
mathematics

Article

The Pedagogical Knowledge Deployed by a Primary Mathematics

Teacher Educator in Teaching Symmetry

Mª Isabel Pascual *, Miguel Montes and Luis Carlos Contreras

!"#!$%&'(!
!"#$%&'

Citation: Pascual, M.I.; Montes, M.;

Contreras, L.C. The Pedagogical

Knowledge Deployed by a Primary

Mathematics Teacher Educator in

Teaching Symmetry. Mathematics

2021, 9, 1241. https://doi.org/

10.3390/math9111241

Academic Editor: Michael Voskoglou

Received: 20 April 2021

Accepted: 25 May 2021

Published: 28 May 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Research Center COIDESO, University of Huelva, 21007 Huelva, Spain; miguel.montes@ddcc.uhu.es (M.M.);
lcarlos@uhu.es (L.C.C.)
* Correspondence: isabel.pascual@ddcc.uhu.es

Abstract: Although the knowledge required by mathematics teacher educators is a relatively recent
area of research, there has been significant progress in the field over the last few years. The classic
distinction of a teacher’s knowledge into content knowledge and pedagogical content knowledge
prompts us to reflect in this regard on what should constitute the content of primary teacher educa-
tion programmes, and how the educator might mediate this content to make it accessible to their
prospective teachers. This paper aims to contribute to this progress through a study into the work of
Lucas, a teacher educator, during the course of a training session with prospective primary teachers.
Critical observation of the video recording brought to the fore salient teaching situations on the topic
of symmetry, which led us to explore the pedagogical content knowledge deployed in the session
through a guided interview with the educator. Analysis of extracts from this interview enabled us
to identify three main categories of this PCK: knowledge about how to teach programme content;
knowledge about the characteristics of prospective primary teachers’ learning; and knowledge about
the standards and norms of primary teacher education programmes.

Keywords: primary mathematics teacher educator knowledge; pedagogical content knowledge in
teacher education; primary teacher education; symmetry

1. Introduction

Despite recent advances in research into the knowledge of mathematics teacher ed-
ucators, there is little consensus about what kind of knowledge is appropriate to the
profession [1]. One starting point for taking up the challenge of characterising the knowl-
edge of primary teacher educators (PTEs) has been to approach it in terms of the distinction
between content knowledge and pedagogical content knowledge [2–4], which has char-
acterised the study of mathematics teachers’ knowledge [5–9]. However, there are three
aspects of the context in which PTEs work that highlight substantive differences between
their professional knowledge and that of mathematics teachers [4,10]: content, student
profile, and teaching objectives. In terms of content, teacher education goes beyond the
purely mathematical; regarding the student profile, the prospective primary teachers (PPTs)
are adults; and with respect to teaching objectives, the goal is teaching to teach [4].

On the assumption that teacher education as a whole encapsulates and exceeds purely
mathematical content, it is pertinent to ask what should comprise the content of primary
teacher education. There is a well-established body of research literature into mathematics
teachers’ knowledge [5–9], and this offers some indication, at least from a cognitive per-
spective, as to what this content should be, drawing on the utility of the different models
for structuring primary teacher education [11]. The first consequence of adopting such an
approach is the need to establish the correlation between the different kinds of knowledge
required by a mathematics teacher and a mathematics educator. From one perspective,
there are studies that indicate that there is a common framework of knowledge shared
by teachers and educators, while at the same time recognising other areas of expertise
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peculiar to each. In this regard, there are elements of the educator’s knowledge that are
not considered necessary for a teacher to know, and vice versa [12,13]. Alternatively, the
teacher’s knowledge can be considered as subsumed within the educator’s knowledge,
albeit each nuanced in terms of their particular purposes and utility [4]. From this perspec-
tive, the difference lies in the observation that while the teacher uses this knowledge as a
tool, largely implicitly, in planning their mathematics teaching, the educator is required
to have the ability to mediate this same knowledge in such a way as to facilitate its con-
struction within the minds of the prospective teachers. In this view, it is assumed that
the educator has a deeper, more extensive knowledge of mathematics teaching than the
teacher [4]. More specifically, the range of the educator’s knowledge can be characterised
by a network of interconnections between the different knowledge domains involved
in teaching, as well as other aspects of teacher development. In sum, the mathematical
foundations on which the educator’s knowledge rests are considered to be more extensive
than those of the mathematics teacher. Our position concurs with this view insofar as
professional knowledge is concerned. At the same time, we recognise a division of teacher
education content into three large domains: professional knowledge, teaching practices,
and professional identity [14]. The role of the educator within this conceptualisation is to
enable the prospective teachers “... to think like a teacher, ... to know like a teacher, ... to feel
like a teacher and ... to act like a teacher” [15] (p. 698). These four aspects require different
kinds of knowledge on the part of the educator. The educator’s knowledge involved in the
tandem “to think like a teacher” and “to know like a teacher” can usefully be explored in
specific models of teachers’ knowledge (e.g., MTSK [7]), yet the question remains about
which elements of the educator’s knowledge are deployed in teaching PPTs “to feel like
a teacher” and “to act like a teacher”. Evidence of these facets of the teacher education
programme content, structured as in Figure 1, can be consulted in previous studies by the
authors [16].

