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Abstract 
The analysis of content and communication interaction in mathematics is a valuable tool, since we can 
extract relevant information from its processes that effectively contribute to the optimization of 
teaching performance in the classroom. 

By being able to identify the processes of interaction existing in the classroom, between teacher and 
students, as well as how the acquisition of knowledge is generated, allows us to contribute with 
relevant data, to fine-tune existing pedagogical methods. 

Certain that the structuring and exploration of contents, which happen in the dynamism of 
mathematical communication, in the classroom, are processes in constant change, it is our objective 
to be able to identify the process that generates obstacles in mathematical communication. 

Our research focused on two classes of basic education in Portugal, one at the pre-school level and 
another at the 1st cycle of basic teaching, where we tested new analysis tools, which allowed us to 
extract information that complements very effectively the classic models of content analysis. 

In this article we present the main guidelines of the tools used, exemplifying with the information 
already obtained, serving these as unique structures for the development of a future innovative model 
of content analysis. 

Keywords: Research Methodologies, Communication in Mathematics, Classroom dynamics, teaching 
analysis tools. 

1 INTRODUCTION  
On this paper, we present in Section 2 a bibliographical review of the problems of our research. 
Taking in consideration the objectives, outlined in subsection 5.1., we will reflect on what 
communication is; what is mathematics; what is the relationship between communication and 
mathematics; which has been studied about mathematical communication, as well as, in section 4, 
some strategies and methods relevant in the promotion of mathematical communication. 

We argue that in order to promote mathematical communication and pedagogical motivation, we must: 
give importance to what we communicate and how we communicate, in the classroom; try to see if the 
student understood the message; stimulate and enable moments of social interaction; promote 
meaningful learning; enable moments where the student has a decisive, active and reflexive action; 
encourage the explanation of reasoning and focus the teaching-learning process on the student. All 
this process is based and pedagogical models of teaching. Thus, we highlight in section 3 two models 
that are the primary reference of our study. 

In section 5 we present the methodology used in our work, indicating the instruments of data 
collection, the analysis techniques used and the analysis model. Because the information collected is 
very extensive, here we present only a small example of how we are conducting our research, and 
how the information records are being carried out. 

Our research focused on two classes of basic education in Portugal, one at the pre-school level and 
another at the 1st cycle of basic teaching, where we tested new analysis tools, which allowed us to 
extract information that complements very effectively the classic models of content analysis. 

In this paper we present the main guidelines of the tools used, exemplifying with the information 
already obtained, serving these as unique structures for the development of a future innovative model 
of content analysis. 
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2 MATHEMATICAL COMMUNICATION IN SCHOOL CONTEXT 
Communication, in addition to being a process of information exchange between at least two 
intermediaries, who alternate between the roles of sender and receiver, through which "one mind 
comes to another mind", said by Waever, quoted by Neves in [1], can also be understood as a 
dimension of the space of social experiences and their manifestations [2]. 

The genesis of all the pillars that will support the structure of communication in the child happens, 
firstly, in a family environment, if we consider a normal and non-dysfunctional experience of 
coexistence. Thus, when the child begins to attend the school environment, he already carries 
representations about his identity, culture and knowledge of his family's neighborhood. It is up to the 
educators to take advantage of these representations, generating the appropriate stimuli so that 
children can build, from these, more complex structures of communication that generate knowledge. In 
the classroom, in full social interaction, children learn, imitate and develop their way of communicating, 
acting on the surrounding social environment. In the works of Coll and Edwards [3], we can find a 
methodological support that allows analyzing this interaction of the child with its social niche. 

In the process of developing the native language, there are links that allow the child to know and 
participate actively in society [4]. Mathematics is not a form of verbal communication, similar to the 
form of communication that generates the construction of the native language. But, many of the 
principles that form the basic structure of mathematics are created almost simultaneously with the 
process of developing of it. 

