x 7or 9 x 6will be answered more slowly and
less accurately than 2 x3 or 4x 5 (see Zbrodoff & Logan’s 2005 review). Part of this effect, we
have argued, is due to the structure of the mental representation of arithmetic facts in long-
term memory, and the inverse relationships between problem size and problem frequency
(emphasis added).

The lower achievement of math-anxious individuals seems limited to more difficult math,
the math taught at or after late elementary school. When students have to deal with a more
complex math, Authors argue that a math-anxious person’s working memory resources are
drained - that the individual suffers a compromised working memory - only when the actual
math anxiety is aroused, as in span tasks that involve computations.

Furthermore, Authors results show that high-math-anxious participants often sacrifice
accuracy for speed, especially as problems become more difficult, which we interpreted as
an avoidance-like effort to finish the testing session as quickly as possible (Faust et al., 1996).
So far, relatively few projects have explored math processing beyond the four basic
arithmetic operations, so the role of working memory at higher levels of math has hardly
been investigated at all. Authors argue that based on the central role identified so far,
however, it can only be the case that more difficult math will be even more dependent on

working memory.

Working memory
areas needed for
maths

Anxiety reduces brain power in them

One Author who, with his group, has studied the phenomenon in a thorough and scientific
manner is Vinod Menon. Professor of Psychiatry and Behavioral Sciences and of Neurology

at Stanford University, he serves as director of Stanford Cognitive and Systems Neuroscience
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Laboratory, which is dedicated to the investigation of human brain function and dysfunction
using a multidisciplinary approach that emphasizes a tight integration of cognitive,
behavioural, neuroscience and computational methodologies. Students, staff and scientists
in his lab come from multiple disciplines, to conduct research in a highly interdisciplinary
setting.

In the book The Neurodevelopmental Basis of Math Anxiety (Menon et al, 2012) it is said
that: “Math anxiety is a negative emotional reaction that is characterized by feelings of
stress and anxiety in situations involving mathematical problem solving. High math-anxious
individuals tend to avoid situations involving mathematics and are less likely to pursue
science, technology, engineering, and math-related careers than those with low math
anxiety. “

As the Erasmus plus Mind Maths project is aimed primarily at primary school children, the
studies by Menon and his team are important as they have extended the survey to include
pre-school children. We will consider in particular the work of Menon and his team.

Math anxiety during early childhood also has adverse long-term consequences for career
choice, employment, and professional success (Hembree, 1990). Recent research has shown
that childhood math anxiety is associated with aberrant functional responses in brain
regions and circuits important for processing negative emotions (Young et al., 2012).
Although the negative consequences of math anxiety are well understood, to date there
have been few studies of interventions for remediating math anxiety in children.

According to Young, Wu and Menon (2012) this is in part due to the lack of a
developmentally appropriate measure of math anxiety. To address this issue, these Authors
recently “extended the Mathematics Anxiety Rating Scale (MARS), a standardized method
for assessing math anxiety in older children and adults, to create the Scale for Early
Mathematics Anxiety, SEMA.

SEMA has been shown to be a reliable and construct-valid with Cronbach’s a = .870)
measure of math anxiety in 7- to 9-year-old second and third graders (Wu, Amin, Barth,
Melcarne, & Menon, 2012). Cronbach’s alpha (sometimes simply a coefficient) is a statistical
indicator used in psychometric tests to measure their reliability, i.e. to verify the
reproducibility over time, under the same conditions, of the results they provide. Generally,

high reliability values are considered to be those ranging from 0.70 upwards.
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Let’s follow Young, Wu and Menon’s study on children:

To examine the neurodevelopmental basis of math anxiety, we analysed functional brain-
imaging data from forty-six 7- to 9-year-old children, which we obtained while the children
determined whether addition and subtraction problems were correct (e.g., “2 + 5 =7") or
incorrect (e.g., “2 + 4 = 7”). In a separate session, we used the SEMA to assess math anxiety
in each child. (..) We hypothesized that if children with high math anxiety view such stimuli
negatively, they would show hyperactive amygdala response during math problem solving.

Furthermore, amygdala connectivity with medial prefrontal

Authors:
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Anxiety is part of everyone's basic equipment because it helps us to do well in dangerous
situations. It sharpens our senses and activates enough energy in the body to escape in case
of danger or to fight with enough vigor (hence the fight or flight response). Anxiety is a
pronounced emotional state, manifested by restlessness, and can be associated with
palpitations, sweating and nervousness. Most of the time, it appears as a response to a
stressful event or a prolonged state of tension. Other times, it appears as anticipation of a
future stressor. Anxiety, more precisely anxiety disorder, can be found in several forms.
According to Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM-5, 2013)
this is the types of classification of anxiety: panic disorder, social anxiety disorder,
generalized anxiety disorder, separation anxiety disorder, agoraphobia, and specific phobia.
Benga et all (2010) considered that anxiety is one of the most common psychological and
cognitive disorders in children and adolescents.

The mathematics is considered a fundamental discipline for the training of the new
generation and plays an essential role in academic and professional success. At the same

time, mathematics is seen as a factor that contributes to employment in well-paid jobs and
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is an important component of fields such as science, technology, engineering and so on.
Good results in mathematics are closely related to the students' attitude towards this
discipline. Not all students consider mathematics to be useful and pleasant and for this
reason some of them develop math anxiety.

Math anxiety is a negative emotional response caused by numerical tasks that affects math
results (Sarkar et. al, 2014). Dreger & Alken were the ones who introduced the concept of
math anxiety in 1957. The purpose of the study carried out by them was to identify the
factors that facilitate and prevent students' anxiety towards mathematics (Khasawneh et al,
2021). Mathematical anxiety represents the fear of involvement and solving math problems.
This type of anxiety is not a medical condition but is a way of describing the anxiety that
occurs in a specific situation.

Mathematical anxiety can be analyzed at the following levels: 1) at the behavioral level (for
example, avoiding or refusing to be involved in the activities of the class during the math
class); 2) at the cognitive level (for example, worrying thoughts about doing homework, fear
of assessment papers); 3) at the physiological level (for example, palpitations, sweating,
perspiration of the palms etc.).

The factors that contribute to the emergence of mathematical anxiety are:

1. the individual factor. Here we can include cognitive, motivational, affective factors

and physiological and genetic factors.

2. the school environment: a) the teaching staff (for example, teachers have an
important role in creating a positive atmosphere in the classroom during math classes, thus
reducing the level of math anxiety, evaluation methods); 2) the pears (for example, students
may feel inferior to their peers when they make mistakes in math);

3. the family environment: the parents (for example, parents' math anxiety can cause
math anxiety in children). According to Soni & Kumari (2017), parents' own perception of the
value of mathematics has a significant impact on their children's motivation to pursue
related fields in the future.

4. the social/contextual environment. The society can contribute to math anxiety
through misconceptions about math or myths about math (for example, ,You have to get

the right result on the first try.”,”You must have been born with a talent for math.” etc.).
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Programme for International Student Assessment (PISA) report in 2012 PISA (OECD, 2013)
investigated the phenomenon of mathematics anxiety among students across OECD
countries and and 31 partner countries and economies, including Romania. The participants
were 510,000 students aged between 15 years 3 months and 16 years 2 months. A
percentage of 59% of the students investigated stated that they often worry about their
participation in mathematics classes. In Romania, 75% of students expressed concern about
mathematics classes and girls did not report stronger feelings of anxiety in mathematics than
boys.

According to studies, math anxiety is showing up in classrooms primary school, and if not
treated, it escalates to the high school level (Visu-Petra, 2018).

At the international level, there are very few studies that investigate math anxiety among

primary school students.

In the education system in Romania, the first foundations of mathematics are laid in the
primary cycle. The main goal pursued in the teaching of mathematics is not limited to the
informative side, but it mainly aims at the development of reasoning and the spirit of
receptivity, of logical thinking skills, of clear and precise definition of notions, of creative
adaptation to the ever-increasing demands of today's society.

In Romania, studies focus on test anxiety and not on math anxiety. To date, there is only one
study regarding anxiety towards mathematics in primary school. The study was done by
Tufeanu and Robu (2019) and investigated math anxiety and the variables associated with it
that can have a negative impact on student performance. The participants in the study were
137 students (63 boys and 74 girls) from the fourth grade aged between 9 and 11 years,
from eight public schools. The instrument used was the Romanian version of the Math
Anxiety Questionnaire (MAQ). According to the study it can be observed that: over 37% of
the students surveyed expressed fears about the tests they had to give math; 27.8% of
students reported feeling scared during math tests; both girls and boys tended to report

moderate to low levels for the math anxiety dimensions with no significant differences.
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One of the most important projects related to reducing math anxiety in primary school
students, called "Reducing math anxiety in primary school children", was developed by Visu-
Petra (2020). The project demonstrated that working memory training significantly improved

student performance and reduced math anxiety.
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The affective characteristics of individuals in a field affect their cognitive field skills in that
field. Positive affective features increase the interest in the field, make the individual active
and willing in learning, and make the learning process more efficient (Celebi & Su, 2022).
Since the affective characteristics of the field of mathematics enable students to realize their
desire to know, understand and use mathematics, it is very important to increase their belief
that they can learn the lesson fondly and willingly (Dagbasi, 2017).

It can be difficult from time to time to turn one's true potential into performance. One of the
important reasons for this is anxiety, which is one of the affective characteristics. Anxiety is a
universal emotion and experience experienced in some periods. Defining anxiety is not as
easy as it is thought and it includes many elements such as worrying about the future,
sadness, fear, not being able to predict what will happen, not being able to meet
expectations (Arslan, Dilma¢ & Hamarta, 2009, as cited in Ekin & Sanl-Kula, 2022).
Mathematics is one of the branches of science that every individual encounters when they
start primary school, which is in all areas of education life, which some people can do with
pleasure, and some do not like because they cannot do it, and feel anxiety (Altun, 2000).
Dowker, Sarkar, and Looi (2016) also emphasized that individuals have more anxiety and

more negative attitudes towards mathematics than other disciplines. Studies indicate that
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the main problems and failures experienced in the field of mathematics are the anxiety
experienced by the students (Ekin & Sanh-Kula, 2022). Mathematics anxiety negatively
affects mathematics learning processes (Sloan, Daane & Giesen, 2002; Vinson, 2001),
individuals with mathematics anxiety have less experience with mathematics, and this lack
of experience reduces mathematical fluency and mathematics learning and success (Cates &
Rhymer, 2001). 2003; Dowker et al., 2016).

The first definition of mathematics anxiety in the literature; It is the definition made by
Dreger and Aigen in 1957 as “emotional reactions syndrome against mathematics and
arithmetic” (Baloglu, 2001). Ma and Hu (2004) reported math anxiety as disturbing emotions
caused by confusion while performing a math-related homework or task or solving a
problem (Dede & Dursun, 2008), while Ashcraft and Moore (2009) stated that it includes
situations such as numbers and mathematical calculations. defined as giving negative
reactions to situations (Bostanci, 2020). Briefly; Mathematics anxiety is a universal condition
that leads to negative emotions such as fear, panic, and helplessness developed by

experience.

The sample of Tabakgi (2018)'s study in which he examined the learned helplessness and
mathematics anxiety of primary school students consisted of 415 4th grade students. The
results obtained from the research; The students' math anxiety is high, they have a
moderate level of learned helplessness, and there is no statistically significant relationship
between math anxiety and learned helplessness.

Kaba and Sengiil (2018) examined the relationship between math anxiety and mathematical
understanding; He worked with 466 secondary school students. Research results; As the
grade level increases, math anxiety decreases, mathematical understanding and math
anxiety differ significantly according to grade level, and there is a high level of positive
correlation between math anxiety and mathematical understanding.

Mert and Bas (2019) studied 1553 secondary school students in their research; examined
whether gender and grade level affect students' math anxiety and metacognitive awareness

levels. In the study, it was determined that students with high mathematics achievement
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had less mathematics anxiety, in general, as mathematics anxiety increased, success
decreased significantly, and metacognitive awareness significantly explained mathematics
achievement and mathematics anxiety.

In the study of Hangun (2019) in which he examined the effects of robotic coding training on
6th grade students' math anxiety and success, programming self-efficacy and STEM
attitudes; It was determined that robot programming trainings significantly reduced math
anxiety and significantly increased programming self-efficacy and STEM attitude scores.

The sample of Giirel and Ozdemir (2019) is 6-8. In his research, which consisted of 815
secondary school and 140 gifted students studying in the grade range; The aim of this study
was to determine the mathematics anxiety levels of gifted and secondary school students.
According to the research results; It was observed that gifted students had lower anxiety
than secondary school students, the level of anxiety did not differ significantly according to
the grade level variable, while the anxiety level of secondary school students was
significantly lower in small classes. It was determined that the anxiety levels of female
students were higher in both groups, but this difference was not significant. In addition, it
has been determined that while mathematics achievement affects the mathematics anxiety
scores of secondary school students, success does not constitute a significant factor in gifted
students.

Akkurt (2021) in his study aiming to determine the mathematics anxiety levels of 4th grade
students and the ideas of classroom teachers about teaching mathematics; He worked with
501 4th grade students and 250 classroom teachers. The results obtained from the research;
students have low level of mathematics anxiety, and the classroom teachers find themselves
sufficient in the teaching method they use in mathematics lessons and in measuring success.
Ekin and Sanli-Kula (2022) investigated the exam and math anxiety of 11310 secondary
school students studying in secondary schools in Turkey. As a result of the research,
students' math anxiety; There is no significant difference according to gender, using the
internet or computer programs to learn mathematics, students with a low average monthly
income have the highest mathematics anxiety, there is a statistically significant difference
between the average of mathematics anxiety according to the education level of the parents
of the students, and their parents are literate. It was concluded that the students who did

not have the highest mathematics anxiety were found.
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Celebi and Su (2022) examined the relationship between mathematics-oriented
epistemological beliefs, mathematics self-efficacy perceptions and mathematics anxiety; It
has been observed that there is a positive relationship between mathematics-oriented
epistemological beliefs and mathematics self-efficacy, and a negative relationship between
mathematics anxiety and mathematics self-efficacy, and a negative relationship between
mathematics self-efficacy perception and mathematics anxiety.

