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ABSTRACT:In this paper, it is presented a didactic approach to the mathematical problems of the 2nd grade
of primary school will be attempted, using dynamic mathematical tools of the theory of RhodeScript such as
open-ended problem, realistic mathematics, problem posing, counterexample, breach of didactical contract, in
order to improving students' performance in problem solving. In more detail, this work has been prepared in
order to inform about the application of mathematical tools and their use in teaching practice and specifically
in solving mathematical problems. In addition, the individual goals that are attempted to be fulfilled through
this elaboration are to make the trainees and the teachers realize that learning the steps of solving a
mathematical problem can be achieved through fun, experiential and interdisciplinary activities that will make
them students to solve math problems in the most constructive and profitable way.
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l. INTRODUCTION

International assessment programs indicate poor performance in mathematics of students of many
countries worldwide with different educational systems, including Greece. Therefore, many researchers
worldwide have addressed students’ difficulties in mathematics and have proposed methods to diminish them.
Specifically, researches findings indicate the critical aspects of the way of teaching mathematics[5], [9], [16],
[17], [26], the use of representations of mathematical concepts [6], [21], [25], [27] and teacher’ and prospective
teachers’ attitudes and beliefs towards mathematics [1], [20], [23], [24].

In view of the above, this paper presents a didactic approach to problem solving for the 2nd Grade of
primary school, using the theory of RhodeScript, in order to improve students' performance in problem solving,
as they have been researched and applied by [2].

II. THEORETICAL BACKGROUND
2.1 The mathematical tools of RhodeScript

The didactic approach to problem solving in the 2nd grade of primary school presented in this paper is
based on the theory of RhodeScript, as it has been researched and applied by [2], which uses eleven prototype
instructional practices over time implemented by the [2] and its positive effect on mathematical understanding
and students' self-confidence in mathematics. In detail, these elements are 1. Realistic Mathematics Education,
2.History of Mathematics, 3.0pen-ended and Unusual Problems, 4.Breach of Didactic Contract, 5.Examples,
Counterexamples and Non-examples, 6.Spatial Ability and Geometric Transformations, 7.Mental Computations
and Estimations, 8.Representations, 9.Interdisciplinary, 10. Problem Posing plus the use of Technology
combined with the above practices. The didactical framework, this theory, has been named RhodeScript from
the initial letters of the eleven elements.

In this paper using some of these mathematical tools. In particular, the open problem is a mathematical
problem that can arise from more than one correct solution [3], [13]. Practicing on this mathematical tool brings
about the innovation of the cooperative spirit, the multidimensional thinking and vision, since the mathematical
problem cannot be solved by a single correct solution and is more "free" to process, and of pluralism. Another
mathematical tool that will be used is the counterexample. A counter-example is an example that shows that a
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given hypothesis is not valid and a single counter-example is enough to refute a conjecture [11]. The role of
counter-examples has been recognized and discussed in creating cognitive conflict [10] that occurs when a
student is confronted with a contradiction or inconsistency in his ideas. Representations are used as a third
mathematical tool. There are two types of representations, external and internal [12]. In the present work, we
will be concerned only with external representations (symbols, shapes, diagrams, texts), which relate to
visualization of mathematical concepts in real time, in order to be understood and more accessible by students.

The breach of didactical contract is an important mathematical tool, as school mathematical problems
have many common in terms of presentation and in terms of resolution [4] and students must be equipped with
all those necessary knowledge and skills,so that they can solve a mathematical problem that is completely
different from the common books. Therefore, subversive and critical thinking on mathematical problems and
their multidimensional perspective by students is the key to rupture of the teaching policy. The problem posing
is another mathematical tool and lies in the fact that students will be exercised to create their own mathematical
problems for the purpose of multilateral and deeper analysis and understanding of these cognitive regions [22].

Another mathematical tool that is being used is interdisciplinarity, as the coupling of one or more
sciences is particularly beneficial during the educational process. In addition, realistic mathematics is another
mathematical tool of this paper. Realistic mathematics is a philosophical teaching and learning by[7], [8],
thinking that mathematics is a human activity that must be associated with reality, to be influential and to
society and to be as much as possible more understood to students. The last mathematical tool which used in this
paper is creativity. With the sharpening of creativity, it is possible to develop the skill of finding a variety of
modes of mathematical resolution and more general problems from the Pupils and Students [19].

2.2The 4 stages of solving mathematical problem according to Polya
In the present paper, beyond the RhodeScriptwe used also the four stages of solving a mathematical problem,
according to Polya[15].

Step 1: Understand the problem.Understanding the problem. At this stage, we realize that the child has
fully understood the mathematical problem given to him, when he can interpret it in his own words. The
maximum form of understanding occurs when the child can tell it to make it a third person.

Step 2: Devise a plan. The student is visualizing and identifying the data of the problem so that all the
necessary elements that will lead to his solution are concentrated.

Step 3: Carry out the plan. At this stage, the draft resolution plan created by the student at an earlier
phase is carried out, paying attention every time to control their steps and correctness.

