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Abstract This study examines how reflexive
conversation (RC) conducts pre-service mathematics
teachers to collective learning. Although the investigations
on the development and learning of teachers have shown
that reflection and conversation help to improve their
practices and favor learning, the relevance of this study lies
in that there still remains the need to find more profound
ways on how to achieve it. To this end, this study focuses
on the RC. Eleven students in a mathematics teacher
education program and their instructor participated in this
study; they were observed during two sessions of ninety
minutes each, while they thoughtfully discussed the
solution for a mathematical task. A qualitative analysis was
conducted to understand the learning developed by the
participants in the RC context following two principles of
conversational analysis: (i) turn taking, and (ii) sequence
organization. The principal theoretical reference was the
theory of conversation. It was found that RC steers towards
collective learning if the topic, object of conversation, is
discussed in a free, open and flexible way. The participants
transformed their individual knowledge through discussion
and negotiation of meanings into a common knowledge
such as this: “the concept of generalization in mathematics
does not only consist in the establishment of patterns and
rules in arithmetic and algebra, it is also a process to form a
mathematical concept”. Therefore, RC could be considered
in the design or redesign of professional teaching education
courses.
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1. Introduction

Dewey [1] considered that the purpose of education

should be encouraging reflexive thinking because people
do not learn from experiences but by reflecting upon them.
By means of reflection on the ideas and experiences, it is
possible to build and give meaning to them and to express
these meanings in our thoughts, speech and actions [2].
Reflection has the intentional or deliberative nature to
produce some type of results and can be of at least three
types: anticipated, updated and retrospective. Schon [3]
was one of the first people to place these types of reflection
in the professional teaching practices and referred to them
as:  reflection-for-action,  reflection-in-action  and
reflection-on-action. He claimed that a teacher is more
capable in his practice as far as he reflects on what he
thinks and does. In fact, thinking and doing are considered
as complement processes of learning [4].

In the specific field of mathematics education, the
previous positions led to the analysis of reflection in
relation to the professional development and learning of
mathematics teachers. For example, by analyzing the use of
portfolios to develop reflective thinking [5,6] by using
narratives to develop a professional identity [7,8] or to
increase awareness of the complexity of student learning
[9]. In general terms, it has been documented that reflection
helps to transform the teaching practice when it is
incorporated in education teacher programs [10].

Moreover, previous studies [11,14] have documented
that the collaborative participation of in-service teachers or
pre-service teachers in the reflection of multiple aspects of
teaching helps to integrate their knowledge in order to have
a wider vision of its complexity and to make explicit their
tacit knowledge. In this way, teachers and their colleagues
become aware of the principles that guide their practices,
the way they teach and how their students learn [15].

However, Opfer and Pedder [16] claim that it is
necessary to advance forward in how teachers learn and the
conditions that support and promote their learning because
the results obtained have not been sufficiently satisfactory
[17,18]. It is also necessary to widen the research on how to
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favor a significant reflection among teachers [10]

In this sense, some researchers consider that one way to
involve teachers in their professional development and
learning is through their participation in research
communities dealing with teaching and learning processes
[12,19]; because sharing their reflections in these
communities broadens their visions of the complexities of
these processes and of themselves as teachers [14,20].

Raelin [21] points out that reflection is mainly
interactive so that conversations between colleagues
stimulate it and even allow negotiation and development of
a shared understanding of the teaching practice and how to
commit to it [22]. Therefore, conversation has an important
role in teachers' self and collective reflections because they
can lead to a better understanding of the mathematical topic,
its teaching and learning on the part of the teachers [23].

The literature has recognized the importance of
reflection and conversation for the professional
development of teachers and mathematics teachers in
particular [24-27] [10,28]. However, they have been
treated separately most of the time, accounting for one or
the other, and assuming reflection as an inherent part of the
conversation. It has also been reported several times that
collective reflection does not occur as often as it should be
expected in professional learning communities [29] and
that when teachers show signs of reflection on their
practice, they focused on the teaching aspect rather than on
learning, including their own [6]. Therefore, more research
is needed on how to promote significant reflections among
teachers [10].