Kartal, Baltaci and Yildiz (2022) worked with a total of 506 secondary school students, 284 of
whom were girls and 222 of them, in their study titled "Adapting the Mathematics Self-
efficacy and Anxiety Questionnaire into Turkish and Examining its Relationship with
Mathematical Self-concept". The results obtained from the study; While grade level and
gender caused differences in the averages, it was seen that grade level had no effect on the
self-efficacy, anxiety and self-esteem of both female and male students. As the grade levels
of both male and female students increased, their averages decreased. In addition, it was
seen that mathematics self-efficacy and anxiety were significant predictors of mathematical
self, and the strongest predictor was self-efficacy.

Dolek (2022) worked with 425 primary school 3rd and 4th grade students and 425 parents to
determine the effect of parents’ math anxiety on primary school students' math
achievement, attitude and anxiety. The results obtained from the study show that parental
anxiety affects students' mathematics achievement and mathematics attitudes negatively,
3rd grade students' math anxiety positively, and 4th grade students’ math anxiety

negatively.
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Math anxiety is a feeling of fear, tension, or nervousness that arises when a person is faced
with a math problem or a math-related task. It is a psychological condition that can affect
people of all ages and backgrounds and can have a negative impact on their ability to learn
and perform math. (Helen Moriah Sokolowski, 2017)

Students with math anxiety may experience physical symptoms such as sweating, rapid
heartbeat, or even panic attacks when faced with a math problem. They may also have
negative thoughts and beliefs about their ability to solve math problems, which can lead to
avoidance of math-related tasks and decreased performance in math. (Math anxiety: What it
is and how to overcome it, 2022)

Math anxiety can be caused by a variety of factors, including past negative experiences with
math, a lack of confidence in one's math abilities, or pressure to perform well in math from
parents or teachers. It can also be a result of cultural or societal beliefs about math and its
perceived difficulty. Fortunately, math anxiety can be treated and overcome with the help of
various strategies, such as exposure therapy, cognitive-behavioral therapy, relaxation

techniques, and academic support programs. (Supekar, 2015)

In general, treatment of math anxiety may involve a combination of strategies that can help
children develop a positive attitude towards math and build their confidence. These
strategies include cognitive-behavioral therapy, exposure therapy, relaxation techniques,
and academic support programs. (Enmke, 2022)

In Poland, schools rarely provide extra support for students who struggle with math, such as
additional tutoring or small-group instruction. Some teachers use innovative teaching
methods and materials to help students learn math in a more engaging and interactive way.

Overall, the treatment of math anxiety in Poland is similar to approaches used in other
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countries and involve a combination of different strategies tailored to the individual needs of
each student. Some initiatives focus on use innovative teaching methods. For example,
teachers use games, puzzles, and other activities that involve numbers to make math more
fun and less intimidating. They also incorporate real-life examples and situations to show
how math is relevant to everyday life. (Bunda, 2009) Overall, the goal of these initiatives is to
create a positive and supportive learning environment for students and to help them

develop confidence in their math abilities.

Authors
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Definitions of anxiety cover disorders of everyday life, emotional reactions to threats and
psychopathological disorders. Wide and general definitions describe anxiety as an emotional
response to a real or imagined threaten or stressful event (Sun & Alkon, 2014). Anxiety can
also be characterised by context or stimuli, such as social situations, maths tests (Dorenkamp
et al., 2018).

Everyone can experience anxiety at certain times, but the frequency, duration and intensity
can vary between individuals. Anxiety in the present moment reflects an emotional response
that has been triggered by the threat of an existing situation (Croyle et al., 2012; Potvin et
al., 2013). It disappears once the threatening situation has passed. Social anxiety referred to
fears about social situations in which a person may have to interact with other individuals,
be the centre of attention, or perform in front of an audience (American Psychiatric
Association, 2013). Although anxiety episodes do not obviously affect daily life, their effects
may be less visible, such as impaired cognitive function. Anxiety has the effect of interfering
with working memory, resulting in reduced information processing capacity and efficiency
(Bunce et al., 2008).

In a situation of anxiety, a person may experience a variety of symptoms, such as:
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- neurological - headaches, dizziness, sleeplessness, fainting

- digestive - sickness, vomiting, diarrhoea, dry mouth, indigestion

- respiratory - breathlessness, rapid breathing

- heart - chest pain, heart palpitations, tachycardia (cardiac arrhythmia), high blood pressure
- muscles - tiredness, trembling

- skin - sweating or itching

- urogenital system - frequent urination, sudden urination (Testa, Giannuzzi, Sollazzo,
Petrongolo, Bernardini, Daini, 2013).

Maths anxiety is a negative emotion experienced during maths learning and testing,
characterised by worrying thoughts, emotional fearfulness, distress and somatic symptoms
(Hopko et al., 2003). There are several types of mathematics anxiety: anxiety experienced
when taking the test and anxiety experienced in classroom situations (Hopko et al., 2003;
Cipora et al., 2015), anxiety experienced when performing basic mathematical operations
and manipulating with numbers (Kazelskis, 1998; Baloglu, Zelhart, 2007). Pieméram, test
anxiety is caused by assessments that are perceived as threatening. Test anxiety can be a
condition of anxiety that is a passing reaction as a result of being tested and a trait that
reflects a personality characteristic that continues after any specific testing situation (Croyle
et al.,, 2012). Maths anxiety is related to maths calculations. Individuals with math anxiety
tend to avoid any context involving mathematics in any form, e.g. individuals with math
anxiety are much less likely to engage in math-related activities. When solving mathematics
problems, individuals with high maths anxiety tend to react quickly and ignore precision
(Ashcraft, 2002). Maths anxiety can affect maths performance by causing learning avoidance
(Hembree, 1990; Namkung et al., 2019; Ramirez et al., 2018) and reduce cognitive resources
during problem solving (Ashcraft, Krause, 2007; Suarez-Pellicioni et al., 2014). Typically,
there are gender differences in the experience of mathematics anxiety. Women are more
frequently reported to have maths anxiety (Hembree, 1990; Ma, 1999).

Anxiety can arise from all kinds of mathematical tasks, also from activities that require
spatial thinking, which is also defined as spatial anxiety (Ferguson et al., 2015). Statistical
anxiety is a current issue among students. Statistical anxiety is an anxiety arising from
statistical courses or statistical analyses (Cruise et al, 1985) and statistical anxiety is different

from anxiety or maths anxiety (Onwuegbuzie, Wilson, 2003; Paechter et al, 2015). Up to 80%
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of students experience statistical anxiety, which leads to delays in their studies. Statistics is
considered to be the most anxious course in the degree programme (Chew, Dillon, 2014).
Global anxiety is a type of anxiety that does not fall into one specific anxiety category (trait,
position, social, test or maths anxiety) and it can combine two or more categories into one

value (Dorenkamp et al., 2018).

There is no research about that topic in Latvia.

58
Co-funded by the European Union. Views and opinions expressed are however those of the
R Co-funded by author(s) only and do not necessarily reflect those of the European Union or Fundacja
RS the European Union  Rozwoju Systemu Edukacji. Neither the European Union nor the granting authority can be

held responsible for them. Project no. 2022-1-PL01-KA220-HED-000086524



Authors:
Filippo Bogliolo

Emanuele Micheli

Mathematical knowledge contributes to the cultural formation of individuals and
communities,

developing the ability to relate 'thinking' and 'doing' and offering "thinking' and 'doing' and
by offering tools for perceiving, interpreting and interpret and connect natural phenomena,
concepts and man-made natural phenomena, concepts and man-made artefacts, everyday
events.

In recent years, the method of teaching mathematics in primary schools in most parts of
Italy has changed. Mathematics is both science and technology, and therefore, being
considered a scientific subject, it goes hand in hand with technology. If technology becomes
modern, the technological and non-technological methods of teaching mathematics will also
change. Until about ten years ago, mathematics was taught in Italy according to an 'ancient’
method, we can talk about teaching algorithms and formulas without a precise aim. What
are the main limits of the approach that was traditionally followed? There remains a
fundamental error in the way school work is set up: Anything other than lectures and written
assignments on notebooks was often seen as a waste of time.

Nowadays, however, the method has changed, the tools have changed. We try to pass on
the usefulness and practicality of what is taught. Specific and direct applications are sought.
This is the only way to get the children's attention.

In Italy, as in all schools around the world, mathematics is taught from primary school
onwards. The school's objective cannot be above all to pursue the development of individual

techniques and skills.
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The aim of schools cannot be to develop individual skills and competences; rather, it is to
provide each person with a solid cognitive and cultural education so that they can cope
positively with the uncertainty and change of present and future social and professional
scenarios.

the uncertainty and changeability of present and future social and professional scenarios.
The school is called upon to create educational pathways that are more and more to the
personal inclinations of the students, with a view to enhancing. The school is called upon to
create educational pathways that are increasingly responsive to students' personal

inclinations, with a view to enhancing the particular aspects of each individual's personality.

Computational thinking originated with robotics and can be applied through mathematics.
Many of the robotic problems of coding and computational thinking go hand in hand with
mathematics. Robotics is seen as a tool.The teaching of science and mathematics benefits
from analyzing the forms of mathematical reasoning used in science and from coordinating
the teaching of mathematics and science in schools. This coordination is particularly useful in
the education of primary school children.

Research in Mathematics Education has had a rapid and unexpected international success,
with very few precedents in the world of science. unexpected international success, with
very few analogous precedents in the world of science. less than half a century, an
autonomous scientific discipline with its own journals, conferences and publications,
rigorous criteria to which all scholars and researchers in the world are subjected, leading to
specific courses that have been held for decades in university faculties, specializations,
masters and doctorates. research doctorates.

One of the most widely used methodologies in Italy for the development of teaching
activities related to mathematics is P&PBL (Project & Problem-based Learning), in the belief
that traditional science teaching/learning does not stimulate curiosity about natural events
and everything related to phenomenology observed in reality. Practical applications and the

use of real contexts must be the "starting point" for the development of the scientific idea.
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The methodology mostly used in Italy in primary schools for teaching Mathematics is the
PP&S (Problem & Posing Solving), in the belief that a traditional teaching/learning of
Mathematics does not allow to understand its pervasiveness, its depth and its important
applications in everyday life. The PPS is one of the methods that can most easily be
combined with robotics. Robotics is used in this and all following applications as a teaching
tool. Mathematics, being a scientific subject, is thus well complemented by robotics.
Computational thinking originated with robotics and can be applied through mathematics.
Many of the robotic problems of coding and computational thinking go hand in hand with
mathematics. Robotics is seen as a tool. The methodology consists in starting from a real
situation in order to stimulate the ability to solve a problem after having paid attention to its
posing: the student is not limited to the mechanical application of learned formulas and pre-
packaged recipes but is confronted with a problem that cannot be traced back to something
known, nor is he in possession of the method that leads to the correct result. This method is
found at the end of a research path in various stages, from the reduction of the problem into
simpler and more easily solvable parts to the assumption of new points of view and different
possible directions.

Multiplication is introduced at the beginning of primary school, but its properties are usually
introduced after rote memorisation of multiplication facts.

In primary school, the basic concepts of the various calculation operators are taught. From
multiplication to division and from subtraction to addition. All these concepts, however,
need an application, and before that they need a practical reality. In Italy, the concept or
rule is often derived from practical experience. Visual calculation is one of the most
important lessons introduced in primary school. Placing two quantities side by side to
estimate the sum or deleting an object to introduce subtraction. In this way, it will be

possible to introduce much more difficult and at first glance abstract concepts such as

pygreque.
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One way of introducing the concept of the pygreque to primary school children is to use a
string and see how many times | have to multiply the diameter to obtain the perimeter of a
circle.

Again, | can represent 3 squares constructed with the diameter and calculate the area of that
same circle.

So that's what is meant by visual calculation and learning from practical experience.

One of the most important issues in mathematics education research concerns language.
Language, a cultural artefact par excellence, plays a fundamental role in learning processes
and classroom practices, as widely recognised in numerous literature studies.

A large proportion of students' failures can be attributed to language problems. To
understand the comprehension difficulties that many students encounter in mathematical
activities, a cognitive approach is needed: it is important to investigate what characteristics
underlie the diversity of mathematical processes. Mathematical activity is characterised by
the dominant importance of semiotic representations and their great variety. Understanding
in mathematics presupposes the coordination of at least two registers of semiotic
representation. Such coordination does not come naturally to students.

Primary school pupils in Italy have a good level of competence in mathematics: this is the
picture that emerges from the international lea Timss 2019 survey, which overall sees an
improvement in mathematical skills.

TIMSS report, Italian students better in mathematics but female students improve. Dialogue
with Laura Palmiero (Invalsi) INTERVIEW

Overall, Italian fourth grade students achieve an average score of 515 in mathematics,
significantly higher than the international average and similar to that of 12 other countries,
including Germany, Sweden, Poland, Bulgaria, the Slovak Republic, Croatia and Serbia.
According to the survey, there is a significantly positive difference in number content (7
points higher than on the total scale in mathematics) and a significantly negative difference
in geometric figures and measurement and data representation (-5 points and -17 points
respectively) for IVth grade students.

As a result, Italian fourth graders know essential mathematical and robotics concepts and

properties of mathematical thinking to an extent that is not significantly different from their
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overall mathematical abilities, while they are on average better at applying this knowledge
(only 2 points higher on the application-specific scale than on the total mathematics scale,
but the difference is significant).

The greatest difficulty for our students is in logical and systematic thinking, with a specific
disadvantage in the domain of reasoning of 11 points compared with their results on the
overall mathematics scale. These gaps are found in every macro-area.

On the other hand, as far as the Advanced level is concerned, i.e. where pupils are able to
apply their understanding and knowledge in a variety of relatively complex situations and to
explain their reasoning, it should be noted that only 7% of students internationally reach this

level. In Italy, the advanced benchmark has been calculated for only 4% of pupils.

In Italy many initiatives related to mathematics and
robotics are organised.

The Italian Mathematics Olympiad is an annual
competition revolving around six mathematical problems.
The Mathematics Olympiad is promoted and financed by
the Directorate-General for School Regulations and the
Evaluation of the National Education System and is
managed, by agreement, by an educational institution or

body that has been awarded the ordinary restricted

procedure.

The Italian Mathematical Union (UMI) guarantees from a scientific and educational point of
view the implementation of the initiative both at national and international level and has
managed the previous editions of the Olympiad by means of an agreement following the
award of the tender.

