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Abstract: Reflection on the training needed by Panamanian teachers has little research tradition, although recently, training programs
have been developed for teachers to teach mathematics in accordance with current trends in the teaching of this subject. This article explains
one of these postgraduate training programs. Specifically, the guidelines for its design and some results of its second implementation are discussed.
Among the most important results for this article we have a) the creation of the platform as well as the set of assignments designed, which
have been used for the training of subsequent promotions of teachers; b) It highlights the change in the criteria that guide the teacher’s
practice at the end of the program, in relation to the criteria used before the training, particularly emphasizing the relevance acquired by
the emotional aspects and those related to interaction in this process.
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Introduction

Debating teacher training, although a topical issue, is not a simple task since it is closely related to
social,political and cultural aspects. Scientific institutions in several countries, especially in Latin America,
havediscussed teacher training as a consequence, above all, of the need to seek higher quality teaching
and,in particular, to obtain better results in student learning and in PISA-type assessment tests. The
different studies that have been conducted consider that the problem of teacher training is a complex
issue thatrequires a multidisciplinary analysis due to the dynamics of societies in constant change
and transformation. Rosas (2000) in this sense mentions the challenges of teacher training and states that
itis not a simple endeavor since it must be closely associated with social changes as well as with the needs
that arise from the vertiginous changes that are currently being experienced.

There are several theoretical models and numerous studies in the field of Mathematics Education
thatcharacterize the knowledge and competencies that a mathematics teacher should have to perform their
teaching task (Ball et al., 2008; Ball & Bass, 2009; Blomeke et al., 2014; Carrillo-Yariez et al., 2018; Godino et
al., 2017; Hill et al., 2008; Llinares, 2003; Pinheiro & Gusmao, 2022; Pimenta, 2005; Pino-Fan et al., 2022;
Pino-Fan et al., 2013; Pinto, 2017; Shulman, 1987). These models and studies coincidein that it is not
enough to know mathematics to teach it well, and that it is necessary, among other aspects, didactic,
pedagogical, and affective competencies and knowledge. On the other hand, they also agree that the
required teacher training to be a mathematics teacher is not only obtained from contactwith practice,
but also requires knowledge and skills to understand and reflect on this practice.

Furthermore, as Rozada (2007) explains, there is still an absence of systematic theorizations on
teacher.

training in this country, which is related to the process of knowledge transfer as well as the
implementation of such knowledge in the schools; On the other hand, an element that influences this
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problem is the fact that teachers do not actively participate in the public agenda associated with
education; as a result, they are not very active and immersed in the discussions about education and this
leaves them in the position of actors in an educational system that is partially defragmented.

The mathematics education needed by Panamanian teachers raises, among others, the following
researchquestions: What are the professional competencies that mathematics teachers need to develop?
How to develop and assess them? The answer to these questions, in turn, is related to the answer to the
followingmore general question: What are the professional competencies needed by primary school
teachers toteach mathematics? Our research group — Research Group in Mathematics Education of
University ofPanama (GIEM21) - has been interested, in the framework of different projects, in aspects
related tothese questions. In particular, it has been particularly involved in the development of training
programs to ensure that Panamanian teachers have the necessary knowledge and skills to teach
mathematics inaccordance with current trends in the teaching of this subject. The aim of this article is
to describe theDiploma in Didactic Strategies for Mathematics Education (EDEM- in Spanish), which
is a postgraduate trainingprogram, and, to delve into the design of this diploma along with a discussion
of the results of its secondimplementation in a semi-virtual format.

Once this part of the pedagogical and methodological structure of the program has been explained,
it is intended to reflect on the competencies needed by the Panamanian elementary school teacher to
explain mathematics according to the Ministry of Education of this country, as well as the universities that
train teachers. Likewise, the theoretical framework that has served to reinterpret the competencies of the
first section is explained, thus giving theoretical support to the design of the EDEM diploma program:
thetheoretical Didactic-Mathematical Knowledge and Competences Model (DMKC). On the other
hand, the guidelines for the design of the DTSD diploma course and some aspects of its
implementation are explained.

1.2. Competencies Required by Primary School Teachers in Panama.

According to the Ministry of Education, the continuous training of active teachers in Panama
requires an autonomous teacher, capable of responding to the demands and requirements posed by
a society in constant change due to the advances in mathematical, technological, and social
knowledge, competencies related to those that the World Economic Forum (Whiting, 2020) has set
forth in the ten job skills of tomorrow. Thus, the continuing education offered by the Ministry of
Education of Panama is intended to be a process of permanent updating that enables teachers to
perform their pedagogical and professional practice in a meaningful and innovative way. For this
reason, in the University of Panama’s offer of continuing education in Mathematics and Pedagogy
for primary and preschool teachers in the period 2013-2018, the teacher is conceived as a professional
trained (suitable) to build mathematical knowledge and apply new methodologies, based on the
experience faced in the classroom.

However, contradictorily to the principles just discussed above, in the last six years there is an
imbalancein the initial training of teachers, since the following content blocks have different emphasis
in theirstudies:

1. General Didactics (a very strengthened area in the programmatic
contents of studies of thebachelor’s degree in primary and preschool

education).

2. Specialized Didactics of the discipline (area with little emphasis in the programmatic
contents).

3. Mathematical Knowledge (area very weakened in the programmatic contents of
studies).

Despite the official national consensus that initial and ongoing teacher training should be a first-
ratequality component of the education system, teacher training centers in Panama, both official and
private, continue to reproduce the traditional school culture and, in turn, many aspiring educators
arrive withequally traditional schooling paths.

On the other hand, the reality of continuing education is not always consistent with this consensus
onhow teacher training should be, which can be observed, firstly, in the school-administrative
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calendarwhere there is no space for training within the working day of teachers. Meanwhile, there is a
systemthat facilitates, through regulation No. 5261 that approves the table of affinities of the academic
degrees required to aspire to teaching positions in the Ministry of Education (available at:
https://www.gacetaoficial.gob.pa/pdfTemp/29421/88453.pdf), a list of degrees that do not require
relevant mathematical training to be a teacher.

The United Nations Development Program (UNDP), supported by the Presidency in the
Dialogue Table “National Commitment to Education” (2017), presents the following competencies needed
in the profile of the primary school teacher, considered by this Program a national priority.