Research, such as Needham's [30], mentioned five
“different forms” in which conversation has been
connected with learning and professional growth. However,
it is not clear how reflection is present in the conversations,
and even when reflection is an essential aspect of the
learning of teachers, its efficient development requires
scaffolding for its integration into the professional practice
[31]. Based on the above, it is thought that reflexive
conversation could be the articulating concept that
provides an additional insight into the professional
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development processes of future teachers with emphasis on
the conversational.

According to the main idea regarding the theory of
conversation, learning is produced through conversations
about a topic. These conversations make knowledge
explicit and lead to the formation of new shared concepts
[32-34].

In consequence, we consider it necessary to study how
RC between pre-service mathematics teachers constitutes a
means to promote professional development and learning;
we specifically focus on their professional practice because,
as mentioned before, conversation is the basis of individual
and collective reflection which, in turn, takes form of
knowledge and learning for the interlocutors [32,35].

The purpose of this paper is to inform about how
reflexive conversation favors the learning of pre-service
mathematics teachers, considering that professionals
develop their knowledge through a reflexive process of
formulation and reformulation of problems [3] and that all
professional conversions have the potential to have a more
profound professional knowledge [36]. We are particularly
interested in the characterization of a RC space in which
the thoughts and actions of the participants are constituted
in collective learning. In this sense, we examine how
reflexive conversation can lead to a collective learning of
pre-service mathematics teachers in the context of a
Didactics of Mathematics course.

2. Theoretical Framework for RC

For Pask [34] conversation involves a process of
negotiation of shared understandings which leads to the
emergence of knowledge. Therefore, conversational
learning is to have a dialogue between peers who build
their understanding through exchanges of their ideas,
thoughts and feedback. He proposed a cyclic model of
learning (Figure 1) between two participants (teacher and
learner) concerning a topic named “the skeleton of a
conversation”.
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The horizontal connections in this skeleton represent
verbal exchanges that can occur in at least two levels, the
how and why, relative to the procedural and conceptual
knowledge, respectively. The wvertical connections
represent causal relationships with feedback, a hierarchy
of processes that controls or produces other processes.
There is a canonical world in the lower level of this
hierarchy in which the teacher may induce or exemplify
the topic through non-verbal demonstrations [37].

In the conversation theory of Pask, learning is the result
of an interaction between two or more participants that
intentionally look for a common understanding, and even
when the answers to specific questions of a topic are
personal, the meaning is produced by agreements based
on the conversation. In other words, understanding is built
individually [38], and learning consists of changes in the
individual structure of knowledge.

In a similar way to Pask, Kolb and Kolb [4] defined
"conversational learning" as a process in which people

The Experiential Learning Cycle (Kolb & Kolb, 2017, p. 32)

build new meanings and transform their collective
experiences in knowledge through conversations. They
proposed an experiential learning cycle composed of four
learning modes: Concrete Experience (CE), Reflective
Observation (RO), Abstract Conceptualization (AC) and
Active Experimentation (AE) (figure 2). CE mode
consists in learning from experiencing/feeling; mode RO
is related to observing and reflecting on what has been
done/experienced in CE (learning by processing); mode
AC is related to theorizing or generalizing the experience
from RO (learning by generalizing), and mode AE is
related with implementing or proving a theory for future
experience (learning by doing). The central arrows in
Figure 2 indicate the dialectic relationships between these
learning modes in the cycle. On the one hand, it shows the
relationship (CE — AC) by which the experience is
captured; on the other hand, it shows the relationship (RO
— AE) by which the experience is transformed.
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In this way, conversational learning implies a cyclic,
dialectic and holistic process of adaptation to the world in
which transactions between a person and the environment
are given [1]. Baker, Jensen and Kolb [33] claim that the
experiential is the principal source of learning and that
learning is reinforced as far as people pass through the
cycle of experience, reflection, abstraction and action; in
this way, they construct meanings from their experiences
during conversation. The authors argued that people
construct shared meanings through conversations based on
their experiences and improve their understanding as they
remain open to dialogue.

Figure 3 shows this conversational learning process. It
represents that while a person is receiving feedback (CE)
and formulating perceptions (RO), the other one is
creating intentions based on these perceptions (AC) and
acting on them (AE).