Scuola di Robotica, in collaboration with Miur, is ready to launch the sixth edition of the
Robotics Olympiad. The free competition is dedicated to selected students from upper
secondary schools and aims to promote, encourage and support the educational potential of

robotics with particular reference to STEM subjects. The main theme of the 2020/21 edition
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will be the environment and the projects presented will have to identify solutions for
improving environmental conditions. Teams can choose to create robots operating in
aquatic, terrestrial or aerial environments.

And finally, the First Lego League, a robotics competition that confronts students with

problems that can be solved using mathematics, science, technology and robotics.

Augmented reality, like many other robotics tools, has a scientific and particularly
mathematical basis.

In order to create an augmented reality scenario | need to have scientific and technical skills.
On the other hand | can also propose scientific topics like mathematics through applications

and scenarios of augmented and virtual reality.
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Starting in 2016, a gigantic project to digitize the education and training system is being
launched in Romania. The idea came from the Presidential Administration in the context of a
project "Romania educated". This project has been in debate for two years, and starting in
2018 its implementation started.

Based on the new project, a pupil in primary school will have the necessary skills to balance
the theoretical and practical knowledge accumulated, reinforce their own life behaviors, and
be useful wherever they choose to continue their studies further. Complemented by the

following competencies: 1) through the course to acquire age-appropriate cyber security
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knowledge; 2) to excel in areas in which they have particular skills or talents/to which they
feel an attraction; 3) be able to use information technology at an age-appropriate level.
Thus, Romania is looking for methods and strategies to improve the education system in line

with new technologies and European standards.

In Romania, primary school pupils in some schools have the opportunity to develop their
digital skills, and for primary school pupils, additional or optional hours are allocated for the
development of digital competence. In various primary schools, pupils learn the first
programs and games that they use especially in mathematics, where they can apply their
acquired knowledge by applying it to various games. Some schools in Romania have
classrooms with digital technologies that teachers use in the teaching process. Teachers also
use various educational platforms that students apply both in class and at home. From
primary school onwards, the basis for developing logical and computational thinking skills is
laid. In the primary grades, children are at the age of boundless creativity and imagination.
This is the period when they absorb everything and want to know everything. One of the
techniques of computational development is STEM education. A new but very important
concept in education in Romania.

STEAM education has several benefits, among the most important (Li, 2022): a) increased
collaboration; b) increased creativity; c) development of scientific investigation skills. In the
development of scientific investigation skills, we refer specifically to computational thinking,
to develop computational thinking, it is important to formulate the tasks correctly for the
students (Gasnas, 2022; Marin, 2003). The notion of computational thinking was introduced
by Papert (Papert, 1980) and continued by Wing (Wing, 2006). Therefore, it is very important
to develop students' problem-solving skills so that they are capable (Gasnas, 2022): 1)
formulate a problem - consider the scope and details of a real-world problem; define
guestions in relation to the problem; 2) translate problems into mathematical language -
creating or choosing an appropriate mathematical model, and then formulating the question

as a mathematical problem within the model; 3) calculate the solution - use mathematical
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techniques to solve the mathematical problem; 4) evaluate the solution - interpret the

mathematical solution in its original context.

Starting from computational thinking we reach the development of logical thinking for the
formation of algorithmic thinking (Marin, 2003). Mathematics is the discipline that lays the
foundations of logical thinking. It is good that mathematical knowledge that is organized
algorithmically and applied in practice. Using robots, we can make a direct link between
logical, computational thinking, and algorithmic organization.

The mathematics studied in school pursues two important aspects, referring to the aims
pursued namely (Timofte, 2022): 1) the formation of intellectual capacities and specific
abilities, such as logic in thinking, appreciation of the truth, respect for correctness, etc.; 2)
the understanding of some basic notions necessary for the deepening of higher
mathematics, possibly to be studied later, respectively notions necessary for the study of
other sciences.

Based on Piaget's stages of cognitive development
(https://www.britannica.com/topic/human-behavior/Piagets-theory), i.e. at the concrete
operational stage of cognitive development, we can say that students in primary school can
be taught to program, to have concrete experiences in programming with the help of robotic
toys. Pupils can think of paths for robots, they can travel these paths visually or physically,
and pupils can think of which direction they can take when they reach an intersection,
repeat the path or continue the journey (Demo, 2008). We can classify the application of
robots by grade level.

Reviewing robotics for grade 2 with an understand/use-modify-create strategy (Baek 2019):
1) developing logic and algorithmic thinking; 2) training in the basics of programming; 3)
development of planning, and modelling skills; 4) data processing; 5) developing the ability
to abstract and find patterns; 6) the ability to solve practical problems quickly; 7) mastering
the ability to outline, model, and type; 8) knowledge and ability to use universal sign systems

(symbols); 9) developing the ability to evaluate the process and outcomes of own activities.
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For 7-8 years old (grades 1 and 2) the work plan can be organized on several aspects (Baek,
2019): a) conversation; b) game; c) creating a robot according to the model; d) creative
modelling.

For this age group, special equipment is needed to create robots so that they can perform
simple assembly operations and memorize the components of a robot. Using robots for this
age group develops algorithmic thinking, students can express their thoughts freely and
begin to develop the ability to work in teams. Recommended robots are those that are not
yet equipped with additional sensors and sensing devices (Baek, 2019). If we talk about
robotics for 9-11 years old (grade 3 and grade 4), we can talk about the more advanced stage
of using robots. The tasks can become more complicated, and the construction of robots
more complex, especially if students have some experience and know what tasks they have

to do (Bellas, 2019).

Romania participates in international robotics competitions since 2011, in the 2011-2012
season a Romanian team participated in the FIRST Tech Challenge, this competition
promotes STEM education among students, parents, teachers, and communities in general.
(https://ro.everybodywiki.com/FIRST _Tech_Challenge_ Rom%C3%A2nia)

The FIRST Tech Challenge Romania Robotics Championship has several phases. First the
regional phase and then the national phase. In present Romania, there are national robotics
competitions approved by the Ministry of National Education including NEXTLAB.TECH is the
largest school robotics competition in Romania for students aged 8 to 16. The competition is
an online robohackathon. There are teachers in schools who take care of the children's
teams for the robotics competitions. There are also private institutions running various
robotics competitions and their application, of course, these private schools also compete in
national competitions.

Winners of national competitions have also participated in international competitions
(China, Philippines 2018, Denmark, Hungary, China 2019, Canada, Philippines 2020, Russia
2021, Germany, Hungary- 2022), in recent years also online (https://nerdvana.ro/despre-

noi/istoric-performante/). A bigger advance in robotics schools was in 2018 when robotics
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schools appeared on the market: Legooschool, Robohub, and Nextlab. tech, ROBBO, and

others.

In Romania, there are other types of competitions that develop computational and
algorithmic thinking. The National Minecraft for Education Contest has been organized in
Romania since 2018. Contest in which teachers have been trained with the agreement of the
Ministry of Education and which has taken an educational side through which not only
programming but also mathematics, and sciences are taught. Children since primary school
play the Minecraft game. Every second boy in primary school can tell or show how to play
such a game.

Another national competition is Super Coders launched in 2014, the SuperCoders is based on

programming with the free program Scratch.

Authors:
prof. dr Hasan Arslan
prof. dr M.Kaan Demir
Yasemin A. Oztiirk PhD
prof. dr Muzaffer Ozdemir
Tech. Kadir Tunger

The use of technology is advancing and differentiating at a dizzying pace in our age. As these
changes manifest themselves in every field, they also bring about great changes in the field
of education. Because one of the leading goals of education is to provide individuals with
desired behaviors in line with the needs of society, and it is an obligation to prepare
individuals for the future by considering the human characteristics needed by information
age societies. These obligations enable studies in the field of education to progress in

parallel with the development of technology in Turkey as well as all over the world, and
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bring along new teaching approaches in the field of using computers in education. Robotic
Coding is one of these innovative teaching approaches that are very popular today.

Robotic coding technologies can be considered as modern mind tools that can be used in
the problem solving process, encouraging individuals to work collaboratively, enabling
them to participate in academic discussions, and providing the skills to discover and
structure knowledge and apply what has been learned (Ching et al., 2019; Jonassen,

2000; Kopcha et al. al., 2017; Petre & Price, 2004; Yuen et al,, 2014).

Within the scope of supporting robotic coding teaching; Many programming tools have
been developed that can be programmed using the drag-and-drop method with Arduino,
Mbot and Lego robots etc. many teaching tools, robotic circuits such as Tinkercad,
Mblock, Scratch for Arduino etc. with code blocks. With these tools, coding skills are
supported; By producing prototypes, problem solving-logical reasoning, creative
thinking, algorithmic thinking, computational skills are developed, abstract concepts can
be taught through experiential learning, and outputs can be reached to find solutions to
current problems (Anistyasari & Kurniawan, 2018; Monroy-Hern’andez & Resnick,
2008; Proctor & Blikstein, 2018; Rowe et al., 2017; Yagci, 2019). Those who learn
through robotic coding have the opportunity to learn by doing.

Today, with the development of technology, computer science also comes to the fore. The
use of computers in the problem solving process has revealed the concept of "computational
thinking". Computational thinking skills are defined within the scope of 21st century skills.
Wing (2006) states that computational thinking is not only about computer science but also
engineering-mathematics etc. He states that it is also related to fields and that it is a thinking

skill that everyone who is a digital citizen should have.
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The concept of Computational Thinking was first used by Papert in 1996 and can be defined
as "problem solving, system design and understanding human behavior by using the
concepts of computer science" (Gililbahar, Kert & Kalelioglu, 2019). Computational Thinking;

It consists of logic, evaluation, algorithms, patterns, decomposition and abstraction.

algorithms patterns
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Lockwood and Mooney (2017) emphasize that there are many studies showing that

Sekil 3. Computational Thinking

computational thinking can be integrated into fields such as Mathematics, Physics, Biology
and English. Mathematics is at the center of rapidly changing science and forms the basis for
explaining the world (Aminger et al., 2021). It is very important to include computational
thinking strategies in learning environments where mathematics is the basis of scientific
developments and problem solving (Wilkerson & Fenwick, 2017). Computational thinking
and mathematics; It is closely related to the analysis-interpretation of data and the
transmission of information. Students use mathematical representations, data images,
simulations, and graphical representations when they have difficulty expressing findings in
text or spoken language. These sub-tools used in the mathematics course overlap with the
sub-components of computational thinking and show that the two fields are interconnected
(Bozal, 2022). Mathematical thinking is seen as a fundamental factor in learning
programming skills (Sung, Ahn & Black, 2017), computational thinking allows the

mathematical models established in computational thinking to be compared with what is
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known about the real world and to see whether the models are meaningful (Aminger et al.,
2021). Robotic coding is one of the most effective approaches to use computational thinking

in mathematics or to develop computational thinking through mathematical activities.

Robotic technologies are very effective tools in the realization of practice-based learning in
the fields of engineering, science, technology and mathematics (Mataric, Koenig, & Feil-
Seifer, 2007). There are many studies conducted in Turkey that reveal the positive effects of
robotic activities on learning and affective characteristics in mathematics education in
primary and secondary schools. These studies show that the use of robotic coding in
mathematics education provides opportunities for active and collaborative learning
experiences, develops motor skills, is effective in concretizing concrete concepts, increases
the motivation for learning mathematics, makes the learning process more enjoyable,
develops creative problem solving and analytical thinking skills, and develops academic
academic skills in mathematics. They have shown that it increases their success and affects
their learning transfer and computational thinking positively (Cankaya, Durak & Yinkul,
2017; Goksoy & Yilmaz, 2018; Kasalak, 2017; Kazez & Geng, 2016; Somyilirek, 2015; Tekin &
Keser, 2020; Yolcu, 2018).

Thanks to robotic applications, children can concretely explore abstract concepts that
appear as learning difficulties in mathematics (Cinar, 2020; Nugent et al., 2010); they can use
them in the solution of problems related to integers, ratio-proportionality, measurement,
geometry, algebraic equations within the framework of active learning principles (Stripling &
Simmons, 2016). By employing robotic applications in the teaching process with the Z and
alpha generation children, who are children of the information technology age, interest in
mathematics can be increased, and negative attitudes and anxiety, which are obstacles to
children's learning, can be minimized. However, it is not correct to say that using robotic

applications alone improves mathematical learning.
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It can be said that studies on the integration of robotic technology into education emerged
in the early 1980s (Cinar, 2020). The use of robotic technologies in education first emerged
in the USA more than 20 years ago (Chung, Cartwright & Cole, 2014) and has spread rapidly
all over the world. For example, the Scratch platform, which is one of the robotic coding
platforms, has more than 70 language options and the fact that it is free provides ease of
access to the application (Balci, 2022). Many countries have turned to robotics technologies
to increase the interest in applied education (Leonard et al., 2016). The number of countries
that add robotics courses to their education curricula and encourage the opening of after-
school robotics courses is increasing (Mataric, Koenig & Feil-Seifer, 2007). The UK Ministry of
Education launched a new curriculum for the mathematics course in 2016 and also included
algorithm training in the curriculum. Countries that are members of the European Union
have focused on integrating Computational Thinking into training programs related to
robotic coding education. Especially in Finland, students encounter programming and
algorithmic thinking in their primary school years (Balci, 2022). Robotic coding in Turkey, as
in other countries; It is widely used in private and public institutions in the field of education
by taking into consideration within the scope of STEM education. Many educational
institutions in Turkey have included robotics and coding education in their curricula; uses
many different educational tools such as lego robot, arduino, mbot. These tools can usually
be programmed by text-based or block-based coding. These coding tools are generally aimed
at young learners and are programmed with the drag-and-drop method of a number of code
blocks instead of writing complex code sentences that make up a computer program.