1. Possess a solid Mathematical training, linked to science and technology, and interested in solving
pedagogical-didactic problems of teaching at different levels.

2. To have access to mathematical knowledge without biasing knowledge, with scientific,
humanistic, social, aesthetic, and ethical interest.

3. To have permanent improvement and updating and the possibility of enriching their academic
background through transdisciplinary contact.

4. To have knowledge of Mathematics and its applications for a better development of teaching.

5. Possess the ability to produce educational material using different technologies.

6. Demonstrate a reflective attitude and ability to collaborate in educational research related to the
field of mathematics education.

7. Have the capacity for critical analysis of pedagogical and socio-cultural problems generated in
the educational community.

In order to reduce the gap between the necessary professional competencies and to be able to
followthe new curricular orientations as well as the reality of initial and continuous teacher training,
it is required the design and implementation of training programs oriented to the development of the

newprofessional competencies needed by teachers. In this line, our research group GIEM21, within
the framework of different Research + Development projects financed by SENACYT, has designed a
teacher training program, which began with the Diploma in Didactic Strategies for Teaching
Mathematics (EDEM), whose objective is the development of these professional competencies. For this
purpose, these competencies have been reinterpreted in terms of the competencies of the CCDM model
and in the sub-competency of assessing the didactic suitability of instructional processes.

1.2. Didactic-Mathematics Knowledge and Competencies Model for the Mathematics Teacher (CCDM
Model).

In the framework of the EOS (Godino et al., 2007 and 2019) a theoretical model of Didactic-
Mathematics Knowledge and Competencies of the mathematics teacher (CCDM model) has been
developed (Bredaet al., 2017; Godino et al., 2017; Pino-Fan et al., 2022)

1.2.1. The Notion of Competency and Key Competences

The competency in the CCDM model is understood from the perspective of competent action,
considering it as the set of knowledge, skills, affective dispositions for action, tools for reflection, etc.
that allow the effective performance in the contexts of the profession of the actions mentioned in its
formulation. It is a potentiality that is actualized in the performance of effective (competent) actions.
According to Font et al. (2015), it was considered that the resolution of a task is the starting point for
the development and/or evaluation of a teacher’s competence, the above by virtue of the fact that the
task produces the perception of a professional problem to be solved, for which the teacher (or future
teacher) mobilizes skills, knowledge and attitudes, to perform a practice that attempts to solve the
problem. On the other hand, it is to be expected that such practice is performed with more or less
success (achievement), which is considered evidence that the person can perform practices similar to
those described by one of the indicators of the competency, which in turn is associated with a certain
level of development of the competency. This formulation of the competency, in order to be operational,
needs a characterization of its development (levels of development and indicators) as proposed in Pino-
Fan et al. (2022).
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The subject of competency development in higher education has acquired great relevance. In
generalterms, competencies can be defined as the ability to apply knowledge, skills and values in
specific situations to achieve specific objectives (Morales et al., 2021). The interest of Higher Education
Institutions in this topic lies in their role of training the future of the labor force, since competencies are
fundamentalin professional training as they affect the development of practical skills applicable in the
labor world(Alfaro-Ponce et al. 2023). The issue of competencies has become a nodal point for the labor
market as it is becoming increasingly competitive and dynamic and therefore employers are looking for
candidateswho can demonstrate concrete and relevant skills for their work (Oyarce et al., 2020).
Therefore, theCCDM model is considered that the two key competencies of the mathematics teacher are
mathematical competence and didactic analysis and intervention competence, being the fundamental core
of the latter (Breda et al., 2017): designing, applying, and assessing own and others’ learning
sequences, throughdidactic analysis techniques and quality criteria, to establish cycles of planning,
implementation, assessment and raise proposals for improvement.

1.2.1. Characterization of the Competency of Didactic Analysis and Intervention.

This general competency is composed of different sub-competencies (Breda et al., 2017): 1) sub-
competency of analysis of mathematical activity--this sub-competency, in Godino et al. (2017), is further
decomposed into two: global meaning analysis competency and Ontosemiotic analysis competency of
mathematical practices—-; 2) sub-competency of analysis and management of interaction and its effect
on student learning; 3) sub-competency of analysis of norms and metanorms; and 4) sub-competency
of assessment of the didactic appropriateness of instructional processes.

Sub-competency in the analysis of mathematical activity.

In the area of mathematics education there is no paradigm that indicates how the analysis of
mathematical activity should be conducted. From the CCDM model it is assumed that the theoretical
tools of EOS allow such analysis in terms of mathematical practices, objects, and processes. The
teacher’s identification of the objects and processes involved in mathematical practices makes it possible
to understand the progression of learning and to evaluate students’ mathematical competencies.

Sub-competency of analysis and management of didactic configurations and their effect on
learning.

The notion of didactic configuration has been introduced in EOS as a tool for the analysis of
interactionsin instructional processes (Godino et al., 2006). It is a theoretical construct for modeling the
articulation of teacher and student actions around a given task and content (a configuration of primary
objects andprocesses) of teaching and learning, where knowledge emerges from the interaction process
itself. The mathematics teacher must have competence in the design and management of didactic
configurationsin order to ensure student learning in a given instructional process.

Normative analysis sub-competency

Teaching and learning processes are supported by, and are dependent on, a complex network of
norms and meta-norms of different origin and nature (Godino, Font, Wilhelmi & Castro, 2009), whose
explicit recognition is necessary to be able to understand the development of instructional processes and
guide them towards optimal levels of appropriateness. The mathematics teacher has to develop the
competence of normative analysis of mathematical instructional processes in order to answer questions
such as the following: What norms condition the development of instructional processes? Who, how
and when are the norms established? Which and how can they be changed to improve learning? and so
on.

Sub-competency of assessment of the didactic suitability of instructional processes.

EOS proposes the notion of didactic appropriateness as an essential tool for the assessment of
instructional processes. Fixed on a specific topic in a given educational context, the notion of didactic
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suitability (Breda et al., 2018; Godino, 2013) leads to being able to answer questions such as: What is the
degree of didactic suitability of the teaching-learning process implemented? What changes should be
introduced in the design and implementation of the instructional process to increase its didactic
suitability in future implementations?

