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Abstract

Internationally, mathematical modelling has been gaining an
important space in educational curricula, this is why the teaching
of this process has been included in educational programmes for
mathematics teachers. Due to this importance, in this study, an
educational experience on modelling for practising secondary
education mathematics teachers from the Panamanian school
system is reported, whose objective is to analyse the solving
procedures of these teachers to modelling problems and classify
these solving procedures. The context is the Diploma Course in
Mathematics Education Applied to Secondary Education, taught
by the University of Panama, which included a submodule on
modelling. The “modelling cycle from a cognitive perspective’,
which was taught in the submodule, was used to analyse the
solving procedures for three problems posed to the participating
teachers, through the written productions that they uploaded to
the virtual platform of the diploma course. Four solving proce-
dures could be identified in the 40 productions analysed, which
varied from not totally understanding the wording of the prob-
lems to developing a whole modelling cycle. With these results, it
is intended to provide a first overview of the teaching and learning
of modelling in the Panamanian context and to lay the founda-
tions for possible curricular adaptations to mathematics teaching.

Keywords: diploma, teacher education, mathematical modelling,
Panama, mathematics teachers, practising teachers.

Resumen

A nivel internacional, la modelizacién matematica ha ido ganan-
do un espacio importante en los curriculos educativos, razén
por la cual la ensefianza de este proceso ha sido incluida en los
programas de formacién de profesores de matematica. Dada
esta importancia, este estudio reporta una experiencia educativa
sobre modelizacion para profesores de matematica de educacion
secundaria en servicio del sistema escolar panameno, cuyo
objetivo es analizar los procedimientos de resolucién de estos
profesores a problemas de modelizacién y clasificar dichas reso-
luciones. El contexto es el Diplomado en Educacion Matematica
Aplicada a Secundaria, impartido por la Universidad de Panama,
el cual incluyé un submodulo sobre modelizacion. El “ciclo de
modelizaciéon desde una perspectiva cognitiva” que se impartio
en el submddulo, se utilizd para analizar los procedimientos
de resolucién a tres problemas planteados a los profesores
participantes, mediante las producciones escritas que cargaron
a la plataforma virtual del diplomado. Se pudieron identificar
cuatro procedimientos de resolucion en las 40 producciones
analizadas, que fluctuaban desde no comprender totalmente el
enunciado de los problemas hasta desarrollar un ciclo completo
de modelizaciéon. Con estos resultados, se pretende aportar una
primera vision general sobre la ensefianza y el aprendizaje de
la modelizacion en el contexto panamefio, y sentar las bases
para posibles adaptaciones curriculares a la enseflanza de la
matematica.

Palabras clave: diplomado, formacién de profesores, mod-
elizacién matematica, Panama, profesores de matemdtica, profe-
sores en servicio.
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1. Introduction and state-of-the-art

One of the competencies that allows individu-
als to be able to link their mathematical knowledge to
the needs and demands of the 21st century is mathe-
matical modeling (Maass et al., 2022). In this sense,
it is required to prepare teachers with the right com-
petencies for modeling and, thus, educate students
in skills to develop this process (Blum & Borromeo
Ferri, 2009). While there is a discussion in the liter-
ature on how to define competence in modeling (see
Kaiser & Brand, 2015), on the one hand, this process
is considered as one of the axes for problem solving in
the international evaluation PISA (Organization for
Economic Cooperation and Development, 2019) and,
on the other hand, there is a consensus that working
with modeling brings a number of benefits for mathe-
matical learning (Blum, 2011).

Given this growing interest in modeling at
the international level, this study aims to provide
a first overview of a pioneering educational expe-
rience on modeling for mathematics teachers at
the Panamanian school system. This continuing
education program, developed in 2022, recognizes
the importance of integrating modeling as a funda-
mental part of teaching mathematics in Panama. It
is necessary that teachers include, among other rel-
evant processes of mathematical activity, modeling
in their classes, for which this program decided to
incorporate their teaching to active teachers.