The aim of the trainings is to contribute to the development of mathematical thinking skills
in addition to improving coding methods in students. After the 2000s, the Turkish Ministry of
National Education focused on the development of computational thinking skills, robotic
coding, programming, and STEM education, which are also considered within the scope of
21st century skills. It strives to integrate these skills into other courses as well as to include
them in the curriculum as separate courses. Teaching about robotic coding in Turkey;

“Problem Analysis and Solving Approaches”, “Algorithm and Strategy Development
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n

(algorithm creation logic, pseudocode, flowcharts, etc.)”, “Programming”, “Software Project
Development, Implementation and Dissemination” and “Information Technologies and
Software” are presented in the course content. Since 2013, this course is 2 hours and is
compulsory for the 5th and 6th grade levels of secondary school, and it is an elective course
for the 7th and 8th grades. In these courses, computer-free coding and platforms such as
Scratch and code.org are used for coding training, while microprocessor or microcontroller
cards and equipment such as arduino, Lego, Micro:bit are used for robotics training (Yalgin &

Akbbulut, 2021).

1. Information Technologies and Software Curriculum, students;
2. As digital citizens, they should be individuals who have a good understanding of
technological concepts, systems and processes.

To use information technologies effectively and appropriately,

To access, research and use Internet-based services,

3.
4
5. To create a general understanding and technical knowledge of computer science,
6 To acquire and develop problem solving and computational thinking skills,

7 To be able to follow and evaluate the reasoning process,

8 Gain collaborative working skills, benefit from social environments and share what
they have learned as a part of the learning process,

9. Searching for learning opportunities on the internet,

10. To be able to express verbally and visually by developing an understanding of algorithm
design,

11. To be able to choose and apply the appropriate programming approach to solve
problems,

12. Creating technical knowledge on programming,

13. To be able to use at least one of the programming languages,

14. To carry out studies on product design and management,

15. Develop innovative and original projects for the solution of problems encountered in

daily life (problems faced by elderly and disabled people, etc.) (MEB, 2018).
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Block-based programming tools, which are frequently used in robotics and coding
applications, are more suitable for young children (primary school) to use (Strawhacker &
Bers, 2015). For high school and higher level individuals who have reached the age of
abstract operations, it is more appropriate to use basic arduino kits to gain programming
skills (Yolcu & Demirer, 2017). Because, students who will do robotic coding with basic
arduino kits should have knowledge of the characteristics of sensors and equipment they will
use in robotic projects, as well as some basic electronic concepts such as resistance, current,

voltage, serial and parallel circuit setups.

Author
Pawet Petczyriski PhD

The use of robotics in primary school mathematics education is becoming increasingly
popular in Poland, as it can make learning math more engaging, interactive, and fun for
students. Robotics can help students develop problem-solving skills and critical thinking
abilities, as they learn how to program and control robots to solve math problems.

In Poland, several initiatives have been launched to promote the use of robotics in primary
school mathematics education. For example, some schools have implemented robotics
workshops or clubs where students can learn how to program and control robots to perform
various math-related tasks. These workshops often involve hands-on activities and
challenges, such as building and programming a robot to solve a mathematical equation or
navigate a maze. (Robotyka, 2023)

Additionally, some schools have started using robotics kits and software in the classroom to
teach math concepts such as geometry, algebra, and measurement. For example, students
may use robotics kits to build and program robots that can measure distance, angles, and
other geometric properties, or to solve algebraic equations. (Zasonski, 2017) Overall, the use

of robotics in primary school mathematics education can provide students with a fun and
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interactive way to learn math, while also helping them develop important skills such as

problem-solving, critical thinking, and collaboration.

In Poland, mathematics and computational thinking are important subjects taught in primary
schools to help children develop basic numeracy and problem-solving skills, as well as to
introduce them to the concepts and principles of computer science. In addition to traditional
mathematics, primary school students in Poland are also introduced to computational
thinking concepts. This includes basic programming concepts, such as sequencing, loops, and
conditional statements, and computational problem-solving skills, such as decomposition
and abstraction. (Manka, 2017)

Many primary schools in Poland also incorporate computer science and programming into
the curriculum, introducing students to block-based programming languages such as Scratch,
which help to develop computational thinking skills. These skills are particularly important in
today's digital age, as more and more aspects of our lives rely on technology. (K. Bobko,
2018)

Overall, the mathematics and computational thinking curriculum in Polish primary schools
aims to provide students with a solid foundation in numeracy and problem-solving skills, as
well as an introduction to the concepts and principles of computer science. This sets them

up for success as they continue their education and enter the workforce.

The use of robotics in mathematics education in primary schools can be an effective way to
engage students in learning. Here are some basic principles to consider when using robotics
in mathematics education in primary schools: (Lopez-Caudana, 2020)

) Start with age-appropriate robotics kits: Choose robotics kits that are designed for

the age group of students. Some robotics kits are specifically designed for younger children,
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with larger pieces that are easier to assemble. As students progress in age and ability, more
complex kits can be introduced.

] Focus on problem-solving: Robotics can be a powerful tool for developing problem-
solving skills. Encourage students to use the robots to solve mathematical problems, such as
programming a robot to perform a specific task or navigate a maze.

J Incorporate hands-on activities: Students learn best by doing, so incorporate hands-
on activities that allow them to interact with the robots and test their mathematical
concepts.

J Use robotics to teach programming concepts: Robotics can also be used to teach
programming concepts, such as sequencing, loops, and conditional statements.

J Provide opportunities for collaboration: Robotics projects can be collaborative and
provide opportunities for students to work together and share their ideas. Encourage
students to work in pairs or small groups to design and program their robots.

J Integrate robotics with other subjects: Robotics can be integrated with other
subjects, such as science and technology.

Overall, the use of robotics in mathematics education in primary schools can be an effective
way to engage students in learning and provide hands-on experiences that reinforce
mathematical concepts. By following these basic principles, teacher can help students

develop the skills and knowledge they need to succeed in a rapidly changing world. (S., 2021)

In Poland, there are various national and private initiatives aimed at promoting the use of
robotics in education, including in mathematics education in primary schools. Here are some
examples:

The Robomaticon: It is probably the largest Polish robotic event. It takes place in the Main
Building of the Warsaw University of Technology and every year more and more participants
come to it. The main goal of the entire project is to promote and spread knowledge about
robotics and all exact sciences and technologies. (Robomaticon, 2019)

Robotic Arena: an event organized by the scientific circle KoNaR from the Wroctaw

University of Technology. The event attracted such a large number of participants and
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spectators that it was moved to the Centennial Hall - in 2020, the 12th edition of the
competition took place. During this event, there are as many as 18 different competitions to
choose from. These include the previously mentioned sumo-inspired robot fights, there is
also a Freestyle or Micromouse category. (Robotic Arena, 2023)

Liga Robotow: National Robot League tournament. The aim of the initiative is to interest
students in the subject of robotics for Science, Technology, Engineering, and Mathematics
(STEM) education. (Liga robotow, 2023)

Private companies in Poland are also involved in promoting the use of robotics in education.
For example TwojRobot.pl, Planeta Robotow (Planeta robotéw, 2023), Mentor Systemy
Audiowizualne (Edukacja STEAM (science, technology, engineering, art, maths), 2023).
Overall, there are various national and private initiatives in Poland aimed at promoting the
use of robotics in education, including in mathematics education in primary schools. These
initiatives provide valuable resources and support for educators and students, and help to

develop the skills and knowledge needed for success in the 21st century.

There are a variety of computer applications and robotics tools that are used to enhance
mathematics education for children in Poland. Here are some examples:

J Scratch: Scratch is a visual programming language that allows children to create
interactive stories, games, and animations. It can also be used to teach math concepts such
as geometry, angles, and coordinates. (Scratch, 2022)

J Matzoo: This is a portal with a lot of online games to help you learn math. It contains
games suitable for students from all grades of elementary school. (Matzoo, 2010-2023)

J Code.org: Code.org offers a variety of courses and resources for teaching coding and
computer science. Some of their courses include math concepts such as algebra, geometry,
and data analysis. (Code.org, 2023)

These tools can be used in conjunction with traditional teaching methods to provide a more
engaging and interactive learning experience for children. They can also help children

develop problem-solving skills, logical thinking, and creativity.
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Robotics in education includes different applications of robots in teaching and learning, such
as using robots as a support device (communication, motivating students, etc.), replacing a
teacher at one stage of education with a robotic device (reading texts, etc.). However, there
is still a lack of a clear definition of the purpose of introducing robots in education
(Scaradozzi et al.,, 2019). Educational robotics aims to improve the human learning
experience, where pedagogical and technological aspects are essential. It involves
introducing, developing, selecting appropriate activities, tools and technologies with robots,
and activities are pedagogically valid, including appropriate strategies (Angel-Fernandez,
Vincze, 2018).

There are two basic types of educational robots, based on the ideas of S. Papert:

- Build Bots, which students construct before use, e.g. LEGO WeDo, LEGO Mindstorms EV3

- Ready-made User Bots - which can be taken out of the packaging and used immediately,
e.g. Bee-Bot, Blue-Bot, Turtle (Catlin et al., 2019).

Robotics applications focus on ideas and techniques that promote robotics and coding,
multidisciplinary STEM learning that can help students develop strong 21st century problem-
solving skills (Marin-Marin et al., 2021) Educational robotics can impact on student learning,
especially in STEM (science, technology, engineering and mathematics) fields (Castro et al.,
2018). Educational Robotics aims to teach science, technology, engineering and mathematics
through activities using robots, their sensors and their programming. Learning aim also
include arts and humanities education, in which STEM becomes STEAM (Benitti, 2012). New
methodologies that use and integrate science, technology, engineering, arts and
mathematics (STEAM) in education have been rapidly introduced and often used in recent

years and have emerged as a pedagogical alternative that provides a more holistic and
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engaging education to enhance students' progress in different skills (Leoste, Heidmets,
2019), for instance, designe thinking, problem solving.

Integrating robotics-based activities into classroom learning enables diverse practice,
encourages students to collaborate and allows them to reflect on their learning (You,
Chacko, 2021). Integrating educational robotics into the educational process provides
opportunities for students:

- Improve problem-solving skills by making complicated concepts easier to understand,
research and make decisions.

- Increase self-efficacy: the natural manageability of the robot encourages experimentation,
discovery and rejection, and therefore increases the learner's self-confidence, as they have
the feeling that they are in control of the machine. It also strengthens pupils' critical
thinking.

- Improve algorithmic thinking: pupils learn algorithmic thinking to decompose a large
problem into smaller ones and then solve it. They learn to focus on important information
and reject irrelevant information.

- Increase creativity by learning with knowledge in a more playful way. Learning turns into a
fun activity and becomes more attractive and interesting for the learner (Evripidou et al.,
2020).

Educational robotics promotes:

Teamwork: promotes socialisation and cooperation, by coordinating and pooling
knowledge/skills, students will solve problems.

- Leadership and confidence: confidence in oneself and own abilities increases when taking
on more difficult challenges. This self-esteem is enhanced by tolerance of disappointment
when they do not do what is asked of them the first time.

- Entrepreneurship: students develop new skills based on experimentation and try/mistake.
This awakens in them the desire to innovate, to think autonomously and thus to carry out
their own projects.

- Logical thinking: robotics promotes logic and reasoning, so it is indirectly useful for working
on philosophical thinking. It is a process in which analytical thinking can be improved

through numerical calculations and logic programming schemes.
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- Creativity: imagination is always present as pupils have to design different models, robots,
constructions.

- Curiosity: faced with a traditional repeating system, the student is the central figure as he
has to produce the material using his own resources. Curiosity to discover something new
increases their learning capacity.

- Concentration: works well with the most restless student who find it difficult to
concentrate.

- Mathematics: improving problem solving, mathematical operations and reasoning (Amo et
al., 2021).

Early learning of educational robotics helps reduce the gender gap in science and
engineering, improves children's self-efficacy and confidence to invent new things (Zviel-

Girshin et al., 2000).

Definitions of Computational Thinking:

- Thinking that solves problems in computer science and that requires abstract thinking;
related to the ability to solve problems in computer science (Papert, 1980).

- Thinking processes involved in formulating problems and their solutions so that they can be
represented in a form that can be implemented by a human or a computer (Wing, 2019).

- A set of skills that connect basic cognitive skills involved in complex tasks such as
abstraction, computational thinking and data representation (Brennan, Resnick, 2012).

- A way of finding solutions by clearly defining the steps (Csizmadia et al., 2015).
Computational Thinking contains key principles:

- Understanding the interaction between computers and people;

- The ability to create algorithms to solve problems;

- Abstraction and the skills to find and use information;

- Problem analysis: possible solutions and prediction of other problems;

- Communication: be able to explain problems, provide possible solutions;

- Teamwork: actively collaborating with others to solve problems (Papert, 1996).
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Algorithm(s) - used for planning and designing simple actions to solve problems (Yongheng
et al., 2020; Selby, Woollard, 2013). Computational Thinking Educational Policy Initiatives
(CTEPI)) have developed particularly rapidly since 2006 (Hsu et al., 2019). Algorithms do not
depend only on the programming language used. Each algorithm can be expressed in
different programming languages and on different devices (computer, tablet, smartphone,
etc.). For this reason, algorithm design is the core of computer science. Algorithm
development is a complex intellectual process, much more difficult than converting an
algorithm into a program (Angeli, Giannakos, 2020).

Computational Thinking stages:

o Abstraction; In the context of educational robotics environments, abstraction occurs
when students design robots with a limited response to conditions that might arise in reality.
During the abstraction phase, students should consider different ways to make their robots
interact with the real world; they should also consider abstracting the input and output of
their program

o Automation; In the context of educational robotics environments, abstraction occurs
when students design robots with a limited response to conditions that might arise in reality.
During the abstraction phase, students should consider different ways to make their robots
interact with the real world; they should also consider abstracting the input and output of
their program

. Analysis (Qu, Fok, 2021).

The main essence of Computational Thinking is the ability to think like a computer scientist
when faced with a problem (Labusch et al., 2019). It can be integrated into any life situation,
as a step-by-step, logical way of solving problems, which is why its importance is particularly
emphasised and why it is recommended, age-appropriately, from pre-school onwards.
Computational Thinking is recognised as an essential component of student success in the
digital age. Many researchers argue that integrating Computational Thinking into the core
curriculum is the best way to ensure that all students have access to Computational
Thinking. However, similar to what has already been described for robotics, the
Computational Thinking community lacks a coherent conceptualisation to facilitate this

integration, and there are authors who point to the fact that too little effort has been made
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to critically analyse and synthesise research findings on the integration of Computational
Thinking content into the curriculum (Kite et al., 2021).