The didactic suitability of an instructional process is defined as the degree to which such process
(or apart of it) meets certain characteristics that allow it to be qualified as optimal or adequate to achieve
the adaptation between the personal meanings achieved by the students (learning) and the intended
or implemented institutional meanings (teaching), taking into account the circumstances and
available resources (environment). An instructional process will achieve a high degree of didactic
suitability if it isable to articulate in a coherent and systemic way, the following six partial criteria of
suitability, referringto each of the six facets involved in this process:

1. Epistemic suitability, which refers to the mathematics taught being “good mathematics”. To achieve
this, in addition to taking the prescribed curriculum as a reference, it is a matter of taking as a
reference the institutional mathematics that has been transposed into the curriculum.

2. Cognitive suitability, which expresses the degree to which the intended/implemented learning is
inthe students’ zone of potential development, as well as the proximity of the learning achieved to
the intended/implemented learning.

3. Interactional appropriateness, degree to which the modes of interaction allow the identification and
resolution of conflicts of meaning and favor autonomy in learning.

4. Mediational suitability, degree of availability and adequacy of the material and temporal resources
necessary for the development of the teaching-learning process.

5. Affective adequacy, degree of involvement (interest, motivation) of the students in the study process.

6. Ecological suitability, degree of adaptation of the study process to the center’s educational project,
the curricular guidelines, the social environment, etc.

7. For each of these criteria, a system of components and associated indicators that can be assessed on
a scale is proposed. This is a rubric system that allows a complete and balanced assessment (or self-
assessment) of the elements that, as a whole, make up a suitable instructional process in the area
ofmathematics.

1.2.1. Knowledge of the Mathematics Teacher

In order to develop the required professional competencies in the training processes, teacher
trainersmust analyze the teaching practices that teachers perform for the resolution of proposed
professionaltasks, as well as make use of the didactic-mathematical knowledge activated in these tasks,
thus beingable to find indicators that justify the assignment of degrees of development of the
professional competency to be evaluated.

There are several models regarding the knowledge that a mathematics teacher should have too adequately.

manage student learning (e.g., Hill, Ball, & Schilling, 2008; Rowland, Huckstep, & Thwaites, 2005;
Schoenfeld & Kilpatrick, 2008; Garcia et al., 2021). In Pino-Fan, Assis and Castro (2015) a model is
proposed to characterize the Didactic-Mathematical Knowledge (CDM) of teachers, which considers,
among other aspects, the contributions and developments of the various models of mathematics teacher
knowledge, and the theoretical and methodological developments of EOS. Therefore, the CDM model
(a part ofthe CCDM model) suggests that the teacher’s knowledge is organized in three main
dimensions: mathematical, didactic and meta-didactic-mathematical.

The first mathematical dimension refers to the knowledge that allows teachers to solve
mathematical problems or tasks specific to the educational level at which they will teach (common
knowledge), as wellas to establish connections between the mathematical objects of that educational level
and mathematical objects that will be studied at later levels (extended knowledge). According to the
authors of the various models of mathematics teacher knowledge, the second dimension, in addition
to the mathematical content, refers tha the teacher must have knowledge of the various factors that
influence the planningand implementation of the teaching of this mathematical content. Consequently,
the didactic dimension of the CDM proposes six subcategories of teacher knowledge:

1.  Epistemic facet, which refers to specialized knowledge of the mathematical dimension (use of diverse
representations, arguments, problem-solving strategies and partial meanings of a mathematical
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object), and incorporates notions such as knowing mathematics in depth and breadth (Schoenfeld
and Kilpatrick, 2008) and “specialized content knowledge” (Hill, Ball and Schilling, 2008).

2. Cognitive facet, which refers to knowledge about students’ cognitive aspects (difficulties, errors,
conflicts, learning, etc.).

3. Affective facet, which refers to knowledge about the affective, emotional and attitudinal aspects of
students.

4. Interactional facet, knowledge about the interactions that take place in the classroom (teacher-
students, student-student, student-resources, etc.).

5. Mediational aspect, knowledge about the resources and means that can enhance students’
learning,and about the time allotted for teaching.

6. Ecological aspect, knowledge about curricular, contextual, social, political, economic aspects, etc.,
that influence the management of student learning.

The third dimension of CDM, the metadidactic dimension, is the knowledge necessary to reflect
onone’s own practice (Schén, 1983; Schoenfeld and Kilpatrick, 2008), which allows the teacher to evaluate
the instructional process and to redesign it in order to improve it in future implementations. The three
dimensions described above are present in the different phases of the instructional process of a given
mathematical content: preliminary study, planning, implementation and assessment (Pino-Fan et al.,
2018).

1.3.4. Reinterpretation of the Competencies of the Panamanian Elementary School Teacher inthe
CCDM Model.

The seven competencies proposed by the United Nations Development Programme (UNDP), with
thesupport of the Presidency in the Dialogue Table “National Commitment to Education” (2017),
discussed at the end of section 1 can be reinterpreted in terms of the competencies of the CCDM
model. In particular, if we limit ourselves to the two key competencies of said model, the first and
fourth clearlyrelate to mathematical competence, while the last three (fifth, sixth and seventh) do so
with the competence of analysis and didactic intervention, while the second and third relate, in turn,
to mathematical competence and to the competence of assessment of didactic appropriateness. Thus,
thefact of reinterpreting the competencies proposed by the UNDP in terms of the competencies of the
CCDM model allowed us to elaborate a proposal of competencies for primary school teachers in Panama
with theoretical support in the area of Mathematics Education, coherent with the country’s educational
guidelines, and also to design and implement training programs for their development.

2. Matherial and Methods: Design and Implementation of EDEM

This section explains the design guidelines and some aspects of DTS implementation.

2.1. Competencies of the Diploma in Didactic Strategies for the Teaching of Mathematics (EDEM)

The Diploma in Didactic Strategies for Mathematics Education (EDEM) is a teacher training
projectfor practicing elementary school teachers and graduate students of the Faculty of Education
Sciences of the University of Panama (FACE). It was designed for the development of the competencies
proposedby the UNDP (in particular, its reinterpretation in terms of the CCDM model) and with the
financialsupport of the Vice Rector’s Offices of Research and Graduate Studies and Extension of the
University of Panama. It was also endorsed by the Ministry of Education (MEDUCA) and received
financial support from the Inter-American Development Bank (BID) and the National Secretariat of
Science, Technology and Innovation (SENACYT).