1.1 Mathematical modeling

Mathematical modeling briefly describes the
translation of a real problem into mathematics and
its results back to reality (Pollak, 2007). In the spe-
cialized literature, different cycles have been pro-
posed to analyze the modeling process (Borromeo
Ferri, 2006) and different perspectives have emerged
on its implementation (Preciado et al., 2023). This
study uses the “modeling cycle from a cognitive per-
spective” (see figure 1), proposed by Borromeo Ferri
(2018), which is framed in the realistic perspective of
working with modeling (Abassian et al., 2020).

The choice of this cycle for this research is
justified by (a) the authors’ previous experience in

theoretical works (see Ledezma et al., 2023) and (b)
its use is part of the educational experience reported
in this article. To explain the operation of the cycle
of Figure 1, the Problem Sugar Loaf, which was pre-
sented during this educational experience, is used as
an example.

Sugarloaf: The Sugarloaf Cable Car takes approx-
imately three minutes to travel from the station
in the valley to the foot of Sugarloaf Mountain in
Rio de Janeiro. It moves at a speed of 30 km/h and
covers a height difference of approximately 180
meters. The chief engineer, Giuseppe Pelligrini,
preferred to walk better, as he did in the past, when
he was a mountaineer. First, he ran from the valley
station across the vast plain to the mountain, and
then climbed it in 12 minutes. What is the distance,
roughly, that Giuseppe had to run from the valley
station to the foot of the mountain? (adapted from
Blum & Leif3, 2007, p. 224)

The real situation is given by the statement of
the Problem Sugarloaf, in the form of a text with an
image. Through their understanding, there can be a
mental representation of the situation which involves,
for example, establishing relationships with holidays
and tourist sites (extra-mathematical knowledge), in
order to understand what the problem requests (the
distance between the valley station and the foot of
the mountain). This mental representation must be
simplified and structured in order to obtain a real
model that represents the real situation posed; in
this case you can simplify the mountain and cable
as segments, and the cable car as a point, and then
structure these simplifications in a drawing. The
mathematical model takes into account the mathe-
matical objects that allow explaining the real situa-
tion posed; in this case, the Pythagorean theorem can
be applied. From the work with this mathematical
model are obtained mathematical results, which must
be interpreted in the context of the real situation to
obtain real results; in this case, approximately 1.49
kilometers are obtained. But does this answer make
sense in the context of the Sugarloaf Problem? One
way to validate these real results would be by using
a mapping application to measure distances at the
actual location of Sugarloaf in Brazil.

© Universidad Politécnica Salesiana, Ecuador




Carlos Ledezma, Dra. Luisa Morales-Maure & Dr. Viceng Font

Figure 1. Modeling cycle from a cognitive perspective
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Note. Adapted from Borromeo Ferri (2018, p. 15).

The modeling process should not be under- 1.2 Mathematical modeling in teacher

stood in linear terms, b.ut as. a cycle, because both education
the context of the real situation and the mathemat-
ical aSPeCtS inVOlVed in its resolution can affect the Given the relevance of thlS process’ Several

mathematical model and the mathematical work studies have addressed the teaching of modeling for
with it (Blomhgj, 2004; Borromeo Ferri, 2007). The  teachers, both in training and active.

