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Abstract 

The first contact that a pre-service teacher has with didactics of mathematics is the notion of 

natural number, being still in the university classroom and not having started working a real 

classroom. Therefore, the main objective of this work is to relate the knowledge of a trainee 

teacher to the different difficulties developed by the children and to evaluate the learning 

processes in a real environment. The participants were 20 future teachers and 40 (9-year-old) 

children. During the experience, six letters closely related to the contents of the university subject 

were exchanged; as well as two socialisation letters; and four videos, including two presentation 

and two farewell videos. Among the results obtained, we highlight that the participating 

university students have been able to reinforce the knowledge learned in class through the analysis 

of the children's resolutions, specifically the following: a) counting, b) resolution of additive-

concrete situations, c) resolution of multiplicative-concrete situations, d) resolution of a monetary 

problem, and e) being aware of the manipulation of Cuisenaire's rods.  
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Introduction 

Students of a Bachelor's Degree in Primary Education in Spain receive training in two places: 

at the university, where they spend most of their training, and at the school where they carry 

out the different work placements. The work placement at the school allows the trainee teacher 

to observe the reality of the classroom, as well as to put into practice some of the content 

acquired during their university training (Póveda et al., 2021). This connection between the 

contents learnt in the degree and their applicability in a school context is a latent concern for 

university teachers. In the classroom, a practical component is needed to be able to apply the 

knowledge acquired in real intervention scenarios (Valle & Manso, 2018). In particular, the 
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teacher has to be able to design situations that are suitable for the student to mobilise the 

knowledge to be learnt. This can be a complex task since aspects such as the age and level of 

the students, as well as the content, have to be taken into consideration.  

Based on this motivation to encourage trainee teachers to acquire skills in the design of 

tasks, we have developed an experience that has been implemented in the subject of Didactics 

of Arithmetic I. The choice of this subject is because it is the first contact of pre-service teachers 

with the didactics of mathematics in their university training. This subject develops the 

mathematical and didactic training of the future Primary Education teachers with regard to the 

natural number. 

The main objective of this work has been to put into practice a situation-problem that the 

university students proposed to a group of primary school students. The analysis of the latter's 

answers helps trainee teachers to identify the difficulties that children can develop, evaluating 

the learning processes in a real environment. On the other hand, the situations posed by the 

university students are included as content within the subject they were studying, so that the 

experience also aims to help the trainee teachers to acquire the didactic contents associated with 

the subject. 

Natural number and problem solving in primary education 

The experiences in which number sense is developed in primary education are closely related 

to emotional aspects that bring about positive or negative attitudes towards this subject, which 

can be maintained throughout life (Bracho et al., 2011). In order for this first contact between 

the child and mathematics to develop satisfactorily, Alsina (2006) states that children need to: 

observe, in order to be able to interpret the environment; experience situations with their bodies 

and movement; manipulate, experiment, play, verbalise their observations; etc. Despite this 

need, the Spanish mathematics curricula, within which this study was carried out, are oriented 

towards the acquisition of content, focusing exclusively on the acquisition of symbols and 

techniques (Alsina, 2019), without developing mathematical competence through a variety of 

contexts and situations, which is essential to be able to understand, judge, do and use 

mathematics (Niss, 2020). 

The world is full of mathematics and numbers, so it is normal for children to have regular 

contact with them (Treffers, 2008), thus children should be given the possibility to develop and 

use their own strategies to solve problems and develop good number sense. This is one of the 

reasons why problem-solving environments should be encouraged in a classroom (Chapman, 

2011). 

Teacher training in mathematics 

Shulman (1986) established the knowledge that a teacher should have: content knowledge, 

pedagogical knowledge and curricular knowledge. For the particular case of mathematics, Ball 

et al. (2008) established the Mathematical Knowledge for Teaching model, which contains two 

domains: knowledge of the content and pedagogical knowledge of the content. Likewise, this 

model was adapted in Spain, giving rise to the Mathematics Teacher's Specialised Knowledge 
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(Carrillo et al., 2018), which provides categories for analysing this specialised knowledge, 

which is exclusive of teachers, and facilitates an understanding and interpretation of their 

actions and knowledge. This new model considers three domains: mathematical knowledge, 

didactic knowledge of mathematical content, and beliefs and conceptions. 

Following this last model (Carrillo et al., 2018), it is determined that the process of 

learning to teach mathematics requires professional tasks that are part of the routine activities 

of initial training and understanding of mathematical content (Ma, 1999), placing them in the 

context of practice (Ball & Cohen, 1999). 

Given that there is a gap between university students who are training to become teachers 

and the professional practice that they will develop, Goos (2014) proposes that the tasks that 

these trainee teachers carry out should be inspired by professional tasks, fostering the look that 

they will have to have when they are in the classroom. 

For all of the above reasons, the university students have participated in the development 

of tasks for Primary Education students to work on. The contents worked on were as follows: 

counting, additive-concrete situations, multiplicative-concrete situations, monetary problems 

and manipulation of Cuisenaire's rods.  