Previously, a pilot EDEM diploma course was designed and implemented from March to June 2018,
in which a multiple case study methodology was used with nine teachers from the Omar Torrijos
Elementary School, located in Panama Centro. With the approval of the school authorities and the
Ministry of Education and FACE, the participants carried out a wide range of pedagogical activities and
mathematical tasks involving the active use of technology in a blended learning modality (Morales-
Maure, 2019).
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As part of the pilot study, a content analysis was conducted of the graduate profiles of two of the
main higher education institutions offering teacher training in Panama, as well as the teacher
competencies established by MEDUCA in its guiding documents, with the objective of seeking
concordance between these competencies and the competencies that would later be developed with
the EDEM. The post- pilot editions of the EDEM have been designed and implemented taking into
account the strengths and limitations identified in the pilot project.

2.2. Objectives of the EDEM Diploma Course

The Diploma in Didactic Strategies for Teaching Mathematics is aimed at training preschool and
elementary school teachers, and its general objective is to provide a solid professional training, which
allows teaching mathematical content in a suitable way with an updated methodology, considering the
context in which the teacher works. This general objective is specified in the following specific
objectives:

1. To train the teacher according to the new trends in Mathematics Education on the teaching and
learning of mathematics.

2. To develop in the teacher the competences and knowledge necessary for the teaching of mathematics
in primary education.

3. To provide teachers with criteria for the design, implementation, evaluation, and improvement
ofdidactic sequences for the teaching and learning of mathematics.

2.2. Structure of the EDEM

To achieve its objectives, this diploma course, in its first two editions, was structured in four modules
- Module 1: Introduction to the didactics of primary education in Mathematics; Module 2: Educational
Mathematics and its Didactics I; Module 3: Mathematics and its Didactics II and Module 4: Intervention
and reflection on one’s own practice -, with a four-month duration in blended learning mode (170 virtual
hours and 34 classroom hours) and with the participation of international and Panamanian teachers with
training in mathematics and its didactics. Subsequently, two more editions have been held, so far, in
virtual format and with a fifth module - Module V: Communicative skills for the management of the
mathematics class and for collaborative work - (with a length of 320 hours).

To implement the diploma course, a virtual classroom was created on the interactive
technological platform Moodle (Virtual Academic Support Environment) developed by the Virtual
Campus of theUniversity of Panama, whose link is located on the University’s website. Participants
had permanentaccess to the virtual sessions throughout the course. The most frequent attendance was
at night, due totheir higher availability in this time slot.

2.2. Participants

As an example of the type of participants, below is the information about the participants in the
second edition of the EDEM Diploma. There were 150 primary school teachers from six educational
regions,namely: Coclé, Colon, Azuero, Veraguas, Central Panama, and West; of which 51% were
teachers graduated from the University of Panama, and 17% were normal teachers. Given that 5% of
the participating teachers did not have a bachelor’s degree, taking this diploma could be a way to help
them obtain it (see Figure 1).

It is important to point out that 13% of the participants (other careers), although they were
practicingteachers, did not have an academic pedagogical background (they had training related to the
education profile). This data is relevant since it shows that a not insignificant percentage of teachers have
not had specific training as teachers.
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3.1. About the Competencies Developed by EDEM

As part of the pilot study, a content analysis (thematic) of the graduate profiles of two of the main
higher education institutions that offer teacher training in Panama, and also of the teaching
competencies established by MEDUCA in its guiding documents, was conducted in order to seek
concordances between these competencies and the competencies that would later be developed with
the EDEM. Asprevious categories, the generic and specific competencies proposed in Font et al. (2012)
and in the CCDM model (Pino-Fan et al., 2022) were used.

As a result of this thematic analysis, the following cross-cutting and specific competencies (themes)
were obtained from the codes found in these documents (Tables 1 and 2):

Table 1. Thematic Matrix: Generic or cross-cutting competencies of the primary school teacher in

Panama.
. . Learning to Relations
Professional know- Comunicat Jearn/ hip with
Citizenship how. ion Organize . families
continuoustraining
Article  331- Participates in the life of their Verbal and Self-critical. Participate
Education schoolcommunity. Professional non-verbal Permanently s in the life
Organic Law pride. Teamwork skills. communica updat of its
No. 60 Y& Leadership.Develop nationaland tion skills. ed.Teamwork school
2004 . . . . communit
universal valuesin the student. Leadership. skills. Toknow y.
Noble character. and correspondto
the professional
and
intellectual area.
University of Considers cross-cutting themes Apply oral,
Panama oraxes and their relationship written
with and
values, giving importance to gestural
citizenship training and life in communica
democracy. Strengthens the tion
development of human efficiently.
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potential.  Critically ~ analyzes
educational policies for their
historical relationship in the
national, regional, Latin
American and international
spheres.

UNACHI Educates in citizenship
and
democracy. Educate in values
Source: own elaboration.

Table 2. Thematic Matrix: Specific competencies of the primary school teacher in Panama.
Mathematical Competency in didactic analysis Innovation and
Competency and research initiation

intervention
Article Mastery of the Mastery of methodological
331- content taught. techniques.Versatility in practice.
Education Knowledge of Know-how.
Organic and correspond Pedagogical skills.
Law No. to the
60 year, professional and
2004 .
intellectual area.
University Promotes the development of logical, Diagnose the
mathematical, reality
of Panama creative and critical thinking of students in  of the
single- educational
grade and multi-grade educational centers, environment  to
informal
and non-formal continuing education generate
systems. project
s
Considers the transversal themes or axes and with
their participato
ry
relationship with values, giving and
importance to innovativ
e
citizenship training and life in democracy. approaches.
Reinforces SWOT.
the development of human potential. Researches,
Master the share
s
theoretical-methodological foundations that ~ and applies the
support
an integral evaluation. Master the results to
theoretical
framework of the curricular approach in the systematically
didactics
of mathematics. Plans and guides the transform
teaching-
learning process. Plans the teaching-learning educational
process
according to educational needs. practices.
UNACHI Master the discipline’s knowledge

Source: own elaboration.
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These results allow us to conclude that a diploma course such as the EDEM, which has been
designedto ensure that participants develop the competencies described in Fon et al. (2012) and those
contemplated in the CCDM model, develops the generic and specific competencies of the graduate
profiles of two of the main institutions of higher education that offer teacher training in Panama, and
also the competencies of teachers established by MEDUCA in its guiding documents; in addition to
developing the competencies proposed by the UNDP.