work with classroom modeling is usually carried out One line has focused on the knowledge and
in small groups of students, who are asked a situa-  competencies of mathematics teachers. In the Austrian
tion-problem that must be mathematized (Doerr &  context, Kuntze et al. (2013) study teachers self-per-
English, 2003; Shahbari & Tabach, 2019). This prob-  ceptions about their pedagogical content knowledge
lem-situation, known as modeling problem, must (PCK [Shulman, 1986]) related to modeling, consider-
meet certain characteristics (Borromeo Ferri, 2018):  ing both the PCK needed to help their students during
it must be open and complex, whose resolution is  the modeling process in the classroom, and what they
not limited to a specific answer or procedure, and  think about their own professional development at
where students must search for the relevant data; it the university level. By applying a questionnaire to
must also be realistic and authentic, adding elements 38 teachers in training and 48 teachers in service, the
taken from the real world and presenting a situation  results showed a need for professional development
consistent with an event that has occurred or that  that not only covers the PCK on modeling, but also
can occur in reality (in Palm terms, 2007); finally, it the teaching of strategies for the pedagogical self-effi-
must be a problem (in Schoenfeld terms, 1994) that  cacy of teachers when implementing this process, for
is resolvable through of a modeling cycle, which example, using technological tools. Likewise, in the
implies the development of all the phases that make  German context, Greefrath et al. (2022) study the fac-
up this cycle. Along with the above, modeling prob-  ets of professional competences for teaching modeling
lems tend to have different paths to obtain a plausible  (see Blum, 2015), specifically those related to knowl-
and coherent solution in the context of the actual edge about modeling tasks and classroom interven-
situation posed (English, 2003; Lesh & Doerr, 2003).  tions. These authors report the results of a 12-session
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seminar taught to three groups of future professors (students aged 4-15 years) and Middle Education
from different German universities, in which the (students aged 15-18 years). In this context, the
improvement of the PCK on modeling of the partici- University of Panama, in collaboration with other
pating subjects was evidenced. In the Spanish context, foreign universities, implemented two diplomas for
Ledezma et al. (2022) study the knowledge and beliefs active professors of both educational levels during
about modeling of a future teacher from the analy- 2022: “Didactic Strategies for Teaching Mathematics”
sis of the argumentation. In this study, the authors (EDEM Diploma) for Basic General Education,
infer these knowledge and beliefs using the model of and “Mathematics Applied to Secondary Education”
Knowledge and Didactic-Mathematics Competencies (EMAS Diploma) for Secondary Education. The
of the Professor of Mathematics (Godino et al,, 2017), objective of both graduates was to expand the peda-
which they apply to the reflection made by the future gogical skills of mathematics teachers. This research
teacher in his final work of master (see other studies focused on the EMAS Diploma, where one of the
in this line in Batista et al., 2022). topics addressed was mathematical modeling.

In the Singaporean context, Ng (2013) tackles
the problem of the scarce efforts to incorporate mod- 1.3 Objective and research question
eling tasks in schools, even though the national curric-
ulum introduced this process in mathematics teaching The approach of the research question on the
in 2003. To this end, we compare the results of the results of this pioneering educational experience
implementation of two modeling courses for primary ~developed in the Panamanian context is the follow-
school teachers with no previous experience with this ing: What are the procedures for solving modeling
process: one with 48 teachers in service (from a pre- problems by active mathematics teachers participat-
vious study [Ng, 2010]) and another with 57 teachers ing in the EMAS Diploma? To answer this question,
in training (the current study [Ng, 2013]). In both the modeling cycle represented in Figure 1 was used
courses, teachers had to solve the task Youth Olympic to analyze the resolution procedures to three prob-
Games (adapted from English, 2013). The results show lems posed to teachers during a sub-module of this
the similarities and differences between both groups ~diploma. These resolutions were classified according
of teachers when solving the proposed task, suggest- to the phases and transitions identified in their writ-
ing a working method for the Singaporean context, ten productions. Finally, we reflect on these results
that includes teachers in training and in service when —and their possible implications for future implemen-
addressing the teaching of modeling. tations of this diploma in the Panamanian context.

In the American context, Manouchehri (2017) The relevance of this study lies in two areas.
reports on efforts to assist a group of active math- On the one hand, it addresses a topic that has not
ematics teachers to develop knowledge on model- been explored enough in the Panamanian con-
ing and its implementation in the school curricu- text, such as the education of active mathematics
lum. The implementation context was a 25-hour teachers on modeling. Although there are different
professional development course, where 85 teach- investigations on education of mathematics teach-
ers worked on modeling tasks and discussed their ers in Panama, mainly based on the experience of
implementation. This study reports the results of 25 the EDEM Diploma (see Garcfa-Marimén et al.,
teachers who participated in the course, where it was ~ 2021; Morales et al., 2019), these focus on the devel-
evident a growth in their knowledge about modeling opment of teacher reflection using the construct
from the mathematical challenges (construction and ~ Criteria of Didactic Suitability (Breda & Lima, 2016).
work with the mathematical model), pedagogical Although the national curriculum documents of
(strategies to develop this process in the classroom), Panama do not include a systematic work with mod-

and epistemological (obstacles during the modeling eling for the teaching of mathematics (see Ministry
process) that they had to face. of Education of Panama, 2014a, 2014b, 2014c), the