Figure 1. Content of initial mathematics teacher education.

Consistent with the foregoing review of research into the content of initial teacher
education and the nature of the educator’s knowledge of this content, in this study we
focus on answering the question: which indicators of pedagogical content knowledge
can be identified in the course of a class on symmetry with a group of PPTs? The aim of
the study is to explore the knowledge that enables the educator to deal with a previously
studied content item, and so provide evidence for a range of elements that we consider
to constitute his pedagogical knowledge. In order to do this, we conducted an interview
with the educator about an observed session he had delivered as part of an initial primary
teacher education course. Excerpts from the interview, illustrative of certain types of
knowledge, were then analysed and assigned to categories following a top-down and
bottom-up methodology [17].

2. The Pedagogical Knowledge of Primary Teacher Educator

In this section, we discuss the professional knowledge involved when educators
guide PPTs to construct their own knowledge. Our discussion covers the three areas of
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content into which initial primary teacher education can be divided. In this regard, the
critical studies are once again those that found parallels between the work of teachers
and educators [2,3,12,18]. Some studies, adapting the notion of the teaching triangle [18],
reassign the vertices of the teacher–teaching–student triangle according to the actors in
initial teacher education programmes. Thus, the adapted version places teacher education
content (the mathematical and didactical elements to be learned by prospective teachers)
at the vertex previously occupied by knowledge of the subject to be taught in the original
version of the triangle, as illustrated in Figure 2. Hence, the educator would be in the vertex
assigned to “teacher” in the usual teaching triad, and the prospective teacher the vertex
assigned to the learner.

Figure 2. The teaching triangle in initial teacher education.

A recurrent observation of the research literature into PTEs’ knowledge [12] con-
cerns the dual focus of their discourse. At one level, the discourse mirrors that of teacher
and student, whereby content and its associated pedagogical considerations are devel-
oped. At the same time, there is another level in which the discourse reflects the relation-
ships between the PPTs and their future students, and that generates a set of different
pedagogical–mathematical considerations. In effect, the PPTs take on a dual role, as learners
and future teachers.

In addition to insights into these two interrelated teaching planes, another major
contribution of previous studies concerning PTEs’ professional knowledge [19], is the ex-
tension of the tools used for analysing teachers’ pedagogical content knowledge (PCK) [2].
Traditionally, PCK has been conceptualised as comprising knowledge about the students,
teaching, and the curriculum [5–9]. Translated to this new scenario, the PCK correspond-
ing to PTEs has been adapted to include categories such as knowledge about how PPTs
learn, knowledge of how to teach the content pertaining to the teacher education course,
and knowledge of the norms and standards governing primary teacher education pro-
grammes [19], as summarised in Figure 3 below.

Figure 3. Structure of teacher educators’ pedagogical knowledge.