3.1. Teachers Expectations

At the beginning of the course (module 1), the participants of the second edition of the EDEM
expressed their expectations about the course. These expectations showed a great interest in professional
improvement, motivation and the need for training in the didactics of mathematics. The teachers also
expected a contribution of effective strategies for teaching mathematics, with a strong affective
component, i.e., to make their students enjoy mathematics, the learning of information technologies and
the learning of innovative strategies. We identified teachers with great commitment and interest.

The teachers’ expectations are coherent with the entry profile of the EDEM diploma course,
which requires teachers who are willing to know and use in their didactic sequences the new trends
in Mathematics Education, contemplated in the proposal of fundamental learning rights.

3.1. Design of the Diploma Program

The diploma course was designed for blended learning that participants could follow through the
virtual campus of the University of Panama. The course was designed to have certain characteristics
of a MOOC (Massive Open Online Course) combined with face-to-face activity. At the beginning of
thecourse, each participant received a physical course folder and an account on the web platform to access
the virtual campus.

The use of this platform had an impact on the development of the participants’ digital
competence, which was also evidenced in their interaction through forums and internal mail (Garcia,
2023). Onthe other hand, the entry profile to the diploma course also demanded the mastery of the basic
computer tool that would allow participants to be trained with an educational and distance model in online
virtual environments. It should be noted that the teachers who did not have this digital competence
receivedspecific training beforehand, where they were explained the use of the virtual classroom.

One of the advantages of using the virtual platform is that it makes it possible to demonstrate the
usemade of it by participants in the EDEM. Figure 2, for example, shows some aspects of the use of
theplatform by educational region:

Classroom interactions by educational region

30000
25000
20000

15000
10000
5000

0

Coclé Azuero Panama Oeste Panama Centro Veraguas Colén
- 24 27 25 24 27 23
M Interactions 24619 27741 25563 27304 23427 18722
Coverage rate 89% 98% 84% 80% 84% 83%
Estimated platform usage time 02:30 03:00 03:10 03:15 02:45 02:35
m Number of e-mails sent 48 63 59 55 58 45
M Estimated starting time 13:30 17:35 19:25 10:32 11:00 14:20
M Estimated completion time 15:45 20:43 22:37 12:45 12:39 16:36

Figure 2. Frequency distribution of the use of the platform by Educational Region.

The face-to-face sessions were held at the centers for innovation, technological development
and entrepreneurship (CIDETE), at the end of each module the participating teachers attended class
wherethey developed work from a computer, in their own time and space (3 hours per day on average).

From a didactic perspective, the diploma course was designed to favor the competences
described insection 3.1, especially the development of the competence of didactic analysis and
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intervention, especially the development of the subcompetence of didactic suitability assessment,
based on the learning and use of the didactic suitability criteria (CID).

The following steps are followed for learning the CIDs: 1) in modules 1-3 some indicators and
components are worked on in isolation, 2) in the last final module (4) a narrative of a future teacher
about her observation of another teacher’s class is presented to them and they are asked, among other
questions, to propose an improvement in the implementation of the observed task. 3) It is explained
that this assignment asks them to improve the tasks and the question is posed: what criteria should be
taken into account to improve a sequence of tasks? 4) A video is shown where this question is reflected
upon and the CIDs are introduced for the first time, making them observe that some of them have been
taken into account when they have suggested how to improve the task. 5) It is explained that the notion of
didactic suitability is composed of six partial didactic suitability criteria, each, in turn, broken down into
components and indicators, whose function is to point out aspects to improve in the teacher’s practice
and that some of these components and indicators have already appeared in the previous modules.
For example, in section 1.1 of module one of the Diploma, we reflected on the importance of teaching
mathematics from real contexts and close to the student and we make them observe that thisreflection
suggests the component <<interests and needs>> and the indicators <<Selection of tasks ofinterest to
students>> and <<Proposition of situations that allow us to assess the usefulness of mathematics in
everyday and professional life>> of emotional appropriateness. 6) The complete list of criteria,
components and indicators are presented and some of them are related to reflections made inthe
previous modules. Finally, teachers have to design a sequence of tasks, implement them and assess using
the CIs (stages d and e of the training cycle of the secondary master’s degree).

3.1. Use of the Didactic Suitability Criteria Construct as a Guideline to Guide Practice.

In section 2.2 it was explained that the Didactic Suitability Criteria construct is made operational
through a guideline in which the six criteria are broken down into components and indicators (Breda
et al., 2017). Based on this guideline, an instrument was designed and validated (see Table 3 in Annex
1) to infer the criteria that the participants had in mind before studying the EDEM diploma course,
when they had not received training on the use of the criteria as a guideline to organize their
reflection, and after having studied it (since in the diploma course they were trained on the use of the
CIDs, especially in the last module that dealt with reflection on practice. In other words, this
instrument was applied right at the beginning and end of the diploma course; in particular, the
teachers were given an instrument with only the items in the third column of the questionnaire in
Table 3 of Annex 1. Each item is a statement that implies considering a criterion and each participant must
indicate the degree to which he/she agrees or disagrees with its content.

Table 3. Questionnaire to infer criteria used by teachers.
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Epistemic I use correct mathematical notation and language.
Suitability When I make a mathematical error (by mistake) I correct it quickly.
I am aware of the mistakes that my students make and I try not to validate theim.
Errors I try not to make mistakes in definifion. procedure, argumentation, representation

and problem posing in my class.

When I make a mathematical error in the classroom, usually, for various reasons, I
do not correct it

Students may be ambiguous with my explanations.

I teach more illustrative mathematics (using metaphors, analogies. gestures or

various didactic materials), but I also do not fail to incorporate the correct
mathematical definitions, representations, procedures, eftc.

AmDIgUItes "o} 10 teach in a meaningful way (using metaphors. analogies. gestures or diverse

didactic materials) and, therefore, I do not delve into definitions and correct or
appropriate mathematical language.

I use accurate and appropriate vocabulary in my written and oral developments.

Richness of Idevelop alternate ways of solving problems presented in class.

processes T do mathematical modeling in class.

The tasks I set in my classes are mechanistic and based on repetition.

The tasks I pose encourage experimentation, argumentation, conjecturing. etc.
I encourage the development of mathematical thinking through problem solving.