Educational robotics and robotics curricula can promote computational thinking (Bers,
Flannery, Kazakoff & Sullivan, 2014; Chen, Shen, Barth-Cohen, Jiang, Huang & Eltoukhy,
2017; Leonard, Buss, Gamboa, Mitchell, Fashola, Hubert & Almughyirah, 2016), improve
motivation (Gomoll, Hmelo-Silver, Sabanovi¢ & Francisco, 2016; Master, Cheryan, Moscatelli
& Meltzoff, 2017), enhance collaborations (Hwang & Wu, 2014; Menex, Higashi, Schunn &
Baehr, 2017). Robotics is an powerful tool for hands-on practice for both robotics itself and
general content in science, technology, engineering, and mathematics (STEM) (Gomoll et al.,
2016).

Techniques for learning Computational Thinking by using:

e coding toys (Code & Go robotpeles, Cubetto, KIBO u.c.);

e robot kits (Wonder Workshops roboti, Dash & Dot, LEGO® Mindstorms EV3, LEGO® WeDo
2.0 kit u.c.);

® board games;

e augmented reality tools;

e applications/websites for developing programming concepts;

e animation / game development tools (Ching et al., 2018).

In the educational environment, the analysis of technology-enriched learning has several
directions, one of which is: the pedagogical conditions for the use of technological solutions
in order to enhance students' learning from the perspective of learning outcomes (Daniela,
2018). Learning mathematics is not only facilitated by robotics, but the teacher, the activity
and the learning situation play a key element in mathematics education (Zhong, Xia, 2020).
Robots can be used for a number of purposes, from simple tools that can be programmed to
behave in a certain way, to peer-to-peer interactions for collaborative learning, coding,
design, maths and physics, and can be integrated with other areas of knowledge and

tenhance the development of creativity (Daniela, 2022). Educational robotics can contribute
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to the development of transversal skills such as communication and cooperation (Vitanza et
al., 2019)

Educational robotics is useful in mathematics, also in other fields such as science,
engineering and technology (Felicia, Sharif, 2014). Educational robotics activities are
developed in a multidimensional problem space, requiring the integration of activities such
as programming, building and environmental aspects. When learning robotics, students have
the opportunity to take on roles in the group that are consistent with these multiple
dimensions (e.g. programmer, builder and analyst). Group roles are an important element in
all areas of learning, but especially in computer-based collaborative learning environments,
as roles help to regulate group activity and learning (Keith et al., 2019). Robotics is
recommended to be learned in pairs or groups rather than individually on the reason that
pair learning in robotics education is obtained from pair programming and is influenced by
many factors such as friend support, communication, cooperation in correcting mistakes of
other group members (Zhong, Wang, 2021). Students use educational robotics to make
positive changes in their personal development (Felicia, Sharif, 2014).

Cooperative learning is a widely used model for implementing robotics education. There are
many studies investigating cooperative learning in various robotics activities. There are no
statistically significant differences between pairs and no significant differences in learning
outcomes between pairs with different learning styles (Zhong, Wang, 2021). However, there
are risks associated with dividing students' work into pairs or groups:

- The "free rider" problem; there is a risk that there will be a student who will not participate
in the process, who will "get off" at the expense of another who knows and understands
what needs to be done;

- Conflict of interest; there may be a difference of opinion on how best/successfully to do
the task;

- Fixed roles; there is a possibility that roles are assigned and each student does not develop
himself/herself, but stays in place in what he/she knows well;

- Group thinking; none of the students go too deep because they expect someone else to do
the task for them, as a result none of the students learn and the task is not completed

(Konijn, Hoorn, 2020).
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Teachers should motivate pupils to take an active part in the educational process. Teachers
should recognize the potential of educational robotics in mathematics education (Shih et al.,
2012; Keren, Fridin, 2014). Educational robotics can be used for different purpose:

1. as a teaching tool, pedagogical methods where the robot is used as an ICT instrument/tool
to achieve a aim and learning outcomes, for instance, in mathematics

2. as a cognitive, educational object, where robotics is just an additional subject with its own
curriculum, and the student learns and understands the concept of robotics, the technical
knowledge of how it works, how it is programmed and how it can be controlled;

3. as social robots, where they interact naturally with humans and behave in ways similar to
human traits;

4. as a valuable tool that can help students develop cognitive and social skills (Angel-
Fernandez, Vincze, 2018).

Characterisically, the most commonly used and effective teaching methods in the context of
educational robotics:

- project-based, challenge-based, competency-based learning;

- problem solving, collaboration;.

- discovery, adventure;.

- simulations (Amo et al., 2020)

Educational robotics integrates learning and play, making education a joyful process.
Learning is simpler, much more timely and effective when it is accompanied by play.
Robotics is an educational resource that stimulates students' interest and curiosity through

enjoyable activities. (Eguchi, 2010).

From 1st September of the school year 2022/2023, the new education standards and
curricula established by the Skola2030 project (Skola2030) has been implemented in schools.
The curriculum standard includes a new subject - informatics. Informatics is integrated into
other subjects from 1st to 3rd grade, such as art, social studies, mathematics. For example,
in mathematics lessons in Grade 1, students learn linear algorithms in the topic "How to say

and show: how many, where, who?". In Grade 4, informatics is a separate subject.
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Informatics subject mainly includes computer literacy, computational thinking. In computer
science, about a third of the teaching time is devoted to programming. Based on the
school's facilities, teachers may choose to teach a graphical programming language and/or
robotics.

The STEAM Masterminds project at the University of Latvia is an example of how
mathematics, robotics (programming) and science are interlinked. This project developed
curriculum for students in grades 4-6 (France, Bertule, 2019). Pupils learn the topic from
different angles and the knowledge they acquire in mathematics lessons is applied in
robotics and/or science. All the lessons in the module are interlinked. For example, in the
"Car racing" module in science lessons, students build simple balloon-powered cars;
students are using the knowledge from mathematics lessons. In programming lessons, pupils
create a car racing game in Scratch or build racing robots - they have to program a Lego EV3
robot to drive around a track.

There are private initiatives for robotics such as LearnlIT, AlfaRobot, RoboScientists, RoboHub
and many others, most of which provide extra-curricular activities for students to build on
and deepen the knowledge they have acquired. Currently, robotics lessons are about
improving maths skills and knowledge, not the other way around, and it is important to
mention that in most cases these lessons are not free.

According to data collected by LETERA (Latvian Electrical Engineering and Electronics
Industry Association), there are more than 60 interest education institutions across Latvia
offering robotics and electronics-related classes to children of different ages. Most of the
classes are concentrated in Riga, but such classes are also available in other parts of Latvia.
The red dots in the figure represent the official educational institutions (mostly electronics
and technology-related secondary schools, technical colleges, also universities), while the
grey dots represent all providers of education of interest. It should also be noted that at
least some of the providers have classes not only in one location but also in schools,
kindergartens, youth centres, etc.; robotics clubs are now available all over Latvia in schools,
kindergartens and in institutions of interest (LETERA, 2019).

One of the first pioneers of the robotics movement was Agris Nikitenko, head of the RTU

Robotics Club, who created the first robot in Latvia, as well as a technique that helps in
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feeding livestock (a feed feeder). In the RTU Robotics Club, he not only runs clubs where
students are taught how to build robots, how to program, but also organises Robotics
Championships. One of the best attended championships is the "Solar Cup" organised by the
Institute of Physics of the University of Latvia, where robots and other solar-powered
devices compete. Robotics championships are now popular all over the world, with students
from Latvia participating with great success. In Latvia, robotics classes are available as an
interest group. In Latvia, one of the companies that has been distributing robotics
equipment for education for more than 10 years is Robot-Nest, which sells, for example,

Lego Mindstorm, Makeblock, as well as simpler programmable robots - Sphero balls.

The most popular sites for interactive material are: www.smartboard.lv - a company that
offers modern interactive whiteboards and various other up-to-date technologies such as
interactive tables, student response voting systems, wireless tablets, data document
cameras, conference management software, etc. The company's website offers a variety of
interactive learning materials for mathematics (MM; Smartboard). www.activboard.lv -
various digital resources for mathematics, as well as sample digital worksheets from
Lielvards. www.skolotajs.lv - all materials on this site are created and contributed by
teachers who are willing to share their positive experiences. The site is not as active now,
but it still contains very interesting and useful exercises, games, presentations and other
activities. http://www.dzm.lu.lv - 3 years of rich learning material to help you learn new
topics, reinforce what you already know and broaden your horizons. The website offers
learning materials for both teachers working in the classroom and students learning
independently. Activinspire is required to use the learning materials on your computer. The
materials are designed to provide students with personally relevant, real-life learning
content (DM and MM; dzm.lu)

Materials could be used in education process:

https://www.roadgames.com/Iv

https://maciunmacies.valoda.lv/

https://drossinternets.lv/lv/info/izglitojosas-spelesuzdevumi
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http://www.cirkulis.lv/matematika/

https://macibas.e-skola.lv/

https://www.uzdevumi.lv

https://www.e-klase.lv/

https://www.skola2030.Iv

https://soma.lv

Studies in several European countries have shown that a significant percentage of children
aged 5-7 already use technology for at least 2 hours a day. In the UK, 95% of 5-7 year olds
use technology in their daily lives (mostly touchscreen tablets) and 35% have their own
touchscreen tablets. The majority (71%) of children use YouTube to watch animated films
and fun videos (Ofcom, 2017). Technology use is also high in Latvia. Almost one in two
babies (47%) use technology by the age of 2. By contrast, between the ages of three and six,

mobile devices and other technologies are used by 89% of children (Dardedze, 2016)

Authors:
Filippo Bogliolo

Emanuele Micheli

Since the end of the 20th century and the early years of the 21st century, the widespread
use of digital technologies has led to a review of education systems with the aim of achieving
lifelong learning, i.e. lifelong learning that "embraces all aspects of life and takes place in
every place of life (not only in formal learning spaces such as schools, universities, research
centres, etc.)". This new educational strategy includes e-learning, i.e. the possibility of using
the Internet to learn at a distance, eliminating the need for physical presence in a given
context.

This has been made possible by the enormous development of the Internet since the late

1990s, which has reinforced a phenomenon of renewal of the "production of scientific
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knowledge" (Gibbons, Limoges, Nowotny et al. 1994). In fact, the advent of the Internet has
led to an exponential increase in virtual communities and networking, which has led to a
growth in interpersonal relationships and knowledge. In addition, the ease of sharing has
made it possible to pool different knowledge and share ideas and projects even in different
parts of the world.

With the arrival of Web 2.0 in the early 2000s, 'users became more and more subject-
authors in a context of sharing or collaboration; the Internet is less and less a place where
people search for information and more and more a place where they build personal
contents with tools such as blogs and wikis, share resources and communicate in more
engaging ways through tools such as instant messengers, podcasts, photo or video sharing
services'.

All this has had an inevitable impact on school and learning systems, including certain
theories such as the constructivism theorised by Jean Piaget and applied to learning theories
by Seymour Papert during his time at the Massachusetts Institute of Technology in Boston.
"A former collaborator of J. Piaget, together with M.L. Minsky, with whom he worked at MIT
on research into artificial intelligence, he devised the first version of the programming
language Logo. He developed a pedagogy (constructionism) according to which learners
themselves contribute to constructing concepts by interacting with appropriate materials,
called cognitive artefacts, which, used in a cooperative environment under the guidance of
the teacher, facilitate learning; even the computer becomes a material for developing this
process."

"If a man is hungry you can give him a fish,

but better still is to give him a fishing line and

teach him to fish."

S. Papert

In this new context, the phases of the lesson are also changing and one of the most popular

methodologies for planning a lesson, both in presence and at a distance, is the 4Cs.
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These letters represent four phases to be applied to the lesson:

Connect: in this phase it is important to develop explicit links between the subjects and the
students' curiosities. This creates engagement and connection between the students, the
teacher and the subject.

Construct: the second phase is based on learning by doing, i.e. the possibility of learning
through reasoning, physical creation and manual work.

Contemplate: The construction phase is followed by a contemplation phase. In this precise
moment, students are asked to observe what has been built in order to deepen and
understand and develop new connections between previous knowledge and new topics.
Continuous: in the last phase there is a sharing of the work done with other students and the
preparation of the next lessons thanks to a mechanism based on curiosity and stimulation.

Learning is more fun and enjoyable if an appropriate challenge is maintained.

The classic set-up is a class where the teacher gives a frontal lecture explaining concepts to
the students and answering questions. This is followed by a phase of private study by the
students at home in which the knowledge acquired during the lesson is consolidated. Finally,
the teacher checks the student's level of learning by means of a written or oral check on the
knowledge acquired. In this case we talk about standard teaching.

Flipped teaching, on the other hand, was created in 2007 with the aim of enhancing teaching
in difficult contexts. It has an upside-down approach in which, in the first phase in class, the
teacher stimulates the students' curiosity, they then develop and produce materials in the
second phase at home and finally present them to the class, sharing what they have learned
with the rest of the students. In this way, the student becomes directly responsible for his or
her own learning and is stimulated by an engaging environment that works through the
acquisition of skills and not through the transfer of knowledge. It also increases the degree
of inclusion and sociability within the class group.

However, this does not mean eliminating the previous teaching methodologies but

increasing the degree of authority of the teacher who does not merely transfer and evaluate
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content but guides the student in a process of elaboration and stimulates him to learn by
expressing his own abilities.

The role of the student also changes and he/she will not limit him/herself to acquiring
contents in a passive way but will have to cooperate and interact with the teacher and the
class group in order to develop new skills through the experimentation of new activities. The

intrinsic aim is to develop greater autonomy.

Flipped classroom methodology is an innovative approach to teaching that is gaining
popularity in secondary schools in Italy. In a flipped classroom, students are given the
opportunity to learn the material outside of class, usually through video lectures, readings,
or online resources. This frees up class time for more interactive and engaging activities,
such as discussions, problem-solving, and group projects.

In a secondary school setting in Italy, the flipped classroom methodology can be
implemented in several ways. One approach is to assign video lectures or readings to
students as homework, and then use class time for hands-on activities that reinforce the
concepts learned in the videos or readings. For example, a history teacher might assign a
video lecture about the Roman Empire for students to watch at home, and then use class
time for a debate or role-playing activity that explores the social and political structures of
ancient Rome.