In a certain way, the models of Pask, and Kolb and
Kolb complement each other. The conversational learning
model of Pask consists of dialogical interactions based on
the exchange of ideas on a specific topic; learning is
produced by means of questioning (questions and
answers). On the other hand, the conversational learning
model of Kolb and Kolb consists of dialogical interactions
based on opposites and contradictions in the topic of
discussion to achieve learning. In addition, in the model of
Pask, learning is not just a matter of the evolution of
schemes as in the Kolb and Kolb’s model, but also
considers the relationship with the content. Both models
identify the role of dialogue to foster learning, either with
a chain of questions and answers, or an acceptance of
differences, contradictions and conflicts that occur during

Conversational learning cycle (Kolb & Kolb, 2017, p.191)

the discussion leading to the emergence of meanings [39].

Having said this, both models make little reference to
reflection as part of conversations, and according to
Dewey [40], learning does not come from our experiences
but from reflecting upon them. Reflection must be with
the mental action of representing actions before the
individual and with the process of construction of objects
(meaningful things). Therefore, it is necessary to extend
the idea of conversation to reflexive conversation with the
purpose of deepening and completing understanding about
how and who will participate in it and foster professional
learning.

In the context of the theoretical frameworks described
above, an RC involves more than sharing information or
experiences where the participants may or may not agree
[37]. Tt involves speaking and listening reflexively [41],
this is, a willingness to engage in a dialogue in which
ideas are exchanged and articulated through the
negotiation of meanings, the acceptance of questions and
the argumentation of ideas that could eventually lead to a
new understanding of the topic of conversation.

Therefore, the concept of RC in this study includes the
transformation of individual and collective thoughts and
actions of the interlocutors associated with a topic of
conversation or situation, when they are able to reach
higher levels of awareness of the consequences, with the
implicit or explicit support of open questioning and
interaction of opposites and contradictions.

Consequently, the integration of the models described
above is proposed to examine how reflexive conversation
is involved in producing professional learning (Fig. 4).
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Figure 4. Reflexive conversation and collective learning based on Pask (1976) and Kolb and Kolb (2017)

Learning by perception (how) is in the first level of
figure 4; while learning by information processing (why)
is in the second level, which is perceived as more
demanding in a cognitive sense; however, they
complement each other to produce deeper learning. The
two conversational levels are connected through causal
processes like experimentation, reflection, thinking and
action.

3. Method of Study

Due to the interest in understanding the learning of
future teachers from their conversational interactions in
the context of an RC, a qualitative-interpretative
methodology [42] was chosen; this methodology
considers that knowledge comes from the subject-object
interaction in such a way that the interactions, between
people and the environment and between thoughts and
meanings are the focus of the analysis [43].

3.1. Context of the Study

This study was carried out in the context of a Didactics
of Mathematics course which is taught in the last semester
of a mathematics teacher’s education program in a public
university in Southeastern Mexico. This program lasts for
eight semesters and includes mandatory, elective and free
courses related to teaching development in areas like
mathematic topics, didactics of mathematics and the use
of technology with educational orientation, among others.

The course has duration of 48 hours distributed over 16
weeks, with 2 sessions of 90 minutes of classroom work
per week. During this period of time, aspects related with
the teaching and learning of mathematical contents in
basic and secondary education, such as arithmetic,
algebraic, geometric, and statistics contents are addressed
with an average of 12 hours per content. The work is
essentially participatory, and the teacher plays the role of

guide.

3.2. Instrument for Collecting Information

Bearing in mind that conversational learning may start
by interacting with questions such as the "how" and "why"
of a specific topic [34] and that the requirements for
solving a problem are factors in a guidance of reflection
[1], it was decided to use a mathematics task in an open
question mode so it could be the object of discussion and
reflection.

The instructor posed the task in the following way: To
what extent is it possible to infer that an even number is
the result of multiplying two consecutive integers? This
task was proposed near the beginning of the course
(second week).

3.3. Participants

There were eleven participants (8 women and 3 men) in
this study with an average age of 22 years. The instructor
was a member of the research team. She has a doctoral
degree in the field of mathematics education and five
years of experience in the teacher education program. The
criteria for selection of the participants were to be students
in the last semester of this program and to be enrolled in a
course where they wused their previously learned
mathematical and didactic knowledge.

3.4. Data Collection

We refer to the participants in this study with the codes
W1, W2, W3... W8, for women, and M1, M2, M3, for
men, to maintain their anonymity. The code for the
teacher is T.