Representat  You know with little depth the contents you are going to teach.
iveness of
the

I work with different meanings of the same mathematical object and the connection
between them considering the educational stage being taught.
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complexity I work with a vanety of tasks that explore different meamngs representations,
of the languages, procedures. efc. relevant to the student

object of Werdang with one mathematical meaning of an object and the problems related to
that meaning not explonne other meanngs.

Ecological Adaptation [ decide what contents and how to approach them takmg mto account the curnealar
Swibility to  the muidelmes.
curicubin. e contents are m dissonance with those stated m the cumcuium.
You identify the skills that your sudents should develop i a2 topic or unit
Fully attends to all the standards, processes and concepts mdicated by the Cumicular
Framewark m relation to the topic taught.
Intra- and Conmnect the concepts of their specialty wath other disciplmes and therr appheations
mterdiseiph to reality, in an appropriate comtext for students.
nary Integrate the methodology with inmevative and teaching strateries in my classes,
comnertions  aligned to contents of other disciplines.
In the propesed tasks, it 15 not considered to relate mathematies with other subjects,
once mathematics 1s supenior to the others.
I present several examples in the elass thet allow the student to relate the subject in
a clear and direct way with their experience.
Socio- The msmetional technques used such as: cooperstrve leamme. problem solving,
ecrupational  collaborative tasks, among others. allow to see the degree oflabor insertion of the
usefulness  subject to the students.

Integrate the methodelogy with innovative and teaching stratesies in my classes,
aligped to the snvironment of my school.
Integrate other members of the conmmuuty in socio-ldbor 1ssues that help explam
the mathematical phenomena of everyday Life
You make vour students aware of the relationship of the subject vou teach to their
fuhure career cumoulum.
Dadactic  Youkeep a reflective journal about your teaching practice and use it 2s a tool for
mnovation  selfevaluation and self-mprovement.
I plan each school year using previcusly done task designs without modifyme them
Continuoushy uses new digitel resources of the area allowing the student to become
famaliar with the temumelogy of mathenmtics.
Attends vanous workshops and courses that instruet him on how to optinuze the
teaching-learming process to apply it later.
Cogmtive FPror With each new topic you check which concepts are necessanly relevant to develop
Swtability knowledge  the new class.
I explored students’ exasting kmowledge of a topic in order fo relate it fo & new fopic.
Pertorm enough teachmg and leanung activities to promote understanding of a
nmlii-session mathematical phenomenon.
Your students’ pnor knowledge 1s linatmg 1n addressing new knowledee.
Comeular  The plan mehades relevant tasks to meet leaming expectations and demonstrates an
adaptaion  effective strategy for providing feedback to students on those tasks.
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to Demonstrates sensitivity to the needs of all students with special attention to
individual  exceptional and special education students and encourages that sensitivity on the
differences  part of the whole group.

Promotes equitable participation of all students.

Uses multiple teaching strategies to address diverse leaming styles.

Learning Accommodates planming to bring all students to the desired level of understanding
of the concept or competence with the process.

Integrates topics with other areas of knowledge m her classes.

At the end of each class synthesizes the most important points that were reviewed.

I established mechanisms to ensure that the students' products and performances
comply with the development of the skills set forth by the curnculum.

Assignments challenge students to adapt what they have leamed and integrate
concepts to do the task.

High__ The examples. diagrams or graphs used allow the students to develop their
cognitive understanding of the concepts.
demand

Promote student creativity and ongmality in the teaching-learnmg process.

You encourage your students to develop 1deas and/or projects.

Affective  Interests The activities or assignments in the textbooks used are of interest to most of the
Suitability and needs  students.

I use information technologies such as the Intemnet. videoconferencing to interest
my students.

I take into account the student’s opinion in making decisions related to the subject.
I adapt to the needs of the students to develop the class.

Attitudes I encourage the perseverance of my students to solve a proposed task.

Your objectivity and fair treatment of students 1s always evident to them and
demands fair treatment among them in your class.
Students are responsible for the tasks assigned to them.

You consider that the environment you promote in class is adequate for students to
achieve learmng.

Emotions  You take advantage of opportunities to foster an appreciation for the beauty and
aesthetic value of the subject matter.

In my classes. I try to show the importance of mathematics through the difficulty
that this discipline presents.

Is dynamic in his‘her work as a teacher of mathematics, transmitting his/her
enthusiasm to the students.

Pupils are always accessible to myy classes.

Mediation Matenal Incorporates the use of manipulative materials in the classroom.
al  resources Encourage the use of additional resources in addition to those vsed in class.
Suitability

I construct matenials to introduce mathematical concepts.

I use adequate additional didactic matenals to help the student understand the
concepts of the class.
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Number of You adapt vour planning to the conditions of the classroom and the number of
students. students and the assigned timetable.

timetable  You adhere to the evaluation systems and crtenia specified in the program.

and : . : —
classroom You find space in your school outside of class time when you need quiet time to

conditions  Work on your own.

Organize the sequence of activities according to the course schedule.

Time Dunng vour implementation. eliuninate tasks due to lack of tume.

Dedicate the necessary time to solve the students' difficulties.
Any task that exceeds the stipulated time 1 a class will be redistributed.

Invest the tune i the less important contents of the subject.

Interactioc  Teacher- Shows confidence and assurance in managing interactions_ even when it 1s necessary

nal student to review or explore an unplanned topic. or deal with unexpected questions.

Suitability interaction At all times reacts professionally and takes advantage of questions. answers.
comments. and even unexpected behavior, to broaden students’ understanding of
the subject matter.

You do not ask them about your students’ academic problems.

You make appropriate and effective use of diverse questions that promote
classroom discussion to promote understanding of fundamental concepts and
PIOCESSES.

Interaction Take advantage of a relevant student participation to share it with the group and
between mnvolve others.

students Effectively use cooperative learming with my students.

Implements strategies that contribute to mmprove technological. wvestigative and
educational skills in mathematics among students.

Promote collaborative participation in some of your students' work

Autonomy  Design assignments in which students always play a passive role.

I try to teach students that good decision making depends on identifying the
elements of the problem. so that they are independent 1n selving a problem.

Respect the tum in interventions and listen to the speaker, be assertive at that
moment.

Encourages students to take some of the responsibility for the class.

Formative  Uses a vanety of evaluation techniques 1n a diagnostic manner to demonstrate the
Assessment achievement of objectives.