Another approach is to have students work on collaborative projects outside of class time,
using online tools such as Google Docs or Slack to collaborate and communicate with their
peers. This allows students to learn from each other and to develop important skills such as
communication, collaboration, and problem-solving.

The benefits of the flipped classroom methodology in secondary schools in Italy are
numerous. It allows for a more personalized learning experience, as students can work at
their own pace and focus on the areas where they need the most support. It also fosters a
more engaging and interactive learning environment, as students are encouraged to ask

guestions, explore ideas, and collaborate with their peers.
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Overall, the flipped classroom methodology is a promising approach to teaching in
secondary schools in Italy, and it has the potential to improve student engagement, learning
outcomes, and overall academic success.

Scuola di Robotica is using in different ways with his schools networks the flipped classroom,
usually using online software as Padlet and Google Jamboard.

In Math and in General in STEM Scuola di Robotica is following successfully different project
and lessons.

For istance to teach Neural Network SdR is using an interactive padlet to introduce the
mathematical concept and the “simulated” function of a Neural Network. In the picture you
can see the neural newtork created with the methodology of flipped classroom and the use

of a shared board as padlet.
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The flipped classroom methodology can be particularly effective in the context of
educational robotics in Italy. Here are some steps to implement the flipped classroom

approach in educational robotics:

1. Create video tutorials: As a teacher, you can create video tutorials on various robotics
concepts such as programming, sensor integration, and mechanics. You can use
various online tools to create these tutorials, such as screen-casting software, online
whiteboards, or presentation tools like Prezi or PowerPoint.
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2. Assign video tutorials as homework: Once you have created video tutorials, you can
assign them as homework to students before class. You can also provide additional
reading materials or online resources to supplement the video tutorials.

3. Provide hands-on activities in class: In the classroom, you can provide hands-on activities
that reinforce the concepts learned in the video tutorials. For example, you can provide
students with robotics kits or programmable robots to work with, and guide them through
the process of building and programming robots.

4. Encourage collaboration and problem-solving: In the classroom, you can encourage
collaboration among students by assigning group projects or problem-solving
activities. You can also use online tools such as Google Docs or Slack to facilitate
communication and collaboration outside of class.

5. Assess student learning: You can assess student learning through various methods
such as quizzes, tests, or project evaluations. You can also use online tools such as
Google Forms or Kahoot to create interactive assessments that engage students and
provide instant feedback.

Implementing the flipped classroom methodology in educational robotics in Italy can provide
students with a more engaging and interactive learning experience, while also promoting
independent learning and critical thinking skills. Additionally, the hands-on activities and
collaborative projects can help students develop important skills such as problem-solving,

communication, and teamwork.

Authors:
Lia BOLOGA PhD
Diana BICLEA PhD
prof. Diana MIHAESCU

Blended learning is a teaching approach that combines traditional face-to-face classes with
online or/and digital learning. It combines face-to-face and technology-based learning and
aims to optimize the strengths of both teaching formats.

The concept of blended learning has evolved over time, and it is difficult to trace its origins

to a single author or source. However, here are some names of authors who have
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contributed to the development of blended learning (B-Learning: Curriculum Design for
Blended Learning (B-Learning, 2023):

J Charles Graham: Graham is a professor of instructional psychology and technology at
Brigham Young University and is considered one of the pioneers of blended learning. He is
the author of numerous publications on the topic and has developed several frameworks
and models for designing effective blended learning environments.

J Clayton Christensen: Christensen is a professor at Harvard Business School, known
for his work on disruptive innovation. He has written extensively on the potential of blended
learning to transform education and advocates for a shift to more student-centered and
personalized learning experiences.

J Michael Horn: Horn is an education strategist and co-founder of the Clayton
Christensen Institute for Disruptive Innovation. He has written several books on blended
learning, including Disrupting the Classroom: How Disruptive Innovation Will Change the
Way the World Learns, which advocates for a more student-centered and technology-
enhanced approach to education.

J Alison Rossett: Professor of Educational Technology at San Diego State University,
Rossett is known for her work on technology-enhanced learning. She has written several
books on the topic, including Blended Learning: Across Disciplines, Across Faculties, which
provides a comprehensive overview of blended learning in higher education.

In blended learning, students typically attend regular classes but also use digital resources
such as videos, online quizzes, and interactive simulations. These digital resources can be
accessed outside of class or integrated into face-to-face classes.

Blended learning can take many forms, depending on the specific goals of the educational
program and the needs of the learners. For example, in a flipped classroom model, students
watch video lectures and complete online activities before class, where they can work on
projects, ask questions and collaborate with peers. In another model, students can take
traditional classes for part of the week and complete online classes the rest of the week
(Bernard et al., 2014).

Blended learning can be beneficial in many ways. By combining the advantages of classroom

instruction with the flexibility and interactivity of digital resources, blended learning can
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provide a more personalized and engaging learning experience. It can also be more effective
and less expensive than traditional classroom instruction because it allows teachers to reach
larger audiences and requires fewer material resources.
There are several ways teachers can use blended learning to enhance instruction and
improve student achievement. Here are some examples (Alammary et al., 2014; Bai et al.,
2020; Bernard et al., 2014; Cakir & Bichelmeyer, 2016; Zainuddin et al., 2020): 1) flipped
Classroom: Teachers can create videos or other multimedia content for students to review
before class, allowing more time for hands-on activities and class discussions during face-to-
face time; 2) online Discussion Forums: Teachers can use online discussion forums to
encourage student participation and facilitate group discussions. This is especially helpful for
shy or introverted students who are reluctant to attend class; 3) gamification: Teachers can
incorporate game-based learning elements into their lessons to make learning more
engaging and fun. This may include online quizzes, simulations and other interactive
activities; 4) personalized Learning: Blended learning allows teachers to provide students
with a more personalized learning experience by providing differentiated instruction and
personalized feedback. Teachers can use online assessments and data analytics to track
student progress and adjust their lessons accordingly.; 5) collaborative Learning: Teachers
can use online tools to encourage collaboration and group work, even outside of the
classroom. This can include online group projects, peer-reviewed events, and virtual study
groups.; 6) flexible Learning: Blended learning can provide flexibility for students who have
to miss class for personal or academic reasons. Online materials and resources are readily
available, allowing students to catch up on missed assignments or review material as
needed.

Overall, blended learning can provide teachers with a range of tools and strategies to
enhance instruction, increase student engagement, and improve learning outcomes. It can
be adapted to a variety of subjects and learning environments, making it an invaluable

method for educators at all levels.
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Blended learning practices in elementary mathematics in Romania are becoming more
common as educators seek to increase student engagement and encourage more effective
learning outcomes. Here are some examples of how Romania is using blended learning in
primary school mathematics:

1. Online Resources: Teachers use a range of online resources, including videos,
interactive simulations and online quizzes, to supplement their face-to-face lessons.
Students can access these resources in and out of the classroom, allowing for greater
flexibility and a personalized learning experience.

2. Interactive Whiteboards: Interactive whiteboards are used in many classrooms in
Romania to enhance teacher-led instruction and encourage a more interactive and engaging
learning experience. These whiteboards can display multimedia content, support real-time
collaboration and provide instant feedback to students.

3. Gamification: Teachers incorporate game-based learning elements into their math
lessons to make learning more engaging and fun. This can include online quizzes, games and
other interactive activities that allow students to practice their skills in a fun and engaging
way.

4, Collaborative Learning: Teachers use online tools to encourage collaboration and
group work outside of the classroom. This can include online group projects, peer-reviewed
events, and virtual study groups.

5. Personalized Learning: Blended learning allows teachers to provide students with a
more personalized learning experience through differentiated instruction and personalized
feedback. Teachers can use online assessments and data analytics to track student progress
and adjust their lessons accordingly.

Overall, blended learning practices in primary mathematics in Romania help create a more
engaging and effective learning environment for students. By integrating a range of digital

resources and tools into the classroom, teachers can provide a more personal, interactive
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and flexible learning experience that improves student achievement and prepares them for
success in the 21st century.

In recent years, blended learning has gained attention and acceptance in Romania, especially
in higher education. Here are some examples of blended study programs in Romania (Ganciu
& Militaru, 2020; Muresanu & Buzoianu, 2020):

J POLITEHNICA University of Bucharest: The university has implemented blended
learning across several of its courses, using a combination of online learning management
systems, video conferencing tools and face-to-face teaching to provide students with a more
flexible and personalized learning experience.

J Babes-Bolyai University: The university has incorporated blended learning into its
medical education program, using online modules, virtual patient simulations and face-to-
face clinical training to help students develop practical skills and competencies.

J SIVECO, Romania: The education technology company has developed a range of
blended learning solutions for K-12 schools in Romania, including an online learning
platform, interactive digital content, and teacher training resources.

J “Grigore Moisil” National University Timisoara: This high school implemented
blended learning in several of its classes, using online quizzes, interactive whiteboards, and
group projects to provide students with a more engaging and collaborative learning
experience.

There is little data about using blended learning in primary school in Romania.

Flipped learning, also known as the flipped classroom model, is a teaching method that
reverses the order of traditional classroom activities. In a flipped classroom, students are
first exposed to new material or concepts outside of class, usually through online videos or
readings. During class, students then engage in more interactive and collaborative activities
such as discussions, group projects or problem-solving exercises that allow them to apply
and deepen their understanding of the material.

Reverse learning models are often facilitated using technology, such as online learning

management systems or video conferencing tools that allow students to access course
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materials and communicate with teachers and classmates outside of class. Flipped learning
can be applied to a wide range of subjects and grade levels from primary school to higher
education (Strelan et al., 2020).

The benefits of flipped learning include increased student engagement, a more personalized
learning experience, and improved retention of material. By allowing students to learn at
their own pace and focus on areas where they need additional support, flipped learning can
help encourage more effective and efficient learning outcomes. Additionally, by enabling
more interactive and collaborative activities in the classroom, flipped learning can encourage
more student engagement and promote the development of key 21st century skills such as
critical thinking, problem solving, and communication.

Designing a course using the flipped learning model involves several important steps. Here
are some general guidelines to get you started (Kizkapan, 2023; Shen & Chang, 2023; Stohr
et al., 2020): 1) Identify Learning Goals: Start by identifying the key concepts or skills you
want your students to learn in your classroom. This allows you to determine which materials
to assign for pre-study and which activities to include during class time.; 2) Create teaching
materials: Create or curate teaching materials to help students learn them before class. This
could be a video, reading material, podcast or interactive simulation. Make sure the material
is engaging and accessible to all students, and make sure you provide clear instructions on
what students should focus on or take notes on.; 3) Plan Lesson Activities: Design interactive
and collaborative lesson activities that allow students to apply and deepen their
understanding of the material. This may include group discussions, problem solving
exercises, case studies or simulations. Make sure activities are aligned with learning
objectives and provide opportunities for students to receive feedback and support from
teachers and peers.; 4) Provide Feedback and Assessment: Regular feedback and assessment
are provided throughout the course to help students monitor their progress and identify
areas where they need additional support. This may include formative assessments, tests or
short written assignments.; 5) Reflect and iterate: Finally, reflect on the effectiveness of the
course and make changes as needed. Solicit feedback from students to identify areas where

instruction can be improved and adjust class materials, class activities, and assessments as

needed.

97

Co-funded by the European Union. Views and opinions expressed are however those of the
Co-funded by author(s) only and do not necessarily reflect those of the European Union or Fundacja
the European Union  Rozwoju Systemu Edukacji. Neither the European Union nor the granting authority can be
held responsible for them. Project no. 2022-1-PL01-KA220-HED-000086524




In recent years, the flipped classroom model has attracted some attention and attention in
Romania. Several universities and educational institutions in Romania have adopted the
flipped classroom model in their courses with positive results, especially in increasing
student engagement and encouraging more active learning (Caballano-Infantes et al., 2021;
Fawzi, 2022). For example, the University of Bucharest has implemented the flipped
classroom model in its English teaching program, and the Bucharest State School of
Computer Science “Tudor Vianu” has adopted it in several of its courses. Additionally, some
Romanian teachers have experimented with the flipped classroom model in their K-12
classrooms, especially in subjects such as math and science.

However, it is worth noting that the implementation and adoption of the flipped classroom
model in Romania (as in any other country) may vary due to various factors such as teacher
training, technology acquisition and cultural attitudes towards education. Overall, although
the flipped classroom model may not be widespread in all classrooms in Romania, it

certainly has potential for further development and adoption in the future.

Authors:
prof. dr Hasan Arslan
prof. dr M.Kaan Demir
Yasemin A. Oztiirk PhD
prof. dr Muzaffer Ozdemir
Tech. Kadir Tuncer

Technological developments have changed the concept of spatial and temporal distance.
Thanks to technology, people who are not in the same place can have the same experiences
jointly. In fact, people in different places have the opportunity to have common experiences
in different time periods. This change has brought about a change in the learning-teaching

processes in the field of education, as in every sector. Education-teaching activities designed
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entirely face-to-face in the same place and in the same time period have begun to give way
to synchronous and asynchronous education-teaching activities. In short, distance education
activities have started to come to the fore. Since 2019, the Covid-19 epidemic all over the
world has accelerated the developments in the field of distance education.

Distance education is a form of education in which face-to-face and other education
methods can be used together, where the learner and trainer are physically in separate
places, time and space flexibility is provided, and communication and interaction are
established in online environments (Kog, 2021). Looking at the history of distance education;
It can be said that it started with the education process by letter in the 1700s. People who
do not have the opportunity for face-to-face education preferred to receive education
through letters and to obtain their diplomas/certificates in this way. In later times, distance
education continued on the basis of radio, TV, computer and internet. With the use of the
Internet, the concept of "online learning" has emerged. It is not the same as online distance
education, distance education includes online learning, it can be said that "online learning" is
the "newest and most popular form" of distance education (Yildirrm, 2020). In Turkey,
especially since the beginning of the 2000s, with the developments in the field of
information and communication technologies (ICT), the educational opportunities offered by
distance education have increased and the number of students benefiting from distance
education has reached millions (Kog, 2021).