Combining these two research strands, we note that, for example, PTEs’ knowledge
about the PPTs’ learning characteristics bifurcates into PTEs’ knowledge of PPTs’ capacities
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for learning mathematics and PTEs’ knowledge of trainees’ learning potential. In this
respect, the prospective teachers need to rethink the mathematics they have previously
learned, which can lack depth and be somewhat fragmentary [20], so as to achieve a deeper
understanding of essential mathematics [21] that will allow them to transform it (the maths)
so that it can be learned by their future pupils. Likewise, the educator’s knowledge of
how to teach the training content should not only enable them to promote in their trainees
the construction of professional knowledge, but also help them in the development of
professional abilities and the construction of a professional identity [19]. Finally, knowledge
about standards in teacher education programmes can enable the educator to establish
connections between elements learned from different courses, and help the educator to
generate learning and professional development sequences for the prospective teachers.

3. Methodological Design

Primary teacher training programmes consist of a heterogeneous body of knowledge.
The professional backgrounds of the educators delivering the programmes are no less
heterogeneous [22], nor their beliefs regarding how such programmes should be consti-
tuted [23]. This inherent idiosyncrasy makes case study methodology an appropriate choice
of research approach. Assuming the potential of instrumental case study for generating
theoretical elements [24–26], and in particular to contribute to the generation of theory
about professional knowledge [2,4,7,8,16,20], we followed that research design. Hence,
we adopted the top-down and bottom-up [17] focus usually used in this kind of research
design, which would enable us to achieve a snapshot of an actual teacher education
programme in the process of constructing professional knowledge [17].

3.1. Context of the Research

The subject of this study, who for the purposes of this paper will be referred to as
Lucas, was a primary mathematics teacher educator with close to 40 years’ experience,
and an active researcher into mathematics education in the field of teacher knowledge and
professional development. Given his career trajectory, experience, and wealth of knowledge,
Lucas was an especially rich source of information, which was the reason he was selected
for the study, in addition to the question of accessibility of information. Although not
the main focus of the study, understanding the educator’s knowledge requires taking
into account their conceptions about the programme content and the teaching–learning
processes involved. The role of conceptions in professional knowledge has been addressed
in previous studies into teacher knowledge [7], and consistent with these, we believe
that they interact with the subdomains making up the educator’s knowledge. In this
regard, Lucas’s conceptions about primary education were reflected in his concern to go
beyond the purely mathematical in his training sessions and promote a broader notion of
professional knowledge.

Although various models of primary teacher education are available, in this study
we characterised the content of teacher education according to the model followed in the
context of this research. At the University of Huelva, where the research took place, the
programme content for initial primary teacher training is closely related to the foundations
of the Mathematics Teachers’ Specialised Knowledge (MTSK) model [7]. The focus is chiefly
on cognitive elements of both mathematical and pedagogical knowledge, as recognised by
the MTSK model. Twenty-one of the 240 ECTS credits constituting the degree in primary
education are dedicated to mathematics teaching, distributed across different courses
and oriented around distinct areas of mathematics. The excerpts providing evidence of
knowledge that were included in this study were extracted from the observation of a class
on teaching symmetry and from a follow-up interview, the latter forming the chief source.
The specific course in question was a semester-length course in the final year, focusing
on geometry. It included content relating to flat shapes, three-dimensional bodies, and
isometry in the plane. This was complemented by other material on the use of teaching aids,
PPTs’ analysis of conceptions, and their awareness of the difficulties that primary pupils
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might face at this stage of their mathematical development. Among the aids, the educator
particularly focused on the Geogebra software, a tool for representing and reflecting
on geometry.

3.2. Data Collection and Analysis

Two complementary data sources were selected for this study. First, a training session
on symmetry was recorded and transcribed. Episodes from the session were labelled
according to the coding Ob-x/y: n-m, whereby “Ob” identified the source of the episode as
the observation, “x/y” gave the day and month of the recording, and “n-m” referred to the
corresponding line numbers of the transcription. Field notes were also made during the
sessions by the lead author, acting as a nonparticipating observer [27]. Second, the data
collected directly from the session were complemented with a follow-up interview with
Lucas, as a means of corroborating indicators captured in the recording and validating the
results. This secondary source followed the coding Int-S: n-m, whereby “Int-S” identified
the source as the interview, and “n-m” referred to the corresponding line numbers in the
transcription, as in the case of the observation above.

For analysing the data, episodes were selected from one or other of the sources, and
grouped according to the content item involved, so as to create categories that would enable
us to understand what was being worked on in the training session, and what professional
knowledge was underlying the planning and management of these situations. Validation of
the analysis involved a process of triangulation through expert consensus [27], and by con-
trasting excerpts from the different data collection instruments, in a multimethodological
approach [28].