Mathematics is defined by Horril in [5], as the "science of numbers and their operations, interrelations, 
combinations, generalizations and abstractions, and of space, configurations and structure, measures, 
transformations and generalizations." Hersh [6] adds that "Mathematics must be seen as a human 
activity, a social phenomenon, part of human culture, which takes place in a historical context, 
intelligible only in a social context." Lladó and Jorba [7] argue that "like all human activity, 
mathematical activity requires mediating elements, semiotic instruments, in particular the use of 
language." Therefore, if there is a perfect symbiosis between the processes of verbal communication, 
which are used in the learning of the native language, and of the reasoning structures that generate 
the mathematical processes, mathematical learning will attain excellent rates of progress and 
manifestation when the child interacts with the social environment. 

The development of communication as well as the development of mathematical skills awakens very 
early in the child, sometimes long before the same contact with the school reality. For example, during 
our research work, carried out in a teaching environment in a pre-school educational room, with ages 
close to five years, we noticed that some children already knew how to count correctly up to ten and 
recognize the graphical representations of some numbers. This phenomenon, along with similar ones, 
that Clements [8] had already observed in 2014. In the conclusion of their work they emphasize, and 
affirm that it is not foreseeable that the ideas and interpretations of the children are seen as if the 
children were adults, since the concept of number is seen by an adult in a way that is closer to the 
quantitative side and by the child in a more qualitative way. 

Mathematics is associated with the native language, for, as Devlin, in [9], points out, "mathematical 
ability is nothing more than linguistic ability used in a slightly different way." That is, the numbers and 
letters are part of the human cognitive; allowing learning and interpreting what is around us. The 
mathematical communication between the teacher and the student is supported in processes that are 
the object of study of the most recent research methodologies, as we can verify in the works of some 
relevant authors [10], [11], [12], [13], [14] and in the works of Vygotsky [15]. According to these 
authors, in those referenced papers, there are several perspectives on communication in mathematics 
classes that can emerge from socio-historical, constructivist, or interactive orientations. 

In [15], Vygotsky, who conceived the theory of proximal development, which relies on interaction, 
importance is given to communicational interaction as an orientation in the teaching-learning process, 
through a relationship with a constructivist perspective. The center of education is the student and the 
student develops meaningful experiences and activities. Menezes [16] synthesized this process of 
interaction in mathematics classes: (i) the classroom culture is constructed, interactively, by the 
teacher and the students; (Ii) the contents and organization of the class emerge interactively; (Iii) the 
communication process is based on negotiation and sharing of meanings. 

During the execution of our investigation, taking into account all the observations recorded, we could 
verify that in the social environment studied, the communication interaction is preferable. By 
establishing horizontal communication, all students have the opportunity to share their ideas and 
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explain their reasoning. Through sharing, the educator is able to extract sufficient information, which 
will allow analysis of the difficulties or potentialities of the student, acting accordingly, thus repeating a 
flexible and dynamic cycle. 

3 TWO EDUCATION MODELS WICH PROMOTE MATHEMATICAL 
COMMUNICATION 

Among the models that generate efficient strategies and value the actions of the participants in the 
classroom teaching environment, promoting a greater interaction, constructor of the learning 
consolidation, the High Scope models and the one followed by the Movement of the Modern School 
stand out. 

In the High Scope model, whose main characteristics can be found in [17], it is understood that it is 
necessary to provide the child with spaces that allow the emergence of self-initiated activity, in which it 
can be supported, creating opportunities of experimentation and dialogue. Educational practice, as 
well as discourse, should be encouraged. The child has to feel free to communicate. The educator 
must be attentive to the communication process, not to command the speech, but rather to correct or 
suggest topics that foster mathematical communication. 

The model called the Movement of the Modern School emerged from a movement with the same 
name, which emerged in Portugal around 1969, being inactive for a long period due to the repression 
of the dictatorship in Portugal [18], reactivating after the educational restructuring that took place in 
Portugal after democracy was re-established in 1975. As Folque says in [19], this pedagogical model 
"challenges the individualistic view of child development, proposing a social perspective, in which 
development is built through social practices, within parameters Historical and cultural”. It encourages 
the development of autonomy and social interaction, with the child having an active and participatory 
role, with the right to make decisions and make choices; Have the power to plan their practices; 
Assumes responsibility and participates in the construction of the teaching-learning process in a 
democratic way. 