 

Methods 

The work was carried out within a qualitative approach, in which its exploratory character has 

a descriptive purpose, allowing to interpret the written productions of future teachers and 

children (Elliot & Timulak, 2005; McMillan & Schumacher, 2005). 

As described above, the tasks were implemented in the subject of Didactics of Arithmetic 

I of the 2nd year of the Degree in Teacher Training in Primary Education in a Spanish public 

university during the academic year 2020-2021. This course had certain special characteristics. 

Half of the university students attended in-person classes while the other half followed online 

lessons, with both groups alternating on a weekly basis. The primary school children attended 

all the classes face-to-face, but with bubble groups to reduce contagions. The course began after 

4 months of distance learning at all levels and stages at national level, giving a great change to 

the educational reality, in favour of a continuous adaptation and a greater use of technology. 

Due to these special circumstances, there was some difficulty in transferring university students 

to the school, which is why it was decided to establish this experience.  

The sample consisted of 20 trainee teachers in their 2nd year of the Faculty of Education 

at the University of Zaragoza, who participated on a voluntary basis, and 40 children in the 4th 

year of Primary Education (9 years old) from CEIP Cantos Altos in the Autonomous 

Community of Madrid, both in Spain. University of Zaragoza and CEIP Cantos Altos are the 

workplaces of the researchers who carried out this study.  Moreover, the type of tasks designed 

is related to the content of the subject. Therefore, the trainees were able to apply the contents 

of the course in a real context. 

The experience consisted of the exchange of six letters closely related to the contents of 

the subject, as well as two socialisation letters, and four videos, including two of presentation 
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and two of farewell. The experience lasted four months and was monitored through the Moodle 

platform, and at all times they were supervised by the teacher of the subject at the University 

of Zaragoza and by the teacher responsible at the CEIP Cantos Altos, both belonging to the 

research team of the present study. In this study, we focused on the presentation of the six letters 

related to the contents of the subject. In the case of the future teachers, their productions were 

collected in the subject's Moodle, enabling the homework tool for their submission. At the end 

of the session, the children handed in each of their productions to their teacher, who 

subsequently digitised them. 

Each trainee teacher was assigned two pupils in the 4th year of primary school. 

Throughout the whole experience, it was very important that the children knew how to explain 

what they were doing at all times, so they were grouped in pairs. Considering the contingency 

plan of the schools during the current school year, due to covid-19, the children had to respect 

the safety distance and these groupings could only be done in pairs at the most. In order to solve 

the proposed problems, the classroom was equipped with various manipulative materials: 

Cuisenaire rods, coins and banknotes, wool, paper, scissors and different colour pencils. 

 

Results and Discussion 

In this section we present the results obtained from the different tasks, according to the different 

moments in which an exchange of information is established. During this experience, we did 

not give importance to the number of successes or errors, but rather to how the children told the 

future teachers about the process followed to reach the result, the doubts that arose, whether 

they could work with the proposed activity (data, vocabulary, clues, handwriting, and so on), 

that is, their experiences in solving the problems. 

Results of counting situation 

The following task (Figure 1) has been worked on by future teachers at university in recent 

years, in the subject Didactics of Arithmetic I. 

 

 

Figure 1. Triangle counting problem 

 

On this occasion, the same task was additionally posed to the primary school children. 

Thus, the trainee teachers were able to propose some indications to facilitate the resolution of 
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the triangle counting problem. The university students were asked to provide the children with 

hints, thus facilitating the resolution of this problem (see Figure 2, Figure 3, and Figure 4).   

 

 

Figure 2. Instructions from prospective teachers to children 

 

 

Figure 3. Instructions from prospective teachers to children 
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Figure 4. Instructions from prospective teachers to children 

 

From the analysis of Figure 5, we observe different ways of naming the pieces to start 

counting. These strategies guided by the indications given by the trainee teachers favour the 

success of the task. We highlight the consideration of letters in comparison with a numerical 

code that can create confusion between the part that constitutes the triangle and the number of 

triangles counted, whereas this imprecision is resolved if a coding through letters is chosen. 

 

 

Figure 5. Children's resolutions to the proposed task 

 

In addition, the children had to make a reflection on the procedure carried out and put it 

in writing (Figure 6) so that the future teachers could analyse it and propose the children some 

suggestions for improvement in the up-coming letters. 
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Figure 6. Explanation of the procedure followed by the children 

 

As can be seen from their responses (Figure 6), before asking for the clues provided by 

the prospective teachers, the students decided to count the number of triangles with their own 

strategies. Faced with the different difficulties encountered, it was time for the students to ask 

their classroom teacher for the clues that the prospective teachers assigned to them had provided 

in the letter. 

Results of the additive situation and management of the monetary system 

Each of the future teachers proposed three additive problems involving different semantic 

structures (Riley et al., 1983; Riley & Greeno, 1988; Polotskaia & Savard, 2018; Cañadas, 

Molina, & del Río, 2018; Polotskaia & Savard, 2021), previously worked on in the subject. 