4. Analysis

Extracts from the transcriptions of the observation and interview are included below
to provide evidence that characterised both the primary education course content and the
pedagogical knowledge of the educator.

The focus of the observed session was the topic of symmetry, on which Lucas worked
with the aid of the Geogebra tool. In excerpt Ob-11/10:769-780, when the PPTs were
working at individual computers, Lucas asked a student to share her work on the projector
screen for everybody to see.

Lucas: OK, so we’re all going to draw a polygon of any kind in Geogebra, without
the grid and without axes. Draw it yourselves using the polygon option. [...]
It’s curious, we always tend to draw one of the sides parallel to one of the axes.
Now the axis of symmetry shouldn’t be parallel to this side, and it shouldn’t be
parallel to the base either ... not to this side or the base.

PPS: A straight line?

Lucas: Yes, a straight line. Good, we need another point. No, further down. ...
OK [The shared screen shows the following:]

Excerpt Ob-11/10:769-780. Construction of the task in Geogebra.
Lucas’s instructions focused on the position of the axis of symmetry relative to the

shape. He consistently underlined that the alineation of the figure should not coincide
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with the edges formed by the natural borders of whatever resource is being used, which
despite not necessarily being Cartesian, might nevertheless be suggestive of parallelism
and horizontality. When asked about his insistence on this, Lucas explained it in excerpts
Int-S:167–169 and Int-S:175–178.

Lucas: The thing about the axis [of symmetry] not being vertical or horizontal,
especially it not being vertical—the standard way of representing symmetry—is
really hard for them to grasp.

Excerpt Int-S:167–169—PPTs’ difficulties with positioning of polygons.

Lucas: Some of the problems which emerge in teacher education are the result
poor learning when the trainees were at primary school themselves, and they
bring with them to the teacher education course a lot of incorrect notions and
concepts they picked up then.

Excerpt Int-S:175–178—origin of PPTs’ difficulties with mathematics.
These excerpts illustrated Lucas’ knowledge of the PPTs’ grasp of the concept of

symmetry. He explained that changing the position of the axes meant that one of the
key properties of axial symmetry—the perpendicularity of the line segments connecting
each point to its transformation—was foregrounded. The result of placing the axes in a
vertical position was that the transformed shape aligned perfectly with the original, thus
obscuring the requisite of perpendicularity, of which the PPTs often failed to take account.
The tendency of the PPTs to construct symmetry in this way had its origin, Luca affirmed,
in their mathematical experiences with the concept, resulting in a poor conceptual image
of the transformation. The advantage of targeting PPTs’ weak points in mathematics, he
said, was the understanding they gained of the pedagogical aspects of teaching symmetry
for their future work. Excerpt Int-S: 19–22 highlights this:

Lucas: By looking closely at the areas of difficulty PPTs have with symmetry,
they can anticipate the kind of difficulties which primary pupils can have with
symmetry and its properties.

Excerpt Int-S: 19–22—PPTs’ difficulties reflecting those their future pupils.
In the extracts below, from the same class on symmetry, Lucas drew attention to the

conditions that each point of symmetry must meet with respect to the original, and insisted
that the symmetry must be constructed by applying the transformation, and not by using
the reflection function in the Geogebra application. Lucas expanded on the use of the
application as a teaching aid in the teacher education programme in excerpt Int-S: 39–51:

Lucas: Geogebra has the advantage of removing the difficulty that people can
have in constructing graphical relationships, so that they can focus on the under-
lying mathematical relationships.

Excerpt Int-S: 39–51—advantages of using Geogebra.
Lucas cited further advantages of the application. These, although equally applicable

to symmetry, referred in this case to the topic of triangles from a previous session, specif-
ically, the benefit of visualising the implications of the angle bisector theorem for acute,
right, and obtuse angles, as expressed in excerpt Int-S: 83–86:

Lucas: What Geogebra does is enable you to see in real time what happens
when—in the case of triangles, for example—when a triangle is displaying certain
properties, such as when an angle goes from being acute to being obtuse. Or with
a rectangle, it allows you to see your conjectures about properties play out in a
way which static geometry cannot match.