Any of the models referred to integrate the students as collecting agents, generators and drivers of 
their learning. These two models stand out because they emphasize the differentiation. The entire 
student is distinct and each has their own pace of work and learning as well as different tastes, 
interests and needs. 

4 SUGGESTING STRATEGIES THAT PROMOTE MATHEMATICAL 
COMMUNICATION 

We present some strategies that follow, in a certain way, a methodological line close to the models 
presented in section 3, which we consider fundamental and that should be highlighted in the planning 
of teaching processes. 

Coll and Edwards in [3] characterize relationships in the classroom as a highly dynamic and reflective 
set of processes, highlighting interactive patterns and processes of communication, while Roldan [20] 
proposes that this process has its foundations in several types of interaction, unidirectional  (Teacher-
student, student-teacher, student-student), bidirectional (teacher-student-teacher, student-teacher-
student, etc.) or multidirectional (teacher-student Students-teacher, student-students-teacher-student, 
etc.). 

Defending communication based on interaction, Kurt Lewin, cited in [21], advocates group learning, 
seeking to demonstrate that human behavior is a product not only of personal characteristics, instincts 
and other internal motives, but also of the complex and dynamic environment in which it is embedded. 
As far as learning is concerned, Lewin states that it is in a field of action in which a set of factors 
interferes and conditions a person's behavior [21]. Thus, group work emerges as a fundamental 
strategy in the promotion of mathematical communication, since it creates the opportunity for students 
to present their ideas, listen to others, express doubts, discuss and argue [22],[3]. 

It is up to the educator to get to know his / her group and to outline strategies for a good functioning in 
small groups that help the student to progress in the proper content. According to the interactionist 
perspective, it is necessary that the child has an active participation. Therefore, in the development of 
the teaching-learning process we must provide spaces of interaction, structuring and planning 
activities that promote greater mathematical communication. In addition, we should also provide 
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students with spaces for decision and reflection. Yet another aspect to be valued in the construction 
and exploitation of activities should be the exploration of the senses. As shown in [23] there is an 
active exploitation, using all the senses, because the more senses we use the greater the capacity of 
reception, storage and information work. 

In the context of mathematical communication, it is not only important that the teacher communicate, 
since the student must also perceive the context and participate. However, throughout our remarks we 
find that the message was not always perceived or transmitted in the best way, and therefore what is 
mentioned is not always understood. Something that is highlighted in the works of Not [24]: After 
receiving the messages it is necessary to codify them, to organize them, to reorganize them, to 
transform them, to combine them, to analyze them in their elementary components and to regroup 
them in sets. 

There must be a great stimulus to oral participation. While the understanding of the received message, 
recorded in written form, requires that it be related to something previously learned; In oral 
participation the object transported in the message is reconstructed by recall, by reactivation of 
schemes produced by previous emissions [24]. 

Significant learning should be promoted and the Mathematical Communication developed among all 
the interlocutors, in order to create opportunities for the emergence of doubts, confrontations, 
discussions and explanations. This type of learning forms the foundation of the teaching-learning 
process, since it stimulates a greater participation and interest on the part of the students. 

In addition to the message that educators and teachers communicate, we must pay attention to how it 
is communicated according to the intensity and speed of the voice, so that there are "changes in the 
tempo of the voice". Only then will the student be encouraged to be attentive. The information must be 
clear and concise and the enunciator must know when to use pauses, for "he must employ them after 
having expressed a sufficiently complete piece of thought to be understood and examined by himself" 
[2]. These should pay attention to the speech given, to participate if necessary, and note only the most 
relevant information that end up being highlighted due to changes in intensity and speech speed. 