In the case of this study, we report a pioneer- EMAS Diploma does include this process as a rele-
ing educational experience with active mathemat- vant subject to teach, since current trends that pro-
ics teachers in Panama. Panamas school system is mote the inclusion of modeling in the processes of
formed by the levels of Basic General Education teaching and learning mathematics are assumed. On

60 © Universidad Politécnica Salesiana, Ecuador
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the other hand, the University of Panama, respon-
sible for teaching these diplomas, is considered as
a reference in teaching and research at the Central
American level (Garcia-Marimén, 2023; Morales-
Maure, 2019). Therefore, this educational experience
can be replicated in other countries of the region due
to the existing sociocultural similarities.

2. Methodology

For this study, a qualitative research method-
ology was followed from an interpretative paradigm
(Cohen et al.,, 2018). This section describes the
methodological aspects.

2.1 Context of the investigation

This research was developed in the context
of the EMAS Diploma, taught by the University
of Panama during the period May-October 2022,
with a total duration of 320 hours. The objective
of this diploma is to contribute to the continuous
professional development of mathematics teach-
ers in Panamanian secondary education, which
includes the design, implementation, evaluation, and
improvement of mathematical teaching and learning
processes, with theoretical support in the construct
Didactic Suitability Criteria. In the 2022 EMAS
Diploma course, 113 teachers from different areas of
the country participated, who were grouped in the
four virtual rooms of the online platform designed
by the University of Panama by a teacher train-
er. This program consisted of six modules taught
in hybrid mode: (a) Introduction to Mathematics
Education; (b, ¢, d) Didactics of Mathematics I, II,
and III; (e) Social, family, and educational contexts;
and (f) Reflection on the own practice. At the end
of this program, the participating teachers received
a certificate of completion of the course. The EDEM
and EMAS Diplomas are pioneering educational
experiences in the Panamanian context, which are

Alteridad, 2024, 19(1), 57-68

not only supported by a government research project
awarded by the University of Panama, but also by
academics from foreign universities (especially from
Spain and Hispanic America).

2.2 Sub-module on mathematical
modeling and a priori analysis of
modeling problems

Within the module “Introduction to
Mathematical Education” is the submodule
“Mathematical modeling” Due to the hybrid modal-
ity of the diploma, the participating professors could
access a general explanation on the virtual platform
about what modeling is and four problems of this
type that they had to solve. The follow-up of this
remote work was developed by the teacher trainer
in charge of each virtual room. Along with this
explanation, a lecture was given at the beginning of
this sub-module to the participating teachers and
trainers of the diploma, where the explanation on
modeling available on the platform was expanded.
In this lecture (which lasted 90 minutes), the speaker
(the first author) began by explaining what is meant
by mathematical modeling, what characterizes these
types of problems, what strategies of working with
this process are suggested to be followed in the class-
room, and how the resolution of a modeling problem
(the Sugar Loaf Problem in subsection 1.1) can be
analyzed using the cycle of Figure 1. These problems
are presented in Table 1, together with the a priori
analysis of each one, in terms of the modeling cycle
considered as the theoretical benchmark of the study.

While these modeling problems were dis-
cussed during the conference, the participating
teachers had to solve them autonomously and upload
their resolutions and responses to the virtual plat-
form designed for the EMAS Diploma. Subsequently,
the teacher-trainer in each virtual room provided
feedback on the resolutions for the three problems.
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Table 1. Modeling issues raised during the EMAS Diploma

Statements of problems

Hay bales problem:

To the end of summer, you can see moun-
tains of hay bales in the countryside like
the ones in the picture. The bales are arran-
ged so that five are placed at the base, four
in the next row, then three, two, and finally
a ball of hay on the cusp. Try to find the
height of the hay-bale mountain.