Excerpt Int-S: 83–86—the dynamic nature of the Geogebra software.
Other utilities of the software that Lucas aimed to transmit were, first, that Geogebra

should be regarded as an aid to their mathematics teaching, as well as to their learning
(excerpt Int-S: 122–125), something which the PPTs do not always taken on board; and
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second, that using it in the course of their own teaching offers distinct benefits (excerpt
Int-S: 107–109).

Lucas: The problem with this resource, as with others, is that they find it difficult
to shed the role of being a learner. I think that if a prospective teacher is going to
take on the role of a teacher, they shouldn’t still be learning whatever it is they
are going to teach, they need to have moved on from there.

Excerpt Int-S: 122–125—the dual role of teaching resources in initial training.

Lucas: Yes, I do try to transmit the idea to them that Geogebra can be a really
useful tool in their lessons, but it’s not something I do explicitly [...] I’ve always
believed that some kind of isomorphic process happens when you teach [...] What
you do in the initial teacher education class bears a certain degree of similarity
with what you’d like to see them do in their primary lessons.

Excerpt Int-S: 107-109—methodological isomorphism.
Both these extracts illustrated Lucas’ knowledge of the dual role of the PPTs as both

learners and future teachers, and of how pedagogical content knowledge is constructed in
teacher education programmes. With regard to the first of these ideas, Lucas repeatedly
recognised that the PPTs needed to develop their mathematical knowledge—an area in
which primary teachers have undoubtedly been traditionally weak—at the same time that
they developed their pedagogical content knowledge. This is a shortcoming that Lucas
identified as one of the major difficulties of the teacher education programme, as, in his
words, it is all but impossible for the PPTs to do both at once. Lucas’s notion of methodolog-
ical isomorphism emerged from his aim that they develop their pedagogical knowledge in
terms of how Geogebra can be used in their primary lessons. Lucas’s evident awareness of
this process as he carried out his classes demonstrated his knowledge about how to teach
PPTs to teach mathematics, and was in large part predicated on his demonstrating, during
their initial training, strategies that they could subsequently replicate. Likewise, when
Lucas talked about how the PPTs could use the software with their primary students, it
underlined his knowledge of applications designed for teaching at this level.

As the class on symmetry continued, the PPTs displayed difficulties not only with
using the teaching resource itself, but also with the properties of symmetry. This situation
led Lucas to go through, step by step, the symmetric point of one of the points of the
polygon with respect to the established axis of symmetry (as can be seen in the diagram in
extract Ob-11/10:769–780 above). As he did so, he interpreted the sequence of instructions
for using Geogebra in terms of the properties of symmetry these represented, and that they
had previously worked on in class.

Lucas: I’m going to go step by step ... I know that the symmetric point of B
is on a line going through B which is perpendicular to the axis. So I tell the
programme ‘perpendicular’, and I put a point and a straight line ... on a straight
line perpendicular to this axis with this point, but it is on this line. I know
that the symmetric point of A is on a straight line which goes through A and is
perpendicular to the axis [...] What else do I know? What you said, the distance
to the axis is the same as this [indicates a point and its symmetric point]. The
other thing I know is that the distance from this point to the perpendicular I’m
preparing here is the same as the distance from here to the corresponding point.
How can I work that out? How can I put the corresponding point here? What
should I do? What function can I use?

PPT: The circle?

Lucas: I don’t know what unit the axis is in ... ‘Circle with Centre through Point’,
of course. The centre will be this [indicates a point, G, on the axis] and the point
will be this [indicates the point, D], OK?



Mathematics 2021, 9, 1241 8 of 12

Excerpt Ob11/10: 820-844. Identifying point reflections.
In the follow-up interview, Lucas was asked about the connections between the

PPTs’ difficulties with the mathematical content and their pedagogical content knowledge
(Excerpt Int-S: 162–164), and the design of primary teacher education programmes (Excerpt
Int-S: 212–216):

Lucas: We can look at it two ways: a lack of content knowledge is a barrier to
pedagogical content knowledge, and a good grounding in terms of content means
you can focus your attention on the teaching–learning processes involved in this
content. In my experience, that’s how it is.

Excerpt Int-S: 162–164—connections between mathematical content and pedagogical con-
tent knowledge.