From among all these semantic structures to be worked on, the future teachers had to choose 

the ones they considered most appropriate. On the other hand, the teacher responsible for the 

children prepared a resolution sheet for the children to provide the information as they were 

used to (see Figure 7 and Figure 8). 
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Figure 7. Proposed and solved additive problem 

 

 

Figure 8. Additive problem and problem solving 

 

In addition, following the structure of the previous mailing, a common problem (Figure 

9) was established in which the future teachers had to write down different aids for its 

resolution. The children were provided with manipulatives to solve the problem (Figure 10). 
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Figure 9. Proposed problem involving the monetary system 

 

 

Figure 10. Solving the monetary problem 

Results of the multiplicative situation and manipulation of Cuisenaire's rods 

Following the usual structure in which problems are presented in the classroom where the 

participating children were, the trainee teachers checked the homework of their assigned 

students, and each one proposed three multiplicative problems involving different semantic 

structures (Riley et al., 1983; Riley & Greeno, 1988; Cañadas, Molina, & del Río, 2018; 

Alghamdi, Jitendra, & Lein, 2020) previously provided in the subject. From among all these 

semantic structures to be worked on, the future teachers had to choose the ones they considered 

most appropriate. On this occasion, the pupils were given the model sheet that is used by their 

teacher at school, so that they could incorporate the problems themselves (Figure 11 and Figure 

12). It should be noted that the future teachers could see both the original answers to the problem 

given by the students and the corrections from the teacher at school.  
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Figure 11. Problem and multiplicative problem solving 

 

 

Figure 12. Multiplicative problem and problem solving 

 

In addition, they had to come up with a problem involving least common multiple, to be 

solved using Cuisenaire's rods and no algorithm, and whose context was that of spies (Figure 

13). 

 

  

Figure 13. Solving a problem with Cuisenaire rods  

 

Results achieved during the Experience 

The following results were obtained through observation presented in Table 1. 
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Table 1. Results achieved in children and pre-service teachers 

Results Observed in Children 
Results Observed in Pre-Service 

Teachers 

Greater motivation in problem-solving 

exercises than in other courses and in other 

regular classroom tasks. 

They found that, thanks to teamwork (pairs), 

they reached the solution earlier due to the 

reflection and proposals they put forward. 

The written reflection on their own work made 

them aware of their knowledge and avoided 

impulsivity in their answers. 

They created a very good connection with the 

students at the university thanks to their videos 

and letters and, in particular, the way children 

addressed them. 

Due to the children's explanations, the work 

sent by the university students was gradually 

being adapted to the reality of the students at 

the school. 

Occasionally, use of vocabulary or 

expressions that were difficult for children 

to understand. 

Some activities were difficult for their level. 

They needed help from the teacher in 

charge of the classroom to understand them. 

Some clues were very obvious, while others 

were difficult to understand.  

When the pre-service teachers provided the 

final result of the problem, children 

experienced frustration in case they did not 

get it. They learned that the process is the 

most important part. 

Some children did not understand the 

teachers' handwriting, so a computer 

transcription of the proposed activities had 

to be proposed. 

 

Among the results obtained, we highlight that the participating university students have 

been able to reinforce the knowledge learned in class through the analysis of the primary school 

students' answers to the problems they were given, specifically the following: a) counting, b) 

additive-concrete situations solving, c) multiplicative-concrete situations solving, d) monetary 

problem solving, and e) be aware of the importance of the manipulation of Cuisenaire's rods. 

The pre-service teachers have managed to develop the didactics of natural number from 

professional tasks, as recommended by Goos (2014), placing them in a practical context (Ball 

& Cohen, 1999; Chorney & Bakos, 2021). Furthermore, we attribute the good results obtained 

by the children to the variety of contexts and situations posed, which are necessary to develop 

mathematical competence, as stated by Alsina (2019), and to foster the notions involved 

through problem solving (Chapman, 2011; English, 2020). 

 

Conclusion 

From this experience, the pre-service teachers have had the opportunity, on the one hand, to 

review the children's resolutions in relation to concepts that they had worked on the subject 

previously. On the other hand, they have connected with the critical perception of the way in 

which each of the tasks were presented that a 4th-grade (9 years-old) Primary School child has 

towards the subject of mathematics. One of the possible limitations of this study is the analysis 

of each of the tasks, as the conclusions are based on the descriptive results of the experience. 
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Therefore, future research will be focused on identifying a classification of resolutions through 

specific qualitative analysis with deductive categories. 

We would like to highlight that the participating university students have been able to 

reinforce the knowledge learnt in class through the analysis of the primary school students' 

problem solving. In addition, to connect with the critical perception of the way in which each 

of the tasks were presented. Last but not least, to observe the motivation that a 4th-grade 

Primary School child has towards the subject of mathematics. Given that the pupils have valued 

very positively this type of activities implemented in the classroom, this proposal will be 

consolidated in the 2021-2022 academic year and will be continued in the rest of the subjects 

in the Didactics of Mathematics area in future years. 
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