Step 4: Retrospective investigation: As last stage, the student has the opportunity to perform the
following actions. Initially, he must carry out the control of his answers. That is, the student is called upon to
verify his answers in order to ascertain but also to ascertain that they are right. Then he can make a
generalization of his answers. This means that you have to go to practice and theory that applied to an extra
question or exercise. Then we have the extension. Here, the student is called upon to solve similar or even more
complex problems in order to extend its possibilities and knowledge. Finally, the student can proceed with the
investigation of other elegant and different solutions but also to the production of new knowledge [2].

I1l. THE TEACHING PROPOSAL USING byNAMIC MATHEMATICAL TOOLS
This chapter presents the teaching proposal,duringfour teaching hours, for to problem solving in the
2nd grade of primary school using mathematical tools, as they have been researched and applied by [2] in order
to improve students' performance in problem solving. The teaching proposal is structured in the following
sevenphases: Check, motivation, discovery, consolidation, extension, evaluation, organization of new
knowledge.

3.1 Check (prior knowledge)

Activity 1:The elicitation

Dynamic mathematical tools: Counterexample, representations.

Description: The teacher distributes a piece of paper to each child (Figure 1), who writes on it in the wrong
order the 4 steps we follow to solve a mathematical problem (Understand the problem,Devise a plan, , Carry out
the plan and Retrospective investigation). Students are asked to put these steps in the correct order they believe.
The aim for the teacher is to understand the students' initial perceptions.

Carry out the plan | Understand the problem Devise a plan | Retrospective investigation

Figure 1:Thepiece of paperwhich teacher gives the students
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3.2 Motivation
Activity 2: Socio-cognitive conflict
Dynamic mathematical tools: Representations.

Description: The present activity is divided into 4 phases. More specifically, in the 1st phase the
students are divided into groups of four people with one leader from each group. Each one individually
represents the 4 correct stages of solving a problem. In the 2nd phase, the group leader gathers all the
representations of the steps given by his classmates and himself and hangs them on the board (with the help of
the teacher), so that they are visible to the whole class. In the 3rd phase, after all the representations on the board
have been hung, the students are asked to have a dialogue with each other and with the coordination and
guidance of the teacher to decide which of all these answers is closer to the scientific knowledge. Finally,
students, after a process of sociological conflict, are expected to have revised their initial perceptions and to
have understood the scientific point of view.

3.3 Discovery

Activity 3: Actor means mathematician

Dynamic mathematical tools: Realistic mathematics, creativity, interdisciplinary.

Description: The students work together and they are asked by teacher to dramatize the following mathematical
problem as well as the steps to solve it. “Pavlos wants to play football but he has 3 balls where one is football,
the other basketball and the other volleyball. How will he choose the right ball?”. One of the students will be the
actor of the problem, who will represent the following 4 steps, in order to solve his problem and get the right
ball, while the other students will sit at their desks and together with the teacher will give instructions to the
actor in order to properly solve the problem. The actor starts to order to finding the 3 balls and he wonders if
they all do it for his purpose. The following dramatized problem may alternate with a different protagonist each
time. The role of the teacher is guiding and helpful:

Step 1: Understand the problem

- (Teacher): What must Paul do first to solve his problem?

- (Students): Understand the problem he is facing!

- (Paul): He tells his problem to a supposed friend so that he can understand it too.

Step 2: Devise a plan

- (Teacher): After Paul understood his problem, what should he do now?

- (Students): To make a plan to solve his problem.

- (Teacher): To help Paul devise a solution plan, we will make a table of all the data he has.

Step 3: Carry out the plan

- (Teacher): And now what is left for Paul to do?

- (Students): He must execute her solution plan.

- (Pavlos): Pavlos clarifies the data he has with the help of the table and now he will find the right soccer ball by
taking it and leaving the rest behind.

Step 4: Retrospective investigation

- (Teacher): And now that Paul is done with his problem, what is left for him to do?

- (Students): He should do a retrospective investigation. Therefore, it should check and verify its result and a
generalization.

- (Pavlos): He checks to see if the ball he got was really the right one and after verifying it, he generalizes his
problem by saying that the same problem could be faced by a classmate who needed a red tomato while he had
three red ones but the two of them were rotten.

3.4Consolidation

Activity 4: A decorated staircase

Dynamic mathematical tools: Interdisciplinary, representations, creativity.

Description: In this activity the children will write in large letters on colorful cardboard the 4 steps which they
follow to solve a mathematical problem. They will stick each step on each of the stairs leading to their
classroom with the first step of solving a problem sticking to the first step of the ladder. Thus, every time the
children go up the stairs to their classroom, they will remember the specific steps and they will follow them in
the most realistic way.
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Activity 5: Solidarity cycle

Dynamic mathematical tools: Problem posing.