(Adapted from Borromeo Ferri, 2018, p, 14)

Meanders Problem:

In the Yamal Peninsula, northwest of Si-
beria, a series of active and abandoned
meanders can be seen from the air in big
rivers. The most recent sediments depo-
sited in the convex parts of the mean-
ders are shown in class color. What is
the approximate length of the river with
sediment?

(Authors’ Archives)

Boston Light Problem:

In Massachusetts Bay there is a ligh-
thouse called Boston Light, which was
built in 1716 at a height of 31 meters.
Their beacon was intended to warn
ships approaching the coast. How far,
approximately, was a ship when it first
saw the light of the lighthouse?
(Adapted from Borromeo Ferri, 2018, p.
106)

A priori analysis

A mental representation of the situation
involves, for example, establishing re-
lationships with the field and hay bales
(extra-mathematical knowledge), in order
to understand what the problem requires
(the height of the hay bales mountain). To
build a real model, you can simplify the
hay bales as circumferences of 1.5 meters
in diameter and the woman as a segment
of 1.7 meters straight (both by estimate),
and then structure these simplifications
in a drawing. In this case it is possible to
apply the addition of hay bale heights as a
mathematical model, which would give the
real result a mountain of 6.75 meters high.

A mental representation of the situation
involves evoking images of rivers and
their sinuous behavior (extra-mathema-
tical knowledge), in order to understand
what the problem requires (the approxi-
mate length of the river with sediments).
To build a real model, meanders can be
simplified as semi-circumferences on a
straight segment that crosses the river
image with sediments, estimating a linear
length of 30 kilometers (from the observa-
tion of maps), and then structuring these
simplifications in a drawing. In this case,
the addition of semi-circumference peri-
meters can be applied as a mathematical
model, which would give as real result
an approximate length of the river of 47
kilometers.

A mental representation of the situa-
tion involves, for example, establishing
relationships with the coast, the ligh-
thouses, the ships, and the horizon (ex-
tra-mathematical knowledge), in order
to understand what the problem requi-
res (the distance from where a ship first
saw the light of the lighthouse). To build
a real model, you can simplify the Earth
as a radius circumference 6,371 kilo-
meters, the lighthouse as a 31-meter
segment of line, and the ship as a point,
and then structure these simplifications
into a drawing. In this case the Pytha-
gorean theorem can be applied as a
mathematical model, which would give
as a real result an approximate distance
of vision of 20 kilometers.

2.3 Collection and post-hoc analysis of
modeling problems

Since the second and third authors of this arti-
cle are academics involved in the design and coordi-
nation of the implementation of the EMAS Diploma,
they had full access to the virtual platform where the
participating professors uploaded their resolutions
and answers to the three applied modeling problems
(instruments). To this end, the participating teachers
were asked to record, in the most orderly and explicit
way possible, all their resolution procedures and not
only their responses to these problems (data). In this
way, the participating teachers could upload their
written productions to the EMAS Diploma virtual
platform in the form of scanned documents or pre-
pared with a text processor.

Once the written productions were collected,
they were labeled according to the group to which
they belonged (G1 to G4) with a number for each
one (P01 to P29). For example, production G2.P07

corresponds to number 7 in group 2. Out of these
collected productions, two considerations must be
taken into account: (a) of the 113 participating
teachers, 40 of them uploaded their written produc-
tions to the virtual platform; (b) of these 40 partic-
ipating teachers, not all solved the three modeling
problems posed. Therefore, the ex post analysis of the
resolution procedures of the participating teachers
was carried out from the 40 productions collected
and consisted of: first, identifying the phases of the
modeling process in the resolution procedures to
each of the three problems raised, from the a priori
analyzes of Table 1; second, classifying these produc-
tions into four categories that could be established
from the resolution procedures identified, based
on the phases of the cycle of Figure 1, which are
described and exemplified in the following section.
Thus, it is possible to have a first general look at the
results of this pioneering educational experience in
the Panamanian context.