Lucas: The course programme, when you look at it from the outside, has a far
greater load in terms of MK than PCK [...] Nevertheless, in reality the load is
much more balanced, giving MK greater weight, of course.

Excerpt Int-S: 212–216—course programme structure.
The difficulties with mathematical content that Lucas observed in the PPTs here

were similar to the shortcomings he had previously noted in their reflections on teaching
resources. What both instances had in common is that they demonstrated that the peda-
gogical aspects of a concept, procedure, or resource cannot be fully contemplated until
the corresponding mathematical knowledge has been properly assimilated. It is precisely
this kind of knowledge—or more precisely, the lack of it—that accounted for the way
the course was actually structured, something in which Lucas took an active part. As he
pointed out, the prevalence of purely mathematical content over the pedagogical derived
from the evident gaps in the PPTs’ mathematics background. The result was a less than
ideal configuration of the education programme, about which, and the various criteria
necessarily applied to the choice of content, Lucas said the following:

Lucas: The first thing is that the course content gives a true reflection of what
they do in primary education. The second is that the treatment I give this content
must equip them to understand it in sufficient depth to be able to mediate it
with their pupils. This means they need to go through a stage of unpacking.
They need begin to understand the reasons why things are the way they are. [...]
This process of unpacking includes coming to understand the issues of teaching
and learning a concept, but understanding the concept itself and its connections
is essential.

Excerpt Int-S: 194–201—criteria for selecting teacher education programme content.
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Hence, within his inventory of teacher education programme content, Lucas in-
cluded not only a sound, interconnected knowledge of items on the curriculum, but
also knowledge about how these can be taught, some of which will stem from a thorough
understanding of the item in question, while others will be drawn from complementary
pedagogical knowledge.

5. Results

Summarising the above, we found a range of indicators of the educator’s pedagogical
knowledge (Table 1). Although these were particular to the teaching session in question,
they nevertheless contributed to the development of categories for structuring educators’
knowledge. When these elements were classified into the general categories into which we
divided such knowledge, we could see three types: knowledge of how to teach programme
content, knowledge of the characteristics of the PPTs’ learning, and knowledge of the
standards and norms of primary teacher education programmes. In the same way that the
role of the PPTs shifts from learner to prospective teacher during the learning process, so
the educator’s considerations change from one plane to another according to the focus.

Table 1. Indicators of the educator’s pedagogical knowledge.

Knowledge about How to

Teach Programme Content

Knowledge about the Characteristics

of PPTs’ Learning

Knowledge about the Standards and Norms

of Primary Teacher Education Programmes

Analysis of the potential of different
representations of symmetry

Foreseeing PPTs’ difficulties with
respect to the mathematical
content of axial symmetry

The contents of teacher education should start
from a grounded study of primary content

Choice of nonstandard examples
regarding the relative position of shapes

involved in the symmetry

Consideration of the PPTs’ duality
as students of mathematics

and as future teachers

PPT education should include elements that
enable the unpacking of mathematical content

Reflection on PPTs’ errors vis-à-vis
symmetry aids their understanding of
pedagogical aspects of their teaching

PPTs’ misunderstandings
of symmetry hinder the

construction of knowledge
about how it might be taught

Use of Geogebra and reflection about its
potential as a training resource with PPTs

The possibility of methodological
transference from teacher training to

primary education
(methodological isomorphism)

In the category concerning knowledge about how to teach programme content, the
first two indicators—”analysis of the potential of different representations of symmetry”
and (especially) ”choice of nonstandard examples”—were representative of the subcategory
“examples for teacher education”. Lucas chose these examples in order to encourage his
students to reflect on how their own efforts at constructing an understanding of symmetry
can foreground both the challenges the topic presents to their future pupils and a means
of tackling these. The aim of the task, with its corresponding examples, was twofold. In
addition to developing the PPTs’ mathematical skills, Lucas aimed to provide a useable
model of primary teaching. Lucas’s notion of methodological isomorphism, displayed over
the duration of the course, illustrated his knowledge of strategies for teacher education
at the same time that it showed his knowledge of primary teaching techniques. These
examples once again highlighted the two levels at which the educator’s discourse oper-
ated. Within his knowledge about how to deliver the programme content, there could be
distinguished decisions oriented towards the (re)construction of mathematical content
and those aimed at the construction of pedagogical content knowledge. Regarding the
former, we can note the proximity of his approach to the way a mathematics teacher might
construct knowledge with their students, an approach accounted for by the gaps in the
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PPTs’ mathematical knowledge (something of which Lucas was aware). Nevertheless, it is
not solely mathematical knowledge that is the focus of the teacher education course. The
PPTs also learn to act as teachers, an end that is achieved, as Lucas affirmed, principally
through the strategy of providing PPTs with a template of good practice to follow.