Distance education has many advantages such as improving the learner's sense of
responsibility in the learning process, being learner-centered, providing equal opportunities,
supporting individual teaching, and planning/controlling their own learning process by
offering time and space flexibility in a systematic and planned way (Altun, 2020; Duman,
2020). However, when distance education is compared to face-to-face education; There are
also disadvantages that cannot be ignored in terms of reducing communication and
socialization, the existence of learning materials and instructional design deficiencies, and
causing a lack of attention and motivation (Altun, 2020; Zembylas, Theodorou & Pavlakis,
2008). In this case, the need for an eclectic model arose by addressing the limitations and
advantages of face-to-face and distance education. As a result of the researches, the

blended learning model was put forward. The blended learning model can be expressed as a
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combination of face-to-face and online learning experiences (Miller & Mildenberger, 2021;

Williams, Bland & Christie, 2008).
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Sekil 4: Blended learning combines the best of two learning approaches

Advantages of blended learning; It can be summarized as providing a learning environment
suitable for individuals' own learning speed and style, enabling individuals to access different
information and resources at a more affordable cost, providing rich learning materials,
providing equal opportunities, providing the opportunity for individuals to control their own
learning supervision, and reducing the cost of face-to-face education (Cirak Kurt, 2008).
2017; Rovai & Jordan, 2004; Sari, Rahayu, Apriliandari & Sulisworo, 2018; Utami, 2018).
Wilson & Smilanich (2005) also stated the benefits of blended learning; It has been
categorized in 5 different areas as reaching education in a wider area, ease of application,
cost effectiveness, meeting different needs and advanced education (Dursun, 2018).

There are some elements that are essential for the effective implementation of blended
learning: Identifying basic learning needs, considering different learning styles, determining
learning objectives, considering the educational process and user-friendly demonstrations,

and providing follow-up support (Thorne, 2003).
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In order to achieve success in the field of mathematics; It can be used as a tool to increase
students' interest in technology and their interest in learning mathematics. learning models
are needed. In short; There is a need to use the blended learning model. The use of blended
learning environments will bring success in the field of mathematics.

Blended education practices at the primary education level in Turkey appear in the form of
parallel use of EBA and TRT Eba TV as face-to-face and distance education tools. Live lessons
from all levels and classes are offered through EBA and Eba TV. EBA (Education Informatics
Network) is a social educational electronic content network established by the Ministry of
National Education in Turkey, where teachers can benefit from uploaded content and upload
their own content. Students can benefit from many useful content such as EBA course, EBA
test, EBA course online. In addition, live lessons were held by using zoom applications as a
distance education tool during the COVID-19 process.

In addition, there are applications that provide many services such as lectures, materials,
guestions, measurement-evaluation studies, applied activities, interactive modules, which
are used for an extra fee in Turkey. Some of them are: Morpa Campus

(https://www.morpakampus.com.); Vitamin (https://www.vitaminegitim.com/), Okulistik

(https://www.okulistik.com/), Derslink- (https://www.derslink.com/)

The models used in blended education are presented in Figure 5.
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Sekil 5: Blended learning models (Bursa, 2023)

One of the models used in blended learning; It is flipped learning, which is preferred in many
fields and education levels, in which the places of the course and post-lesson activities are
changed, firstly, the students are prepared for the course content through distance
education and then they are applied through face-to-face education (Ash, 2012). Flipped
learning is suitable for educational approaches based on constructivist theory, student-
centered and considering individual differences.

The flipped learning model is a model stated in Bloom's Taxonomy, where the first steps of
learning, knowledge and comprehension, will be learned by the student outside the
classroom, and in the classroom environment, it is a model that aims to take the student to

high-level cognitive steps such as application, analysis and synthesis (Ustiin & Cil, 2022). .
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Sekil 6: Bloom’s Taxonomy and Flipped Learning

Before the face-to-face lesson in flipped learning, students work with online activities and
various learning materials such as e-books, presentations, video recordings, and participate
in face-to-face training in the classroom to discuss the subject and to perform activities such
as group work, projects, and homework. et al., 2022). Thus, with flipped learning; It is
possible to take into account individual differences (especially learning speed, etc.), to carry
out activities that are practical, active participation of students in the face-to-face education
process, and deeper learning (Francis, 2017).

In Figure 7 below, traditional learning and Flipped learning are visually compared.

TRAMTHMNAL CLASSEDOM FLIPPED CLASSEDOM™

WEHILYRRIRG THE WD
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Figure 7. Comparison of  traditional and

learning Flipped learning
(https://www.globsyn.edu.in/blog/how-is-flipped-classroom-flipping-the-role-of-traditional-
classroom-pedagogy)

Flipped learning; Taking into account individual differences, increasing academic success,
taking responsibility for learning, supporting effective time management, students being
more active in face-to-face lessons due to the opportunity to prepare for the lesson,
conducting the lessons without spatial and temporal restrictions, thanks to the distance
education materials offered, the materials of the students before the lesson are many. It has
many advantages such as having the opportunity to read/listen/watch once (Butt, 2014;
Karaca & Ocak, 2017; Mason, Shuman, & Cook, 2013; Speller, 2015).

Below is the visual about the learning process of the flipped learning model in Figure 8.
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Figure 8. The Flipped Classroom Learning Ecology (https://www.mjmobbs.com/p/fcle.html)
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As in the whole world, in Turkey, within the scope of emergency distance education
applications during the Covid-19 pandemic process, as of the second semester of the 2019-
2020 academic year, distance education has been switched from pre-school to higher
education at all levels, instead of face-to-face education, and the use of online learning
environments has become a necessity. . Universities continued the practice of distance
education for about 1.5 years. Then, hybrid applications were started from the 2021-2022
academic year. These hybrid applications differed from institution to institution. Some
universities offer some courses remotely and some courses face-to-face; some universities
have included applications such that part of a course is distance education and part of it is
face-to-face education. In this process, some of the faculty members upload the pre-lesson
preparations as distance education to the related distance education system as documents,
videos or audio lectures and apply the flipped learning model by asking the students to
prepare for the process. Although the pandemic process is over, distance education
applications in Turkey continue to be used in order to use time more effectively in the
course preparation process.

A total of 181 studies, 72 of which were in 2022, as postgraduate thesis, were
conducted between 2015 and 2022 on flipped learning in Turkey (https://tez.yok.gov.tr). The
increase in the number of studies on flipped learning is an indication of the popularity of this

subject in Turkey and the attempts to implement it.

Author
Pawet Petczyniski PhD

Blended learning is an approach to education that combines traditional classroom teaching

with online learning activities. It seeks to integrate the best of both worlds, leveraging the
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benefits of face-to-face instruction and the flexibility and scalability of online learning.
(Guide to Blended Learning. CHAPTER 1 : Blended Learning, 2017)

In a blended learning environment, students attend physical classes but also participate in
online activities, such as video lectures, interactive modules, quizzes, and discussion forums.
The online activities can be accessed anytime and anywhere, allowing students to learn at

their own pace and review the material as needed.

Blended learning can be structured in various ways, depending on the goals, content, and

audience of the course. Some common models include:

e Flipped classroom: In this model, students watch pre-recorded videos or read online
materials before attending class, allowing the teacher to focus on interactive
activities, problem-solving, and feedback.

e Station rotation: In this model, students rotate between different learning stations,
such as online modules, small group discussions, and individual work, guided by the
teacher or a facilitator.

e Flex model: In this model, students have more control over their learning path and
pace, using online resources and personalized support from the teacher.

e Online lab: In this model, students attend physical classes but also have access to
online tools and resources, such as simulations, virtual labs, and multimedia

presentations.

Blended learning has several benefits, such as increasing student engagement, providing
more personalized learning, allowing for more flexibility and scalability, and enhancing
access to educational resources. However, it also requires careful planning, effective

communication, and appropriate technology infrastructure and support to be successful.
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Blended learning practices in primary school mathematics education in Poland started as a
result of COVID19 pandemic restrictions. They take various forms. Here are some examples:
Using online platforms and resources: Teachers use various online platforms, such as
Moodle, to share materials, assighments, and feedback with students. They also use online
resources, such as Khan Academy, to provide interactive activities, games, and quizzes to
reinforce math concepts.

Interactive whiteboards and tablets: Teachers sometimes use interactive whiteboards or
tablets to enhance their classroom teaching, allowing students to interact with math
concepts in a more visual and hands-on way.

Gamification and project-based learning: Teachers can use gamification and project-based
learning to motivate students and engage them in math activities. (Monika Wisniowska,
2023)

These blended learning practices can enhance primary school mathematics education in
Poland by providing more personalized and interactive learning experiences, increasing
students' motivation and engagement, and improving their math skills and competencies.
However, they require appropriate teacher training, technological infrastructure, and

pedagogical support to be effective.

Flipped learning is an instructional strategy where traditional teaching methods are inverted,
and students learn new content outside of class time through pre-recorded lectures,
readings, or other materials. This allows for more time during class to be spent on hands-on
activities, group work, and discussion, allowing for a more interactive and engaging learning
experience. (Peer, 2018)

In a flipped classroom, students take responsibility for their learning and work at their own
pace, while the teacher acts as a facilitator, providing support and guidance when needed.

This approach to learning has been found to be effective in improving student engagement,
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motivation, and performance, as well as providing more personalized learning experiences.

(Sevillano-Monje, 2022)

There are several examples of flipped learning practices in higher education institutions in
Poland.

Lodz University of Technology is implementing a pilot project called "Reverse Education". It
involves the implementation of active learning methods and effective tools for assessing
learning outcomes. (Flipped Classroom, 2022)

Another example is a teaching experiment carried out in Poland and Ukraine. The
participants in this study were students with comparable level of basic skills in MS Office in
the Polish University of Silesia in Katowice and two Ukrainian universities: Borys Grinchenko
Kiyv University and National University of Life and Environmental Sciences of Ukraine.
Student requirements analysis was carried out and a module “Information technology” was
designed for the students for studying with the use of flipped learning. (Olena Kuzminska,

2017)

Authors
Ineta Helmane PhD

Linda Daniela PhD

Blended learning is the purposeful integration of learning experiences in the classroom
through online learning experiences (Garrison, Kanuka, 2004), blended learning systems
combine self-learning and computer-mediated learning (Graham, 2006). Combined learning
involves combining two problem areas: education and educational technology (Chew, Jones,
Turner, 2008). blended learning is a formal educational programme in which the student

learns at least part of the content and delivery of learning online with some student control
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over time, place, path and/or pace and at least part in a supervised location away from
home (Staker, Hor, 2013)

Blended learning can be developed into a teaching method that combines the most effective
face-to-face teaching methods and interactive online collaboration, both through a system
that works in constant interaction and forms a holistic whole (Krasnova, 2015). Blended
learning methods vary from direct instruction to interactive teaching in self-directed learning
communities (Biechele, 2010).

Eksisté Sadi jauktas apmacibas scenariji:

1. Face-to-face education, complemented by digital resources. Learners explore information
in digital resources, extend their skills and competences through open-ended tasks and
closed-ended tasks for which they receive direct feedback and use online grammars,
dictionaries and matching programmes.

2. Face-to-face classes, supplemented by other online components, in particular through
web-based communication tools. Students receive homework by email or on a learning
platform. The experience that learners gain is not directly absorbed in the classroom, so
learners do not see the integration of their online activities in the institution (Biechele,
2010).

3. The in-person component and the online component are evolving and linked in terms of
content. For example, there is a virtual exchange of Group B with a partner group that is
prepared and followed up in the face-to-face sessions and can provide information on the
topics covered in the face-to-face sessions. However, learners organise the actual exchange
independently outside the lessons. The regular face-to-face teaching parts no longer take
place as such, instead course participants meet only every four weeks and work together on
projects with self-learning materials and online during the rest of the time.

4. Only virtually guided in teaching and learning. Learners work with self-paced materials
supported by the internet, but can be supervised by an online tutor. Learners attend a
virtual classroom in a virtual world where they are supervised by a teacher, but can also
interact with other virtual learners with whom they can work and learn in partner or group

work. There may also be personal contact. (Biechele, 2010).
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In blended learning, 40-79% of education is delivered remotely. In such learning, technology
is mainly used to record learning events, assign tasks and upload learning materials in the
learning management system. When learning is combined online with face-to-face classes, it
is called semi-hybrid learning (sometimes called flipped classroom) - 15-39% of the learning
content is delivered online. If more than 80% of the learning content is online, it is
considered online/remote learning (Boettcher, Conrad, 2016).

Benefits of blended learning:

- promotes students' responsibility for their own learning, self-directed learning;

- enables students to plan their own learning time and pace, and to understand the subject
matter in greater depth;

- enables students to organise their own learning time and work;

- encourages the learner to analyse his/her cognitive strengths and weaknesses and adapt
his/her learning accordingly;

- fosters cooperation between students and creates innovative learning methods;

- provides opportunities to engage in learning in different places and at different times,
blurring the boundaries between learning and real life.

- provides additional motivation to learn at any place and at any time, making learning a part
of everyday life, blurring the boundaries between learning and real life.

- the introduction of a blended learning model in the education system is not without its

challenges and difficulties (Tucker, Wyco, Green, 2017).

The increased digitalisation of education has been a key outcome of the Covid-19 pandemic
in many OECD countries. At the primary level, Latvia has responded to the pandemic by
improving the provision of digital tools in schools, distance learning, hybrid learning, in-
service and pre-service teacher training on digital tools and digital learning for students.
Moving forward, the development of e-learning tools and digital competences are key
objectives in the Latvian Education Development Guidelines 2021-2027 (Izglitibas un

zinatnes ministrija, 2021). Coping with the effects of the Covid-19 pandemic has come at an
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additional cost to education systems. Preliminary budget estimates for 2021 show a slight
increase (in nominal terms by 1-5%) in the education budget at pre-primary to tertiary level
in Latvia compared to 2020 (OECD, 2020).
In the project "Living with COVID-19: Assessment of the Corona Virus Crisis in Latvia and
Proposals for Future Societal Resilience," supported by the Ministry of Education and Science
of the Republic of Latvia, project no. VPP-COVID-2020/1-0013 analysed the positive and
negative aspects of blended learning in Latvia and developed proposals for the successful
implementation of blended learning in real life. Combined learning is a model that needs to
be implemented in the aftermath of the COVID 19 pandemic. This can be done at several
levels: national, municipal, educational institution, individual (RTA, LU, RSU, 2020).
The Initial Impact Assessment Report of the draft Cabinet of Ministers Regulation
"Procedure for the Organisation and Implementation of Distance Learning" stresses that "it
is important to distinguish between the crisis period, when face-to-face learning was not
possible, and the post-crisis period, when it will be possible to choose which activities to use
distance learning for, including various technology-based learning solutions to enhance the
learning of learners, including students. In distance learning, it is important to set clear
learning objectives, such as developing digital competences, fostering self-directed learning,
taking responsibility for own work, etc., and the roles of those involved in the process."
(Cabinet Regulation). In Latvia, the introduction of blended learning is not sufficiently
supported, nor is this learning model well known to teachers, as face-to-face learning is the
leading learning model in schools. It is also stressed that blended learning should not be
introduced compulsorily, but on an as-needed basis, while providing methodological,
technological and strategic support to teachers (EU, 2020).
School 2030 has set quality benchmarks for the blended learning model:

1. Reliable information on participation. Do students participate directly in the learning

process? Face-to-face is the best way to see this, blended is also quite good. In a remote

model there must be a system that captures this.