Mathematical terms used throughout communicative interactions must be related to everyday life. One 
essential strategy of mathematical language is to communicate with meaning, since part of the 
learning of mathematics consists in acquiring mastery over mathematical terms so as to be able to use 
them in discourse and derive meaning from them, rather to do mathematics [25]. 

Also, attention should be given to the way we question the student in order to challenge his or her 
thinking through questions that require complex answers, in other words, that expose him or her to the 
explanation of reasoning. Pinheiro and Ramos [26] defend these ideas, giving importance that the 
trainer should stimulate the child, making him an active participant, and exposing him questions that 
allow him to participate with some freedom. 

Around these ideas, authors such as Smith and Stein [27], list five practices that favor further 
discussion in mathematics classes: anticipation, monotorization, selection, sequence, and connection. 

In our opinion, these practices allow for greater communication in the classroom, center the process of 
teaching and learning in the student and require the educator to play a role of mediator in the 
decisions and discussions. Its development is extremely important right from pre-school education, 
because, as the Curriculum Guidelines for Pre-school Education (2016) in Portugal explain, the 
educator should provide diverse and challenging experiences, supporting children's reflection, Allow 
constructing mathematical notions and proposing problematic situations in which children find their 
own solutions and discuss them with others.  

Throughout our presence in the school environment, we have witnessed the implementation of various 
strategies, an indispensable process in the formative process, in order to satisfy the criterion of 
diversity. We highlight the observation and characterization of the pedagogical context; The 
determination of values and principles; The definition of objectives and purposes; Know and know how 
to use educational resources; Planning and implementation; Evaluation and reflection on educational 
processes and products; Attention to feedback from students and teachers; To know how to use 
feedback as a regulating element of the action and to carry out a cooperative work with other 
teachers, as already observed and developed in [28]. 
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5 RESEARCH METHODOLOGY 
Our study, in this phase of testing the research model, occurred during the school year of 2015/2016. 
Information collection was carried out at a basic school during the period from December 2015 to May 
2016. Afterwards the information was transcribed for text, for further analysis during the months of 
June to September 2016. The transposition and framing of the information in the tables of registration 
took place from September 2016 to March 2017. In all, 20 information tables were built, containing 
information on pre-school educational level, 4-5 years old, and the first cycle of basic education, 6-9 
years old. 

5.1 Research objectives 
The aim of this study was to understand mathematical communication in two different contexts: pre-
school and the first cycle of basic education, considering the following research objectives, all of them 
having as a common factor the analysis of mathematical interaction subordinated to mathematical 
contents: 

1 Reflect on the methods (expository, demonstrative, interrogative or active) used in the 
pedagogical action on the communicative interaction in the learning of mathematics; 

2 Identify potentialities or constraints found in the promotion of communicative interaction in the 
learning of mathematical contents; 

3 Identify the discourse (question, answer, feedback, and reasoning) employed in addressing 
mathematical content; 

4 Identify the weight of communicative interaction in learning mathematics. 

5.2 Methodological procedures 
The present study is of a qualitative nature, since there is a concern in describing and understanding 
facts recorded and observed in classroom teaching environment. 

For the accomplishment of the study were selected several situations, which were observed and 
recorded, at the level of Pre-school Education and 3rd year of the 1st cycle of Basic Education in 
Portugal. It was analyzed the mathematical communication promoted by several interlocutors: 
cooperating teachers, trainee teachers and students. 

For the collection of information, video and audio recording were used, followed by transcriptions of 
the dialogues that occurred in each situation. 

This being a work in which most of the information was collected through the video recording, we took 
into account the associated ethical issues, so as not to call into question the information that was 
provided to us. Thus, we respect the rights of those who participated voluntarily, ensuring the 
anonymity of the teachers and students involved; We inform the participants about the methods used; 
We ask permission from the institutions and parents, to photograph and film; We transcribe with rigor 
what is perceptible in audio and describe some situations of movement, to better understand what 
happened. 