The participants were organized into four teams of two
people and one of three to solve the task. They were then
asked to share their answers with the entire group. Every
team chose one member to present their results and, if
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necessary, other members of the team make precisions or
clarify the exposition. The teams were organized in the
following way: (W1, W2), (W3, M1), (W4, W5), (M2,
M3), (W6, W7, W8).

Two sessions in total were carried out, each one lasted
90 minutes. The registered conversations focused on the
posed task. The information was collected through
nonparticipant observation; the conversational interactions
between the instructor and the group of students were
audio and videotaped. All records were transcribed for
their analysis.

3.5. Analysis of Data

For the first part of the qualitative analysis, the
conversations were organized based on two principles of
conversation analysis [44]: (i) turn taking, and (ii)
sequence organization. The turns taking are determined by
the moment in which the interlocutors change the
speaker-listener roles, allowing them to detect thematic
episodes, which form organizational sequences (coherent
sentence sequences). Thus, in order to understand learning
in a conversational interaction, the conversations were
divided into propositions [45], understood as units of
knowledge, that is, sentences with one single predicate
[44].

Subsequently, based on the scheme of Figure 4, the
organized data was analyzed in two ways. The first way
consisted in the identification of propositions related to
knowing how and knowing what. In doing so, a review
was conducted of the conversation episodes associated

Reflexive Conversation: Approach to the Professional Learning of Pre-service Mathematics Teachers

with information exchanges on how the future teachers
managed to solve the task and their justifications for their
answers (why), focusing on the type of reflection used in
their actions. The second way consisted in the
identification of the modifications of the thoughts of the
future teachers as a result of their reflections and
negotiation of meanings.

To identify and describe reflections on a procedural
level, it is useful to consider them as characterized by
discussions focused in the construction or use of
procedures connected with the solution of the task; while
for reflections on a conceptual level, it is considered that
thoughts are characterized by focusing on the use of
conceptual ideas or theories.

4. Results

4.1. Actions and Reflections in Conversations

This section shows how actions and reflections during
conversation on the procedural level indicated in figure 4
are characterized by discussions focused on the
mathematical content of the task and its specificity;
namely, to determine to what extent it is possible to infer
if the product of two consecutive integers is an even
number.

Before the conversation and group discussion, two
teams wrote their answers to the task on the board. Image
1 shows the written response of team (W1, W2) and
image 2, the response of team (W3, M1).

There is an odd number after an even number and vice versa

1, 2, 3, 4 5 6.
\/ \/ \/ \/ \/ Consecutives: even
2, 6, 12, 20, 30,.. (Even x Even?
even X even = even —®» 2Xx6=12 Non-consecutives: even
odd X odd = odd — 1x3=3
Image 1. Written response of the team (W1, W2) on the board

One of two consecutive numbers is necessarily odd and the other is even
a,at+1l,a+ 2,
We have the product of an even number and an odd number
e Ifpiseven — p = 2(r), r being any number
o Ifgisodd - p-q=2(r)q = 2(rq) This product is even.

Then, the product of two consecutive numbers is even, because one of them is a multiple of
two. Then, its product should also be a multiple of 2.

Image 2. Written response of team (W3, M1) on the board
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The initial conversations of the pre-service teachers
focused on discussions that recognized or verified if the
result of the multiplication of two consecutive integers is
an even number. The level of the content of the
conversation was procedural because it was based on the
use of multiplications of specific cases of even and odd
numbers. This was observed in the following excerpts of
the conversation:

01: (W1, W2): (...), What happens if we multiply two
even numbers? 2 X 6 = 12, but they are not consecutive
numbers.

An odd number with an odd number also gives us an odd
number.

02: (M2, M3): (...), this is for cases, as he mentioned.
Arithmetic is about a student indicating, for example, that
2 X 6 = 12, thinking cases [points to image 1]. In contrast,
(...), algebraic thinking is about taking two consecutive
numbers, but bigger numbers, and asking what happens;
and, therefore, generalizing what happens in this case (...)

03: (W3, M1): (...), [ would consider generalization as a
proper part of the algebraic thinking; however,
identification of patterns, the relationship between
quantities, is part of arithmetic. In this case, there is a
certain relationship between the quantities that are
increasing: 2 leads to 4, and then to 6, and there are always
two units, (...) one could conclude that the multiplication of
two consecutive numbers is even, generalization!