2. Objective summative assessment. Even in distance learning, some of the work has to

be done at school to see that the student has actually done the work. Summative

assessment is not particularly distinguished among others! 3.Reliable information on
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pupils' well-being. In a distance learning model, teachers need to get more information

about this. 4.Reliable information on technical support and IT systems (Skola 2030).

Flipped learning is one of the approaches to student-centred learning. The terms flipped
classroom and flipped learning are used in the implementation of educational processes
(Toivola, Silfverberg, 2014). Both flipped classroom and flipped learning "flip" traditional
learning approaches. In a traditional learning approach, the teacher presents the new
information during the lesson and the students practice their learning at their homework.
Flipped learning is a form of learning organisation that switches between classwork and
homework (Bergmann, Sams, 2012). Flipped classroo is used to refer to technical changes in
the teaching process, while flipped learning is used to refer to changes not only in what
teachers and students do in the classroom, but also in their beliefs about teaching and
learning (Toivola, Silfverberg, 2014). Flipped classroom also includes changes to the learning
process (Bergmann, Sams, 2012). Consequently, there is no strict distinction in the use of the
two terms. In a flipped learning approach, the student learns the new information before the
lesson (most often by watching a short video lecture) and works with the new information
during the lesson. The flipped learning approach has no specific methodology and can be
implemented in different ways, given that the focus of the lesson shifts from the teacher to
the student and the learning process (Bergmann, Sams, 2012).

Table 1 Role distribution in traditional and "flipped" learning approaches (Kurvits, 2018)

Traditional approach Flipped learning approach

Student The student is passive, without initiative | Involving students in the learning process.
or desire to learn independently. Works | Student is responsible for their own learning.
in a "listen, memorize, reproduce" | Interaction with all participants in the learning

pattern process.

Teacher The teacher transfers knowledge, | The teacher constructs learning situations,
maintains discipline and maintains order | promotes students' responsibility for learning,
in the classroom. and fosters a trusting relationship with the

class

Teaching/learning | In the classroom, students listen to the | Introduction to educational material (watching
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process teacher's explanations. Coming home | a video, learning a paragraph, students
after school, they do their homework, | working together via ICT) on a new topic, and
often unsuccessfully and without the | in the classroom - problem-solving and

opportunity to ask questions or get | applying knowledge and skills to a new

explanations. situation.

Strategies Information is directed from teacher to | Students work together to discover new
student knowledge

ICT Using technology and web tools for | Enriching working methods and forms through
learning ICT

The flipped learning approach has several advantages:

1. The digital environment is easy for students to understand and use. Students see it as a
natural way to get information.

2. Learning is flexible. Pupils can more easily catch up on content missed due to illness or
other reasons. Pupils can learn more - the content they will need for future lessons.

3. Pupils learn to plan their time.

4. Students who have difficulty with the content can pause the video lecture, re-watch part
or all of the video lecture (Bergmann, Sams, 2012).

5. the flipped learning model helps low-achieving pupils achieve more.

6. the teacher interacts more with pupils, for example by working individually with individual
pupils or groups of pupils in the classroom, thus ensuring differentiation and a more
individual approach for each pupil

7. the teacher is able to increase interaction between pupils.

8. differentiation of learning tasks according to the readiness level of the pupils is possible.

9. changing the form of lesson organisation helps to solve classroom management problems.
10. parents can see what it is that pupils need to learn. The learning process is more
open/transparent (Bhagat, Chang, Chang, 2016)

The flipped learning approach also has drawbacks that need to be taken into account:
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1. the teacher needs to make sure that all pupils have access to materials for working
outside the classroom, e.g. access to a computer, the internet (Bergmann, Sams, 2012).

2. parental support is needed, especially when flipped learning is used for younger pupils.
Parents need to accept that pupils use ICT outside the classroom and that pupils need to
take time to prepare for the lesson (Creative Classroom Lab, 2012.).

3. If the student is not prepared for the lesson, he/she cannot participate fully in the lesson.
There must be a system for dealing with such situations. For example, there may be two
computers in the classroom that students can use to watch a video (Bergmann, Sams, 2012).
4. Students may initially lack the self-regulatory skills to learn independently (Lai, Hwang,
2016). A system needs to be put in place to help students plan their time, to help them
learn, and to help them evaluate what they have learned.

5 Initially, the teacher needs to invest a lot of time in selecting or creating a base of materials
for the student to work with outside the classroom. The materials should be of high quality,
easy to understand and comprehend. Teachers can start by using materials created by other

teachers before creating their own (Bergmann, Sams, 2012).

At the University of Latvia, as well as at other higher education institutions, there is a
tendency to use the practice of flipped learning. Mostly lecturers provide students with the
opportunity to get acquainted with materials in MOODLE environment. It is important to
give instructions and guidelines so that students can accurately perform activities in the
learning process. For example, before the class, the student should read and study the
theory of the laboratory work in it. The student must also complete an online test with at
least 80% correct answers. During the practical exercise, the student can ask for help. After
the practical assessment has been completed and the report written, the student and the
professor have a dialogue about the laboratory work. During the discussion, the report is
divided into stages and each stage is discussed, as well as problems encountered, theoretical
issues and many other aspects. As a result, students tend to have a more complete
knowledge of the theory covered in the laboratory work and discussions than when

attending classical lectures.
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The flipped learning approach has become popular because of the digital library developed
by Khan Academy with the support of Microsoft. The digital library, available online at
https://www.khanacademy.org, includes videos, explanations and tests on a variety of topics
in different subjects for students from grades 1 to 12. This approach is also increasingly used
as the internet, computers and tablets become more accessible to students (Hao, Lee, 2016).
Last but not least, students also rate this teaching approach positively, describing it as useful

and effective (Bergmann, Sams, 2012; Mok, 2014)
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Emanuele Micheli
Here are some recommendations for how robots can be used in primary school mathematics
education through a blended learning approach:
1. Integrate robotics into the curriculum: Robotics can be integrated into the primary
school mathematics curriculum in various ways. For example, robots can be used to teach
basic geometry concepts such as angles and shapes, or to help students visualize
mathematical concepts such as fractions and decimals.
2. Use robots for hands-on learning: Robots can provide students with a hands-on
learning experience, allowing them to apply mathematical concepts in a real-world context.
For example, students can program robots to navigate a maze or perform a specific task,
which requires them to use mathematical skills such as measurement, calculation, and
problem-solving.
3. Use a blended learning approach: A blended learning approach can combine the
benefits of both traditional classroom learning and online learning. Teachers can use online

resources such as videos, interactive tutorials, and online quizzes to supplement the
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classroom learning experience, while also providing students with opportunities to work
with robots in the classroom.

4, Encourage collaboration and problem-solving: Using robots in mathematics
education can also promote collaboration and problem-solving skills. Teachers can assign
group projects or problem-solving activities that require students to work together to
program robots to solve specific challenges.

5. Provide professional development for teachers: To effectively use robots in primary
school mathematics education, teachers may need professional development and training
on how to integrate robots into the curriculum and use them effectively in the classroom.
Overall, using robots in primary school mathematics education can enhance the learning
experience for students and provide them with a more engaging and interactive way to learn
mathematical concepts. A blended learning approach that combines traditional classroom
learning with online resources and hands-on activities with robots can be particularly

effective.
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Prof. PhD Diana MIHAESCU
Regardless of age and experience level, robots make learning more fun by combining
abstract concepts with experiments and practical applications from the simplest to the most
complex. These educational robots are specially designed to introduce students to science,
physics, math, robotics and programming. Having robots in school provides an opportunity
to spark a child's interest in a future subject at a young age. Young children can thus find a
passion for robotics from an early age and want to continue it later in school. Regardless of a
child's age or learning stage, using an educational robot has many advantages. From learning
numbers and building vocabulary for toddlers to understanding how to program a robot to

walk, there's an advantage for everyone.
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A recommendation is to use more teaching in the blended learning system and to integrate
this, especially at the primary level. In this sense, the proposed project is welcome. Another
recommendation is to find solutions for the flipped classroom, including the materials to be
developed in this project can be used for the flipped classroom, especially in primary
education. Another recommendation is that when changes are made at the level of school
programs, especially for the disciplines in the "Mathematics and natural sciences" curriculum
area, content should be suggested that includes robotics and the use of robots and

applications in teaching, learning and evaluation.
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- It should not be forgotten that the main reason for negative attitudes towards
mathematics is to see mathematics as an abstract field, and robotic coding activities should
be used as a tool for students to become active learners in order for children to embody
mathematics.
- An interdisciplinary approach should be adopted by considering the developmental
characteristics of children in the design of robotic coding activities in primary school
mathematics education.
- It should not be forgotten that the real target in the use of robotic coding activities in
primary school mathematics education is mathematics achievements, and robotic coding
skills should not come to the fore.
- Considering that robotic coding is related to algorithmic thinking skills; Cognitive thinking
skills, readiness levels and individual differences in this regard should be taken into account
in designing and hiring activities. Otherwise, robotic coding-based activities may make

learning mathematics even more difficult for students.
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- In order for robotic coding to be used effectively by classroom teachers in mathematics
education, teacher competencies should be taken into account, and optional courses should
be included in both pre-service teacher education and extra training in in-service teacher
education.

- Researchers from the fields of classroom teaching and information technologies regarding
the application of robotic coding in the field of mathematics education should be supported

in developing applied, innovative projects with an interdisciplinary approach.

Author

Pawet Petczyriski PhD
By integrating robots into primary school mathematics education through a blended learning
approach, students can benefit from a more engaging, personalized, and interactive learning
experience. Robots can be used in primary school mathematics education through a blended
learning approach in the following ways:
J Personalized learning: Robots can be used to provide personalized learning
experiences for students. By analyzing their progress and performance, the robots can adapt
to the needs of each student, providing additional support or challenges as needed.
J Collaborative learning: Robots can facilitate collaborative learning by encouraging
students to work together on math problems.
J Feedback and assessment: Robots can provide instant feedback to students, letting
them know if they have solved a problem correctly or incorrectly. Additionally, robots can
collect data on students' progress and provide feedback to teachers on areas where students
may be struggling.
J Gamification: Robots can be used to gamify mathematical concepts, making them
more engaging and interactive for young learners. For example, robots can be programmed
to play math games with students, such as quizzes or puzzles, where they have to solve

problems to win.
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Students use STEAM skills in a variety of daily activities. Pupils explore and develop skills
when they play. Pupils explore, discover and solve problems when they investigate their
surroundings. Pupils try to find out how the world works. STEAM is everywhere:
S — scientists, learn from others, observe what others do and learn by trying to imitate
what they see.
T - Technology, which includes simple tools, supports pupils' cognitive development,
such as wheels, levers and scissors.
E - 'Engineering’, like using materials, building, designing, understanding how things
work.
A - Arts, such as drawing, painting, music.
M - Mathematics, as in numbers, patterns, geometry (Chaldi, Mantzanidou, 2021).
Approaches for robotics use in primary schools:
1. Subject-based. In this learning process, each lesson selects a topic to be taught and
integrates the content of the lesson (information delivery, construction) around it. This
lesson model is used in the author's research at the fieldwork site.
2. Project-based learning approach. In this approach, students work in groups and a
real problem is posed for which they work together to find a solution. This learning
approach requires long-term engagement and also takes place outside educational
institutions.
3. Goal-oriented approach where children compete to find solutions to different
problems. This learning approach also requires long-term engagement and takes place
outside educational institutions. (Eguchi, 2010).
When learning algorithmic thinking through educational robotics, it is important to notice

that:
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Understanding the differences between robotics in education and educational robotics is
essential, as it is important for educators to consider the classification, application goals and
pedagogical methods of educational robotics when choosing a type of educational robot.
When creating teaching methodological materials, the first thing to do is to set the goal of
introducing educational robotics into the teaching process in mathematics lessons. The
learning outcomes of the curriculum should be clearly defined. Next, the teaching methods
and pedagogical conditions for achieving the objective and the learning outcomes should be
defined. The structure of the teaching module should then be established, with lessons
divided into sub-topics, clearly indicating at which stages educational robotics is included in
the teaching process.

Computational thinking is about problem solving, logical thinking, human-computer
interaction, including programming, and educational robotics is one of the best tools to
develop it. The new and improved curriculum integrates it into computer science,
mathematics, engineering, design and technology, as well as into the teaching materials
developed by the author.

The teacher's lesson plan - methodological material - is one of the most necessary
components for a successful and complete lesson, probably due to the lack of experience of
teachers in the field of educational robotics and its implementation in the teaching process

(Veinberga, 2022).

Before implementing a flipped learning approach, the teacher should answer the following

questions:

- What is the most effective use of lesson time?
- Which lesson is most suitable for the flipped classroom approach?
- Is the teacher willing to give more responsibility to the students?

- What will pupils do in lessons if they have acquired basic knowledge outside the

classroom?

- How to change the classroom set-up?
- Should videos be made or other teachers'?

- How will pupils access electronic materials? Do all pupils have access to the

internet?

- What software and devices are needed to create materials for students?
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- Where to post videos (e.g. www.youtube.com )?

- How to make sure that students have watched/learned the material?

- What if the learner has not watched/learned the material?

- How to change the assessment of learning?

- How to explain changes in teaching to pupils, parents and school management?
Flipped learning can be used in a variety of subjects, especially in knowledge-intensive
subjects, to allow students to spend more time in lessons on meaningful higher-level tasks

(Bergmann, 2013).
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