We also found evidence of areas of difficulty that were identified by Lucas among the
PPTs, chiefly with respect to mathematical knowledge. Awareness of this kind of lack of
knowledge among the PPTs by the educator is taken into account by a set of indicators
within the category of characteristics of the PPTs’ learning. In addition to the examples of
these difficulties that Lucas noted, it is important to highlight the connections he made
between the PPTs’ mathematical knowledge and the pedagogical knowledge that they
need to acquire. Here, the dual role of the PPTs was decisive in terms of their interaction
with the programme content. Over the course of the session, the focus on mathematical and
pedagogical–mathematical knowledge alternated, but progress was conditioned insofar as
PPTs’ incomplete knowledge of the former could act as a barrier to their development in
the latter.

Finally, Lucas’s affirmations also provide evidence of his awareness of the standards
and norms that frame primary teacher education programmes, making an explicit link
between training content and the primary curriculum. In the context of widely varying per-
spectives on how teacher education should be constituted, Lucas—responsible for course
programming—affirmed that these should be primarily driven by the demands of primary
education. His view was founded on the idea of the fundamental knowledge [21] that
teachers must have about the subject they teach in order to make sense of the connections
between contents in the education programme. The focus on purely mathematical content
was complemented by pedagogical–mathematical considerations aimed at enabling the
PPTs to make appropriate teaching decisions. This in turn told us something about the
criteria used for selecting content, and about the learning expected of the PPTs during the
teacher education programme.

6. Discussion

With the theoretical sensitivity given by the literature review about mathematics
teacher educators’ knowledge, in this work we focused on finding empirical evidence of
some indicators of mathematics teacher educators’ pedagogical content knowledge. Based
on the analysis of the classroom practice and the interview, we found examples of pedagogi-
cal content knowledge, such as consideration of the advantages and disadvantages of using
a particular teaching resource. The educator’s evaluation of this resource—used as more
than a teaching aid for the PPTs—and the comparison he makes of it with other resources,
illustrates the difference between his knowledge and that of a teacher [2]. Consciously,
the educator acts as model to be imitated by the PPTs. He assumes that his discourse and
acts have to be coherent, and through that didactic isomorphism shows a way of teaching
mathematics while he fosters the reconstruction of the mathematical elements that he
identifies as weak in the PPT’s mathematical knowledge. Thus, he shows knowledge of
strategies to foster the construction of knowledge of mathematics teaching, at the same
time he tries to shape the future teaching practices of the PPTs. The teacher educator carries
to their students from their role as learners of mathematical content, to their future role as
teachers. This empowerment is promoted by fostering a deep reflection about the nature
of the mathematical content he teaches, and about the learning difficulties and teaching
strategies concerning that content [29]. Thinking in a possible implication of this in teacher
education programmes, it could be interesting to foster this kind of practice by teacher
educators. With respect to studies aimed at drawing parallels between the way in which
teachers’ and educators’ PCK is structured [2] (content here understood to encompass
mathematical and pedagogical mathematical knowledge), our results indicated a strong
similarity between the difficulties encountered by PPTs and those exhibited by primary
pupils, and between the use of resources in the two contexts. Finally, we assume that fur-
ther research is needed concerning PTE’s knowledge, both pedagogical content knowledge
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and content knowledge, in order to gather more empirical evidence of a set of theoretical
indicators that were not addressed here. This could be done through other instrumental
case studies with PTEs different than Lucas, contributing to a triangulation of interstudies,
taking into account the heterogeneity of the backgrounds of PTEs. This further research
could also be interesting to compare the knowledge of two PTEs that teach in different
teacher education programs, aiming toward a further possible generalization.
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