04: (W4, WS5): At the beginning, we thought that there
could be no generalization in arithmetic (...) However, after
reflecting on what we understand as generalization, for
example here, if the result of multiplying two consecutive
numbers is an even number, then it is a generalization (...)
We realized (...) that there could be generalizations in
arithmetic and algebra (...) We started thinking about the
specificities of each area (...), we reconsidered and thought
that there could be generalizations in arithmetic. And we
said that in the sequence [images 1 and 3], it is satisfied
from 2 to 6, 4 is missing and it can be generalized as being

multiples of two, as said before.

VVVV
Multiplication of positive 2 6 12 20 30

consectutive integers \/ \/ \/ \/

Differences of thevalues 4 6 8 10

[Second differences]

2 2 2 4—End

Image 3. Multiplication of consecutive integers and their differences,
written by W4 on the board

05: (W3, M1): How are the results of two consecutive
numbers? 2,6,12,20 and 30. There is a multiplicative
relationship: 2x1,2%3,2%x4,2x%x5,2x15, 1T would
see that, but I think it would take me away from the point.

06: (W1, W2): We say that a number is one way to
generalize in arithmetic. We saw the proof proposed by our
classmates later and we started to think that literals
participate in some way; we wondered if we were talking
about algebra.

We think that on what (W4, W5) are talking about, it
would be a construction or searching for the behavior of a
sequence.

07: (W1, W2): There [image 4], it would satisfy that the
product of two consecutive integers is an even number, and
we can see that they have the number two in common (...)

08: (M2, M3): How could you come to a representation?
We mean, to something more general. We think it is
interesting.

09: (W3, M1): (...) We are seeing it now, what is the
meaning of the position in this context? We think it is a
way to place the previous rectangle in the actual one [image
4].

Area 2 6 12
| ¥
2
2 - 3
7
3
4
Area: 0+2(1) 2+2(2) 24+2(2)+23)
{1} {2} &
Area (m[__])=Areay_,+2m  m: position
m+1

Image 4. Process followed by M1 to interpret 2k as a generalization



1804

It was identified that the participants tried to generalize
the result when they questioned what could happen by
multiplying two consecutive numbers or big numbers 02.
This means that they were asking for the general
conditions in which the product of two numbers is even
and supported their arguments in the use of geometrical
and literal representations (Image 4). For example (Image
3), M1 looks for a pattern on how the product of the
multiplication of two consecutive numbers is increasing
through the estimation of the recursive differences (based
on the answer of W4) in 03. He gave a geometrical
representation that illustrated the pattern followed by the
numbers 2, 6, 12... in order to show evidence of what he
said and persuade his fellow participants. These
conversations lead the participants to a reflection, 04 and
06, to generalization in arithmetic and algebra. Therefore,
the actions and conversations extend beyond the
specificities of the task and lead to reflections on the
concept of generalization in mathematics.

Three types of reflections were identified in the
conversations:

Anticipated reflections: They were characterized for
referring to future actions. These actions were related to
the teaching of the arithmetic content of the task. The next
lines of the dialogue show some of these reflections.

10: (M2, M3): We wonder if this is a trivial question for
an elementary school student, yes or no and why? And then,
is this trivial for a high school or a university student?

For example, this [image 2], can an elementary school
student do it? We think that this is an answer of a university
student.

11: (W3, M1): We think that if an elementary school
student knows how to generalize, then it could be said that
he could also make interpretations.

12: (M2, M3): This could be considered as an initial
point for teaching even numbers.

Updated reflections: They are expressed in present
indicative. They were made in connection with the
mathematical content of the task, as shown in the excerpts
13 through 17, or with their teaching (excerpts 18 and 19).

13: (M2, M3): We think that these types of answers
depend on previous knowledge and actual tools to establish
connections. Because, similar to the answer of (image 2),
one could consider an integer » and n+/, sorry, n an even
number, and n+/ an odd number, then by multiplying them,
we get n? +n and conclude that it is even. Is it easy?
What does it say to me? Or, what is missing? Is there
another proof to conclude it is even? We could say, you
know, is it easy?