Does not perform formative activities to promote understanding of a mathematical
phenomenon in several sessions.

Evaluates learning at various times duning the course.

Corrects the students' formative work promptly by discussing it with them and tnes
to solve their difficulties.

The validation was first performed by three experts in the area of Mathematics Education, which
implied some changes with respect to the first questionnaire developed, in particular the
incorporation of some negative items to try to prevent the respondent from leaning towards a certain
option; then it was applied to a group of future teachers of the Faculty of Education of the University
of Panama, and finally, their responses were analyzed with SPSS 20 software and the reliability of
Cronbach’s Alpha was 0.935.

For each item, the teacher had to select a value on a likert scale from 0 to 4 that reported the
importance of taking the item’s criterion into account in the planning and design of his or her task
sequence. The SPSS program was used to calculate the means of the responses of all participants to
each item, then of each component and, finally, the mean of all the components associated with each
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criterion of didactic suitability, thus obtaining the blue hexagon in the first application of the
questionnaire and the orange hexagon in the second application.

From the comparative analysis of the criteria that teachers took into account before starting the
diploma course and those that they stated they considered at the end of the course (Figure 3), it can
be observed that before starting the diploma course, teachers implemented didactic units in which
the enhancement of motivation, the use of manipulative and technological resources and a
unidirectional interaction (blue hexagon) were considered very little. At the end of the diploma
course, their didactic units incorporated motivating tasks, in which manipulative and technological
resources were used and where interaction was no longer centered on the teacher but among the
students.

——fefore —e—After

Epistemic
3.00

Suitability Ecological

Interactional Cognitive

Mediational Affective

Figure 3. Representation of the criteria that guide the teacher’s practice before and after the diploma

course.

4. Conclusions

This article explains the design guidelines of the EDEM diploma program and some results of
its second implementation in a semi-virtual format. It should be noted that the design was based,
on the one hand, on a theoretical model on the knowledge and competencies of the mathematics
teacher and, on the other hand, on the competencies needed by primary school teachers in Panama
according to MEDDUCA and the universities that train teachers, in order to achieve the fit of both
perspectives. The conclusion is that the competencies that the training program analyzed seeks to
develop are consistent with the competencies currently needed by primary school teachers in
Panama. That is, it develops the generic and specific competencies of the graduate profiles of two of
the main institutions of higher education that offer teacher training in Panama, and also the
teacher competencies established by MEDUCA in its guiding documents; in addition to developing
the competencies proposed by the UNDP.

Among the main results, it is worth highlighting, first, the training program itself, that is, the
platform and the set of tasks designed, which can be used for the training of future promotions of
teachers (as has been the case). As a second important result, it is worth noting the change in the
criteria that guide the teacher’s practice at the end of the diploma course in relation to the criteria that
the teacher used at the beginning, in particular the greater relevance gained by the criteria related to
affective and emotional aspects and those related to interaction management. These results allow us
to conclude that the implementation of the EDEM diploma course has had an impact on the way the
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participating teachers teach their classes. Furthermore, in the last edition of this diploma course, it
has been possible to verify that this impact has been transferred to the learning results of the students.

In addition to the above, it is necessary to point out that the diploma course allowed the
participating primary school teacher to obtain a certification from the University of Panama and the
Ministry of Education (Aval 1097 and 038/PC/2018, respectively) for having received training that,
among other aspects, allowed them to incorporate new technologies in their teaching practice, as well
as having a vision on the teaching of mathematics that incorporates the new trends on the teaching
of this subject, which, in particular, allows the teacher a change on how to teach mathematics and
that, in the future, may allow him to teach it within the framework of interdisciplinary proposals
(STEM, etc. ).

Aknowledgements: Study developed within the framework of projects FIED21-002 (SENACYT - University of
Panama) and PID2021- 127104NB-I00 funded by MCIN/AEI/10.13039/501100011033/ and by “ERDF A way to do
Europe”.

References

Alfaro-Ponce, B., Patifio, A., & Sanabria-Z, J. (2023). Components of computational thinking in citizen science games
and its contribution to reasoning for complexity through digital game-based learning: A framework proposal.
Cogent Education, 10(1), 2191751. doi:10.1080/2331186X.2023.2191751

Ball, D. L., & Bass, H. (2009). With an eye on the mathematical horizont: Knowing mathematics forteaching to
learnes mathematical futures. Paper presented at the 43Rd Jahrestagung Fiir Didaktik Der Mathematik Held in
Oldenburg, Germany.

Ball, D.L., Thames, M.H., & Phelps, G. (2008). Content knowledge for teaching: What makes it special?

Journal of Teacher Education, 59 (5), 389-407.

Blomeke, S., Hsieh, F.-]., Kaiser, G., & Schmidt, W. H. (Eds.). (2014). International perspectives on teacher knowledge, beliefs and
opportunities to learn. TEDS-M results. Dordrecht: Springer.

Breda, A., Font, V., & Pino-Fan, L. R. (2018). Criterios valorativos y normativos en la Didactica de las Matematicas: el
caso del constructo idoneidad didactica. Bolema: boletim de educagio matemitica, 32, 255-278. Breda, A., Pino-Fan, L., & Font,
V. (2017). Meta didactic-mathematical knowledge of teachers: criteria for the reflections and assessment on teaching
practice. Eurasia Journal of Mathematics, Science & TechnologyEducation, 13(6), 1893-1918.

Carrillo-Yariez, J., Climent, N., Montes, M., Contreras, L. C., Flores-Medrano, E., Escudero-Avila, D., Vasco, D., Rojas, N.,
Flores, P., Aguilar-Gonzalez, A., Ribeiro, M. y Mufoz-Catalan, M. C. (2018). The mathematics teacher’s specialised
knowledge (MTSK) model. Research in Mathematics Education, 20(3), 236-253.

Font, V., Giménez, J., Zorrilla, J. F., Larios, V., Dehesa, N., Aubanell, A., Benseny, A. (2012).

Competencias del profesor y competencias del profesor de matematicas. Una propuesta. En V. Font, J. Giménez, V.
Larios y J. F. Zorrilla (Eds.), Competencias del profesor de matematicas de secundaria y bachillerato (61-70). Publicaciones de la
Universitat de Barcelona: Barcelona, Espanfia.