Description: In this activity the students will leave their desks and go out in the school yard together with the
teacher. Then they will all sit down together forming a large circle. Starting with a student and then clockwise,
this student will narrate his problem, which he has constructed himself, and the rest of his classmates will give
him advice on each step to be taken. All students will have a notebook with them to keep the appropriate notes
they need.

3.5 Discovery

Activity 6: Save the environment

Dynamic mathematical tools: Open-ended problem, realistic mathematics, breach of didactical contract,
interdisciplinary.

Description: In this activity, students clean their school yard. In particular, the teacher will suggest to students to
work collectively to clean their school yard by applying the steps of solving a problem. More detail:

1) Students will first tell the problem they will face individually to their classmates for better consolidation of
the problem.

2) Before they even leave the classroom, they will make a problem-solving plan where other students will
choose to pick up the rubbish with a broom or with gloves or any other way they can think of in order to
understand how the problem is solved with different ways. Also, the solution to the problem will not be just one
as each student will not pick up the same amount of rubbish. The teacher at this point will emphasize how the
use of the data collection table can be omitted.

3) In this step, students will go out into their school yard and start picking up trash in any way they have already
built. It is important that the teacher does not mention any expression such as “the one who collects the most
garbage wins" because we do not want to provoke competition between students.

4) In this last step, the students will check how much rubbish they each collected individually. Here again
teacher will tell the students that they do not need to follow all the steps of solving a problem they had learned
before and therefore do not make any generalization of the problem.

3.6Evaluation

Activity 7: Telephone conversations

Dynamic mathematical tools: Counter-example, creativity, problem posing.

Description: The children are divided into groups of two people and they talk to each other referring to the
previous activities. In particular, each groupwill talk hypothetically on the phone and ask each other questions
about what were the solution steps that followed to carry out this activity. Essentially, it is an indirect evaluation
process through dialogue which is performed from student to student with the teacher taking notes on what they
say. The general purpose is for each student to recall the steps he followed in the specific problems so that
through the narration to his interlocutor, to give him to understand what exactly he did but also to create a new
problem of his own with the steps of solving it. Each group of students will be given the following indicative
design of questions:

- Which activity did you like the most?

- What were the steps you followed exactly to solve the problem?

- And what exactly did you do at each step?

- Can you tell me a new problem of yours?

- Do you have to suggest me some steps to solve it?

The above short questions will be alternated each time between the two members of the group with the
possibility of improvisation.

Activity 8: Student Activity Sheet

Dynamic mathematical tools: Counterexample.

Description: In the following activity, students are asked to evaluate the sentences regarding their correctness,
putting R in those that are correct and F in those that are incorrect. Also, the sentences that will characterize
them as wrong, will have to justify the reason why the specific sentence is wrong and prove it with a
counterexample:

“Mark with R the sentences that are correct and with F the sentences that are wrong. Next, justify those
sentences that are marked as incorrect and find their error by proving it with a counterexample.

1. The first step we follow to solve a mathematical problem is “Carry out the plan”. R/F
2. The steps we follow to solve a mathematical problem are four. R/F
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3. A problem to be solved, it is mandatory to use all its data. R/F

4. The last step we take to solve a mathematical problem is “retrospective investigation”. R/F

5. The step of retrospective investigation consists of the control and the conclusion. R/F

6. | can solve a math problem even when | do not understand it. R/F

3.70rganization of new knowledge

The teacher will make a summary table of all the new knowledge on a large board which will be pasted on one
of the classroom walls so that it is visible to all students (Figure 2).

The steps to solve a problem Actions
I say the problem in my own words and
Step 1: Understand the problem I explain it to a friend so that he can

understand it too.

Step 2: Devise a plan I design a problem solving plan by
constructing a summary table with all
the data I have.

Step 3: Carry out the plan I implement the solution plan that I
created before in order to solve the
problem.
Step 4: Retrospective investigation I check and verify the result [ found, as

well as a generalization of the problem.
Figure 2:0rganization of new knowledge

V. CONCLUSIONS

International assessment programs (eg PISA) show poor student performance in mathematics in many
countries around the world with different education systems, including Greece. Therefore, many researchers
around the world have studied the difficulties of students in mathematics and have proposed methods to reduce
them. One factor that influences student performance, according to this international research, is the way
mathematics is taught.

Based on the above, in the present paper a didactic proposal was presented for the teaching of problem
solving for students of the 2nd grade of elementary school using the theory of RhodeScript, as it has been
researched and applied by [2], which uses eleven dynamic mathematical tools, such as the open problem, the
construction-problem position, the counterexample, the rupture of the didactic contract etc. In addition to the
dynamic mathematical tools, utilize all four stages of solving a mathematical problem, according to [15] in order
to improve students' performance in problem solving.

Of course, the way a mathematical concept is taught, although very important, is not the only factor
responsible for students' difficulty in solving a problem, as textbooks and teachers' knowledge are an important
factor in students' difficulties in Mathematics. The harmonious combination of these three elements, books,
teaching, teacher, should be the pillar that will support the effort to reduce students' difficulties in solving a
problem.
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