14: (W3, M1): We still think there is a relationship
between the numbers. We are trying to see a relationship.
How are the results of two consecutive numbers: 2, 6, 12,
20 and 30? There is a multiplicative relationship 2 X
1,2X%x3,2X4,2%5,2%X 15, We could see that, but we
think it would take me away from the point.

15: (W1, W2): We were discussing and thinking about

Reflexive Conversation: Approach to the Professional Learning of Pre-service Mathematics Teachers

generalization in arithmetic and all what was mentioned
above.

We say that a number is one way to generalize in
arithmetic.

16: (W6, W7, W8): We was thinking about what was
mentioned on the use of the variable.

17: (W3, M1): What was mentioned in line 09.

18: (M2, M3): We were also thinking that it could
represent a linear behavior of a function in Calculus.

19: (W1, W2): We think that what (W4, W5) mentioned
would be the construction (...) of a sequence.

Retrospective Reflections: They are expressed in past
time. Most of them were made in connection with
teaching the arithmetic content of the task. The next lines
show some of the reflections.

20: (W3, MI1): It could be the transition between
arithmetic and algebraic thinking. We don't know, if
recognizing an algebraic or arithmetic structure implies
this transition. In elementary or secondary school, we detail
this data, don't we? This is, an even number multiplied by
an even number is even; or an odd number multiplied by an
odd number, is odd; but there is a doubt left if this is always
satisfied. For example, with bigger numbers (...).

21: (W4, W5): What was mentioned in line 04.

22: (W1, W2): What was mentioned in line 06.

23: (W3, MI1): Then the solution proposed is an
arithmetic structure, isn’t it?

We made a reference to something like this, a transition
to the algebraic thinking.

4.2. Thinking in Conversations

This section shows how actions and thinking,
corresponding to the conceptual level indicated in Figure
4, refer to discussions focused on knowledge and
mathematical conceptualizations, specifically the ones
related to arithmetic and algebraic generalization. The
development of thinking was observed when the students
went beyond the particularities of the task and focused on
wider aspects, such as the meanings of generalization, its
teaching and learning on different educational levels.
Furthermore, the participants managed to identify their
own thoughts related to the thoughts of others, being able
to withdraw their statements, improve them, or even
complement in a mathematical or didactical way.

The identified thoughts were organized into two types:

Divergent thinking: It is characterized by generating
ideas in several directions searching for “the best”
solution to a problem. The next lines show examples of
this type of thinking:

24: (W3, W1): We considered what would happen if we
multiply two even numbers.

For example, 2 X 6 = 12, but they are not consecutive.

An odd number with another odd number also results in
an odd number.

We considered what would happen if we multiply two
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consecutive numbers, one even and one odd.

25: (W3, M1): What was mentioned in line 03.

26: (W3, M1): What was mentioned in line 14.

27: (W4, W5): We propose thinking the even number
named 2k as the measure of the area of a rectangle.

For example, the rectangle with base 2 and height 1, this
is of area 2, and so on. It would be like generalizing the
pattern.

Convergent thinking: 1t is characterized by looking for
“the correct answer” to a problem in a logical way; for
example, detecting common patterns or regularities that
could lead to the abstraction of a general concept. The
next excerpts are examples of this type of thinking:

28: (M2, M3): What was mentioned in Line 13.

29: (M2, M3): We think it different. We consider that
algebraic thinking requires the development of a thinking
approach to establish relationships between variables and
constants, so generalization would not be exclusive of
algebra. In fact, it is possible to generalize in calculus and
geometry. Let's say that generalization does not only
appear in algebra, it appears in all branches of
mathematics.

30: (W1, W2): We say that a number is one way to
generalize in arithmetic.

31: (W6, W7, W8): (...), the use of literals does not
imply that it is algebra.

32: (W3, Ml1): We think there is some difference
between arithmetic and algebraic thinking; arithmetic
thinking involves a process of generalization.

33: (W6, W7, W8): It depends on the interpretation we
make for 2k, if we think of k as a general number.

34: (W3, M1): We can share our idea of what (W4, W5)
they said [shares image 4]

4.3. Reflexive Conversations

Two reflexive conversation (RC) moments concerning
the posed tasks were identified in the context of the
recorded conversations. The first moment relates to the
mathematical and didactical content in the task. This is
exemplified with the following dialogues.