For the analysis of the data we proceed to the characterization of the pedagogical situation, the 
content analysis of the communicational interaction and the content analysis related to the 
mathematical contents approached in the classes / activities. In order to characterize pedagogical 
situations, we use tables of content analysis on the components of the class, which can be found in 
[29], but slightly modified. Instead of the picture depicting what was planned, it will depict what actually 
happened. Also, three fields were added in the observation record table to quantitatively account for 
information, grouped into context units. The choice of this instrument is due to the fact that it is quite 
simple to interpret and it contains the components of the classes. 

Following the work of Albarello [30], in order to analyze the information collected, we opted for 
categorical content analysis, which is the operation through which the data are classified and reduced 
after being identified as relevant. Thus, the data were classified into categories, subcategories and 
indicators, seeking to respect the properties, also evidenced in the works of Bardin [31] and Esteves 
[32]: mutual exclusion, homogeneity, completeness, objectivity and pertinence and productivity. 

Mutual exclusion is characterized by no overlapping of categories. Homogeneity means that there 
must be only one classification principle. There has to be a coherence of criteria that renders the 
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categorization readable as a whole. Completeness means working all the information gathered in 
order to respond to the objectives. It is the categorization that allows hosting all the relevant registry 
units for the research object without exception. As far as objectivity is concerned, the different parts of 
the same material must be classified in the same way, even when subjected to various analyzes. The 
relevance is to adapt the system of categories to the theoretical framework, the type of information 
and the research questions that we seek to respond. Productivity is related to the fact that the 
category system should provide fertile results for research. 

The registration units were organized without considering any timeline of occurrence. We assemble as 
a single unit of record, values from the observations that were repeated in the pedagogical event. But 
we counted, in the fields designated as quantitative, the number of times that occurred. Thus, we do 
not lose the weight of the record, in the future interpretation of the data, by its insistent occurrence, 
and we simplify the tables.  

The data collected concern: 1) content analysis on the mathematical communication interaction; 2) to 
the analysis of mathematical contents, where we investigate the predominance of content and its 
relevance in the approach of theoretical linkage in the classroom environment. 

The way we organize the information is perfectly viable the extraction of information to verify who 
communicated more frequently in the classroom environment. For this, we divided the intervention 
records into four fields: communication between teacher-student; student-teacher; student - student 
and teacher-teacher. 

Since our tables were created in Portuguese language, see table 2 and table 3, we present an 
example in English, and their translation would be irrelevant to the comprehension of the method, and 
because they are very extensive outlining the allowed size of the paper, in Table 1, we can see a 
sample of the categorical system that we use, in our collection of information regarding the 
communicational interaction. The categories used in the analysis of the mathematical contents were 
those described in the program of the 1st cycle of basic education in Portugal, including subdivision by 
themes in each category: Numbers and Operations, Geometry and Measurement and Organization 
and Data Processing. 

In Table 2, we can see an example of information gathering, with the context units present and in 
Table 3 we have the same information present in Table 1, only in a summarized form, presenting only 
the context units, as well as the respective quantification of information. 

Table 1.  Category Communication Interaction 

Subcategory Indicators 

 
 
 
 

1.1. Questions 

1.1.1. Aimed at basic concepts: approach to questions about basic contents 
of mathematics, that is, Pre-school Education and the 1st Cycle of Basic 
Education. 

1.1.2. Directed to the articulation of contents: approach of questions that 
define one or more articulated concepts in the scope of mathematics. 

1.1.3. Directed to the articulation of interdisciplinary contents: issues that 
respect interdisciplinary contents 

1.1.4. Directed to the interpretation of statements: questions that require the 
interpretation of statements. 

 
 

1.2. Correct Answers 

1.2.1. Defines basic concepts: responds correctly using basic concepts 
already covered in student knowledge. 

1.2.2. Articulates the contents: responds, correctly, articulating mathematical 
contents. 

1.2.3. Articulates interdisciplinary concepts: responds correctly using the 
relationship between interdisciplinary concepts. 