Font, V., Breda, A., & Sala, G. (2015). Competéncias profissionais na formagao inicial de professores deMatematica.
Praxis Educacional, 11(19), 17-34.

Garcia Marimon, O., Diez-Palomar, ]J., Morales Maure, L., & Duran Gonzéalez, R. E. (2021). Evaluacién de
secuencias de aprendizaje de matematicas usando la herramienta de los Criterios de Idoneidad Didactica.
Bolema: Boletim de Educacdo Matemadtica, 35, 1047-1072.

Marimén, O. E. G. (2023). Evaluando el grado de idoneidad didactico matematico en maestros: un estudio de
caso. Journal of Research in Mathematics Education, 12(1), 4-28.

Godino, J. D. (2013). Indicadores de la idoneidad didactica de procesos de ensefianza y aprendizaje delas matematicas.
Cuadernos de Investigacion y Formacién en Educacion Matemdtica, 11, 111-132.

Godino, J. D. Batanero, C., y Font, V. (2007). The onto-semiotic approach to research in mathematicseducation. ZDM.
The International Journal on Mathematics Education, 39 (1- 2), 127-135.

Godino, ]J. D., Batanero, C., y Font, V. (2019). The onto-semiotic approach: Implications for the prescriptive
character of didactics. For the Learning of Mathematics, 39(1), 37- 42.

Godino, J. D., Contreras, A. y Font, V. (2006). Analisis de procesos de instruccién basado en el enfoqueontoldgico-
semidtico de la cognicion matematica. Recherches en Didactiques des Mathematiques, 26 (1), 39-88. Godino, J. D.,
Giacomone, B., Batanero, C., & Font, V. (2017). Enfoque ontosemioético de losconocimientos y
competencias del profesor de matematicas. Bolerma, 31(57), 90-113


https://doi.org/10.20944/preprints202401.2138.v1

Preprints.org (Www.preprints.org) | NOT PEER-REVIEWED | Posted: 30 January 2024 doi:10.20944/preprints202401.2138.v1

18

Hill, H., Blunk, M., Charambous, Y., Lewis, J., Phelps, G., Sleep, L., & Ball, D. (2008). Mathematical Knowledge for
Teaching and the Mathematical Quality of Instruction. An Exploratory Study. Cognition and Instruction, 26(4),
430-511.

Llinares, S. (2003). Fracciones, decimales y razén desde la relacién parte-todo al razonamientoproporcional
en Diddctica de las Matematicas para primaria. En M. C. Chamorro, J. M. Belmonte, F.Vecino, L. Ruiz y S.
Llinares (Eds.), Diddctica de las Matemdticas. Madrid, Espafia: Pearson Prentice Hall.

Morales-Maure (2019). Competencia de Andlisis e Intervencién Didictica del Docente de Primaria en Panamd. Tesisdoctoral no publicada,
Universitat de Barcelona.

Maure, L. M., Font, V., Gonzalez, R. D., & Vasquez, E. G. (2021). Training math teachers in Panama: mixed
research. Turkish Journal of Computer and Mathematics Education (TURCOMAT), 12(3), 5788-5802.

Oyarce, R. R., Mufoz, C. R. H,, Valderrama, N. L. M., & Valqui, P. C. (2020). Desarrollo de competencias
personales y sociales para la insercion laboral de egresados universitarios. Revista de ciencias sociales, 26(2),
250-258.

Pimenta, R. (2006) Assessing statistical reasoning through project work. Paper to be presented at theSeventh International
Conference on Teaching Statistics. Salvador de Bahia, Brazil.

Pinheiro, A. y Gusmao, TC (2020). El conocimiento comtn, especializado y ampliado del profesor para la ensefianza de
las medidas de longitud. Revista Sergipana de Matemdtica y Educacién Matemdtica, 5 (2), 286-306. Pino-Fan, L. R., Castro, W.
F., & Moll, V. F. (2022). A Macro Tool to Characterize and Develop KeyCompetencies for the Mathematics
Teacher'Practice. International Journal of Science and MathematicsEducation, 1-26.

Pino-Fan, L. R., Castro, W. F., Godino, ]J. D., & Font, V. (2013). Idoneidad epistémica del significadode la derivada
en el curriculo de bachillerato. Paradigma, 34(2), 129-150.

Pino-Fan, L., Assis, A., & Castro, W. F. (2015). Towards a methodology for the characterization ofteachers’ didactic-
mathematical knowledge. Eurasia Journal of Mathematics, Science & Technology Education,11(6), 1429-1456.

Pino-Fan, L., Godino, J. D. y Font, V. (2018). Assessing key epistemic features of didactic-mathematicalknowledge of
prospective teachers: the case of the derivative. Journal of Mathematics Teacher Education, 21(1), 63-94.

Pinto, J. (2009). Conocimiento didactico del contenido sobre la representacion de datos estadisticos:estudio de
casos con profesores de Estadistica en carreras de Psicologia y Educacion. Tesis doctoral.Universidad de
Salamanca, Espafia.

Programa de las Naciones Unidas para el Desarrollo. (2017). Compromiso Nacional por la Educacién. EditoraNovo Art, S.A.

Rosas, L. (2000). La formacién de maestros, un problema planteado. Sinéctica, Revista Electronica deEducacion, (17),
3-13.

Rowland, T., Huckstep, P., & Thwaites, A. (2005). Elementary teachers” mathematics subject knowledge:

The knowledge quartet and the case of Naomi. Journal of Mathematics Teacher Education 8(3), 255-281. Rozada, J. M. (2007).
(Son posibles los puentes entre la teorfa y la practica por todo el mundodemandados, sin pilares
intermedios? En Romero J. & Luis A. (Coord.), La formacién del profesorado a laluz de una profesionalidad democrdtica (pp.
47-53). Santander: Consejeria de Educacion.

Schoenfeld, A., & Kilpatrick, J. (2008). Towards a theory of proficiency in teaching mathematics. En D.Tirosh, & T. L.
Wood (Eds.), Tools and Processes in Mathematics Teacher Education (pp. 321-354). Rotterdam: Ed. SensePublisher.

Schon, D.A. (1983). The reflective practitioner: How professionals think in action. New York: Basic Books. Shulman, L. S. (1987).
Knowledge and teaching: Foundations of new reform. Harvard Educational Review,57(1), 1-22.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202401.2138.v1