35: (M2, M3): For example, this [the answer of (W3,
M1)] ... can an elementary school student do it? (...), it
depends on the knowledge and educational level (...)

36: (W3, M1): When we are in this transition of thinking,
it is possible to specify and conclude a result.

It was observed that the participants were not only
becoming aware of the consequences of their actions and
thoughts in this task, they also related them with the
cognitive demands in teaching and learning arithmetic and
algebra by educational level. For example, the ability to
transition between arithmetic and algebraic thinking (see
also lines 10, 13 y 20.

The second moment of RC involves questions and
contradictions around their thoughts and actions in the
task; these led to a “natural evolution” of the conversation
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interactions focused on the negotiation of ideas and
meanings, specifically in the concept of generalization in
mathematics. In this regard, the following dialogical
excerpts are shown:

37: (W4, W5): (...), mathematics is about patterns,
relationships and  generalizations, (...) then (...)
generalization occurs in all areas of mathematics (...)

38: (W4, W5): (...) we considered that there could be no
generalization in arithmetic, that was our idea, (...), but
after reflecting on what we understand as generalization (...)
we realize and conclude that it is possible to make
generalizations in arithmetic and algebra, but in a different
way, (...) we now retract and (...) yes, there can be
generalization (...)

39: (W3, M1): We are still (...); however, there is a
transition to algebra.

40: (W1, W2): (...) the number is one way to generalize
in arithmetic.

41: (W6, W7, W8): the use of literals does not imply that
it is algebra.

42: (W6, W7, W8): (...) It can be arithmetic or algebra,
it depends on the interpretation we make for the expression
2k.

43: (W1, W2): There, (...) The product of two
consecutive integers is an even number which is satisfied
(...

44: (M2, M3): Yes, this could be considered as an initial
point for teaching even numbers.

45: (W3, M1): We are seeing it now, what is the meaning
of the position in this context? We think it is a way to place
the previous rectangle in the actual one.

Reflexive conversations led to common understanding
of the collective; they began by sharing their approaches,
processes, ideas and meanings. At the beginning, the RC
was focused on the specificity of the task and their
respective answers. Later, there were questionings on the
procedural level of those assertions. However, these
discussions “evolved naturally” from opposites and
contradictions until they reached a conceptual level. This
passage between reflexive conversations from procedural
to conceptual, together with the emergence of shared
meanings, provides evidence of the learning of this group
of pre-service teachers. The next section discusses the
way in which the reflexive conversation contributed to the
collective learning.

4.4. Learning and Reflexive Conversations

Conversational learning is a process of the construction
of (new) meanings and understanding of a topic in a
shared way, which constitutes knowledge [4, 34].
Therefore, learning in the framework of an RC is the
transformation of individual knowledge or of its structure
as a result of the negotiation of meanings from which
interlocutors acquire higher level of awareness about the
consequences of their thoughts and actions relative to the
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topic of conversation supported by questionings, and
interaction with opposites and contradictions.

An example of learning in RC is the fact that the
participants transformed their individual knowledge
through discussion and negotiation of meanings into a
common knowledge such as this: “the concept of
generalization in mathematics does not only consist in the
establishment of patterns and rules in arithmetic and
algebra (including other areas of mathematics), it is also a
process to form a mathematical concept; in this case, the
concept of even number”. The excerpts 02, 03, 04, 06 and
37 give evidence of this transformation.

In this sense, conversational learning is the result of
reflections and changes in the way of thinking of the
participants; it started with a guided discussion by
questioning the understanding between two teams that
were at different conversational levels; for example, the
discussion of team (W1, W2) was at a procedural level,
while team (W3, M1) was at a conceptual level.

Contradiction in thoughts, negotiation of ideas or the
fact of living a dialectic to understand the experience
“Grasp experience” [4], fostered the movement of the
approaches and the passage of conversation towards the
transformation of the experience “transform experience”;
for example, team (W1, W2) moved to a conceptual level,
while (W3, M1) moved to a procedural level.

The conversational learning described was enhanced by
a dialogue which combines questions and answers; the
contradictions appeared, and the differences were
accepted. According to Bakhtin [39], dialogue aligns
discussion and meanings. This also agrees with Simoncini,
Lasen and Rocco [46] who report that a guided dialogue
enhances the future teachers to obtain better perspectives
of their teaching practices, including their ways of

Reflexive Conversation: Approach to the Professional Learning of Pre-service Mathematics Teachers

thinking and doing.