© Universidad Politécnica Salesiana, Ecuador
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3. Results

This section presents the results of the study
according to the four resolution procedures identi-
fied in the productions of the participating teachers.

3.1 Resolution procedure 1 (PR1)

The first resolution procedure identified cor-
responds to those productions where the participat-
ing teachers did not show a complete understanding
of the problem statement and/or only provided a
description of how it could be solved. The following
examples of PR1 are given:

d = Diameter of the plate. The height of hay piles
would be A = 5d. (Hay Bales Problem; G1.P22
Production)

The distance between two points d = Square
root of the first point squared plus the square

of the second [sic] is calculated with a formula.
(Meanders Problem; G3.P23)

The ship must be at a distance from the base of
the headlamp equal to the height of the headlamp
for the first time, so that the line of sight of the
observer, when viewing the headlamp, is at a hori-
zontal angle of 45°, taking into account the curva-
ture of the planet. (Boston Light Problem; G2.P09
Production)

3.2 Resolution procedure 2 (PR2)

The second resolution procedure identified
corresponds to those productions where the par-
ticipating teachers developed the phases real model
> mathematical model. In these productions, it was
considered sufficient to formulate a mathematical
model to solve the problem, without even working
mathematically with it; in other words, the problem
was mathematized to give an answer. The following
example of PR2 for the Meanders Problem is present-
ed in Figure 2:

Figure 2. Production G4.P01 of Meandros Problem (PR2)

The yellow curved line represents the
actual length of the meanders

The red straight line represents the
linear length of the meanders

The length of a meander is m;=mr;

Whose formula would be L = ¥, 1,

Note. Authors’ archives.

Alteridad, 2024, 19(1), 57-68
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3.3 Resolution procedure 3 (PR3)

The third resolution procedure identified cor-
responds to those productions where the partici-
pating teachers developed the phases real model >
mathematical model > mathematical results. In these
two productions, it was considered sufficient to
obtain mathematical results from the mathematical

model to solve the problems, without interpreting
them as real results and, much less, validate them in
the context of the proposed real situation; in other
words, the problem was worked mathematically to
give an answer. The following example of PR3 for the
Boston Light Problem is in Figure 3:

Figure 3. G1.P25 Production of the Boston Light Problem (PR3)

B@.

C
p Then: we work on the triangle to cal-
' culate the angle formed between the
) tower and the ship, and then calculate
S 3m
. the arc length
R
R
A Earth radius = 6 356 km
For segment AB we use the radius of the earth and for seg- cosd =£
ment AC we write the total sum of the radius of the earth and AC
B £ the height of the tower, thus adding 6 356 031 meters 0= _1(13 356 000
G 356 031
5 Now we proceed to use the cosine function to calculate the 6 =010
= & draft angl
=1 raft angle. -
2 0=? & 9 o 8 = 0,1666
¥ H,ﬂ";”b Then: 360
_2n(6356000m)
& - 360® '
L= 18476,00m

Approximately = 18, 46 km

Note. Authors’ Archives.

3.4 Resolution procedure 4 (PR4)

The fourth resolution procedure identified
corresponds to those productions where the par-
ticipating teachers developed a complete modeling
cycle. In these productions a real model of the

real situation was built, a mathematical model was
worked with, and the mathematical results were
interpreted as real results in the context of the actual
situation from the extra-mathematical consider-
ations made by the resolver. The following example
of PR4 for the Hay Bale Problem is given in Figure 4:

© Universidad Politécnica Salesiana, Ecuador
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Figure 4. Production G1.P20 of the Hay Bales Problem (PR4)

a‘[—s;,turrma. qlﬁ {a. 5:'-{:1:1:}0;]
_ i
fﬂﬂSr'c'rfrc?:?uf-" m i
T JfJ:.-urcl.J rrjd‘rﬂ’ _ ‘)'5Urﬂ 4 ]J&,@m
lysom | .
C N | @ o thrae he r - II’/’:T}. 3
PR ! hed @ uppe €0 oS
;'H"";"}- [ -
= j_ - - !h_"::" ﬂ'{-'urﬁu f.\ff 1& ?‘ﬂ&ﬁlﬁﬁ_ﬁ"{h)
GA A | li-125 Y (ecm) 4200 125m)zh
CY YOO I, B N A
LA "H{rlm - — 15 .l}f_e;,.';ﬁ 4 '/:,r”/"":
(o L) N G 7o 1
P !\,:‘TTJ -_.—.:'_.-' ._:._.-..—.. ————— e i I - ":"J ,r"_,- Jr
M \"-—""L—----"—K-._.—L = /.. I n_..;_._r'j
Lstmavvn da Gl lasos.
Note. Authors’ archives.
3.5 Synthesis of results procedures (PRI to PR4) that they used for each of

the three modeling problems raised during the rele-
Table 2 shows the number of productions by vant sub-module.
the participating teachers according to the resolution

Table 2. Synthesis of results

Problems PR1 PR2 PR3 PR4
Hay Bales 19 5 9 4
Meanders 9 21 5 0
The Light of Boston 5 9 6 1

interpreted as an attempt to mathematize reality
instead of developing a complete modeling cycle. As

The results of Table 2 show that most of the mentioned at the beginning, working with modeling
resolution procedures that could be evidenced in for mathematics teaching is not part of the national
the productions of the participating teachers were ~curriculum documents of Panama; therefore, it is
PR1 and PR2. Regarding these results, a plausible likely that these teachers have not had a very broad
conclusion that may explain this situation would knowledge about the resolution strategies for this
be that, for the case of PR1, the participating teach- type of problems, or experiences of implementing
ers did not receive modeling training beyond that ~modeling in their educational practice.
given in this diploma and, for the case of PR2, the The results of Table 2 also show that there
modeling knowledge they may have had could be Wwere teachers who evidenced PR3, which is consis-
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tent with part of the results reported by Ledezma et
al. (2023), in which future teachers of mathemat-
ics of secondary education were not interested in
returning to the “real world” to interpret or validate
the results obtained from the mathematical model
used, focusing their attention on the sub-compe-
tences of mathematization and mathematical work
with the proposed problems. In addition, there were
five productions of the participating teachers that
showed the development of a complete modeling
cycle (PR4), however, they are not a representative
result of the total of collected productions.

These results provide a first overview of the
teaching and learning of modeling in the EMAS
Diploma and for the authors, as professors involved
in this context, allow them to question: What should
be improved/modified in the modeling sub-mod-
ule for future implementations? Based on previous
research on this type of educational experiences (see
Borromeo Ferri, 2018; Wess et al., 2021) and the
results reported here, it can be concluded that:

« First, the time spent on the modeling sub-mo-
dule is not enough for teachers to acquire
modeling competencies themselves and also
to think about how they could teach/imple-
ment this process in their educational prac-
tice. Given this situation, a reformulation is
proposed that includes a minimum of ten
sessions (similar to Greefrath et al., 2022) to
address the teaching of modeling.

o Second, the above conclusion leads to refor-
mulate the didactic aspects of the sub-module,
starting from the knowledge and previous
competencies of teachers on modeling, divi-
ding this process into sets of phases that form
the cycle, and then raising tasks that work
specific transitions (or sub-competencies of
modeling) (see Maaf3, 2010).

o Third, as the final stage of the sub-module, it
would be interesting for teachers to design a
modeling class, including solving and creating
their own problems, that promotes reflection
on the practice itself after its implementation
(see Ledezma et al., 2022).

Modeling is considered a process that enriches
the quality of teaching and learning mathematics,
as evidenced in the educational experience of the
EMAS Diploma. However, this experience could
have an even greater impact if curricular adjustments
are implemented in Panama, which should include,
among other aspects, the integration of modeling
and give it a significant weight in the teaching and
learning of mathematics in this country. Finally, it
is emphasized that this study is seminal in a line of
research on modeling in the Panamanian context for
greater professional development of teachers.
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