(...) (...) 
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Table 2.  Example of recording the observations in Communication Interaction 

 

Table 3.  Example of quantification of the observations in Communication Interaction 

 

6 MAIN RESULTS 
The contents of Table 2 and their summary relate to observations of a very simple mathematical 
activity. The students had a set of beans on the table, in an undetermined number, and had a 
worksheet in which they had to fill in the values as requested to subdivide the total number of beans 
into smaller subsets. Students were expected to be able to count the total number of beans, counting 
one by one, two to two, three to three, etc ..., establishing a relationship with the multiples of two, 
three, four, etc., with the total of the set of beans. It was also intended to explore the concept of the 
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remainder of the division, with a few beans remaining on the table, which the students had to conclude 
the remainder of the entire division of the total number of beans by two, three, four, etc. 

After the quantification of the information, coming from the educator-student dialogue (4th column of 
table 3), in which the emitter focus was the educator, and the dialogue between student-teacher (5th 
column of table 3), where the emitter focus was the student, we can, through the analysis of the 
quantitative values, extract some interesting communicational relations. In the first indicator, when the 
teacher gave more weight to the identification of numbers and operations, in the communication, (9 + 
4)/20 = 13/20=65%, the students only clarified some specific doubts absorbing 5/20=25% of the 
communication, leaving only 1/19=5% for the communication of mathematical structures related to the 
native language, by the teacher. The consequence of this disproportion was noted in the second 
indicator, when students answered with a weight of (27 + 3) / 32 = 30/32=94% in the communication 
related to numbers and operations and only 1/32=3% related to the native language, that is, the 
teacher tends to introduce a lot of information into a certain content, the student's communicative 
response arises in an equivalent proportion. We again notice the same effect in the 4th indicator, 
when the teacher reinforces the number perception, with a weight in the communication of (7 + 2) / 20 
= 9/20=45%, answering the student in almost proportional form with a weight of (13 +1) / 20 = 
14/20=70% in communication. In this case, since the students has more need to repeat some contents 
to understand better some rules, from this results we can conclude that at least to be satisfied the 
student needs to communicate twice more in weight the same information related by teacher. On the 
other hand, when the teacher transmits information that does not capture the student's attention, such 
is the case of the 6th indicator in table 3, with the teacher explaining the rules of how the activity 
should occur too extensively, concentrating ( 10 + 1) / 15 = 11/15=73% of the communication, the 
students respond with disinterest, appearing only 4/15=27% of corresponding weight in the part of the 
student. 

Above it is a small example what we can do with this kind of tables. The full tables have a lot more of 
information but due to the restrictions of space in this paper, we will just resume the main results, 
obtained so far, in our research, when we compare information from other tables and the weight of 
each indicator in the global: 

1 When the teacher launches questions directed to basic mathematical concepts, concentrating 
more than 65% of the dialogue on the subject, in the preparation of an activity in which it is 
necessary to use them, students tend to obtain a high rate of correct answers, above 80%. 

2 When there is a positive feedback from the teacher, in the course of the activity, the students 
tend to obtain high values of self-correction, placing them on a scale of two successful auto 
corrections, for a positive stimulus by the teacher. 

3 When the educator makes a mistake, which is detected by the student, in his communication, 
this has a negative effect on the student's perception of the concept, on a scale of one wrong 
concept for three unsuccessful self-corrections. 

4 When the teacher lists a list of instructions, in a successive way, these being not very related to 
the mathematical activity itself, but only with the form of being, of participating, of 
communicating on the part of the student, there is a tendency for 30% of this information is 
considered irrelevant by the student. 

5 In the elaboration and articulation of genuinely mathematical reasoning, related to mathematical 
activity, there is a communication balance, receiving the student a positive stimulus, with a high 
possibility of self-correction, if necessary, for each interpretation and / or approach by the 
teacher. 

We emphasize the importance of our work tool, which can enable a different view of interpretation in 
the analysis of contents when subject to communication in the classroom environment. In future 
papers we intend to publish more detailed and accurate analyzes of our work. After analyzing all the 
information resulting from this preliminary research phase, we will return to the school community to 
extract more information in order to perfect our interpretation techniques and the model itself. 
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