5. Discussion

This study characterized the notion of RC and described
its relationship with the emergence of collective learning
among pre-service mathematics teachers in the context of
a didactics of mathematics course.

Some investigations show that, even when it is possible
to conduce some conversations between teachers to the
reflection on their practice, it is still necessary to specify
the type of tools needed to achieve this, such as coaching
and the use of structured questions [47,48]. In this study,
the reflexive conversation allowed the emergence of
professional learning opportunities in future teachers by
encouraging an exchange and articulation of ideas. RC
was based on the questioning of mathematical knowledge
and its use in the resolution of a task, the argumentation of
the procedures and concepts used, as well as in the
negotiation of meanings associated with them. Thus,
future teachers generated common understandings about
the type of cognitive demands in learning arithmetic and
algebraic contents, and they specifically reached a
consensus on the meaning of mathematical generalization.
In other words, RC provided opportunities to develop
knowledge of mathematical and pedagogical content
among participants.

Figure 5 shows how RC enabled the passage between
the modes of learning in figure 4; the issues that favored
the transit between the two levels of conversation:
questioning, contradiction, negotiation of meanings and
generation of agreements.

Moment 1. RC on the didactic and
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in all areas of mathematics.

RO

Dialectic to
transform
experience

learning

h
Generalization is also a process.
This implies its development as a
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Figure 5.
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Reflection is a key aspect in training teachers and their
learning; however, researchers report that its efficient
development requires scaffolding for its integration with
the professional practice [31]. This investigation suggests
that the emergence of spaces for reflexive conversation
characterized by a free, open and genuine discussion
among pre-service mathematics teachers does not only
enhance reflection processes, but also generates collective
learning associated with their future professional practice.

The three types of reflections made by the participants,
transformation of their thoughts and actions, and the type
of learning generated associated with the proposed task,
show that the RC supported the discussion and reflection
on their future teaching practice, the learning of the
students and the mathematical knowledge. Therefore, the
RC created learning opportunities associated with their
mathematical knowledge for teaching. This is in line with
the studies associated with the role of conversation in
professional learning communities [26, 49].

Results support the idea to continue the research on
how to promote reflexive conversation among pre-service
teachers and their instructors, because in a short period of
time, the pre-service teachers increased their knowledge
about the meaning of generalization in mathematics and
its possible didactical implications for its teaching and
learning. This could enhance the development of a shared
vision of the future teaching practice and how to become
involved in it [22].

On the other hand, these results are consistent with the
studies of Demissie [50], Jaworski [19], Chamoso,
Céceres and Azcérate [6] that suggest that the
participation in collective inquiry processes fosters
reflexive thinking among pairs. As shown in this research,
questioning the mathematical knowledge in the posed task
enabled the emergence of several types of reflections and
the modification of ways of thinking.

6. Conclusions

The integration of the theoretical approaches of Pask
[34] and Kolb and Kolb [4] about conversation relative to
the modes and learning styles allowed us to have more
elements to examine and describe the role of the RC in the
production of collective learning in the context of a
professional teaching program. On one hand, the
relationships between reflection, conversation and
learning, proposed in figure 4, are clarified; on the other
hand, it can be seen that questioning, contradiction,
negotiation of meanings and generation of agreements are
central aspects to conduct a dialogue that leads to
collective learning in the context of professional training.

It is considered that RC can be a means to promote the
transition between procedural and conceptual learning in
mathematics courses because learning was not just the
result of both types of understanding, but it also comes
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from the conversation. They slowly become aware of their
knowledge and future professional practice because of
their willingness to discuss in an open and flexible way.

Although the visual resources, such as diagrams and
figures on the board, were not part of this study, it can be
said that these resources were important to support the
interactional conversations, represent ideas and share
understanding through specific examples. Especially, they
helped in expanding and refining understanding among
the participants, complementing their efforts to support or
deny their statements in relation with the task.

Finally, we consider it necessary to deepen our
understanding of how to involve RC as part of the
mathematics teaching programs to make it useful for the
development of professional learning in a collective way,
as in this study, and to generate anticipated reflections
related to the future teaching practice that goes beyond
concepts and proper contents of the programs of the
course.
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