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ARTICLE INFO ABSTRACT
Received: 20 May 2024 As a contribution to the discussion of how to improve the initial teacher training in mathematics of elementary
Accepted: 03 Aug. 2024 teachers, this work presents a descriptive and comparative study of the courses devoted to mathematics and

mathematics education in the education degrees of Greek, Romanian, and Spanish universities. Considering the
constrains of each national law and within the Mathematics Teacher’s Specialized Knowledge model framework,
we analyze the official descriptions of such courses to organize them by their content, to describe their distribution
along each degree, and to study the optional and specialization courses in mathematics offered by each university.
Data are compared among countries, and across programs within each country, with the aim of including similar
studies from other states. Moreover, they are confronted with the National Council on Teacher Quality standards
for the mathematics preparation of elementary teachers, showing that, in general lines, GRS data seem not to be
in tune with such standards.
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INTRODUCTION

Teachers need to deeply understand the topics they teach (Ma, 1999). This deep understanding is a path from the knowledge
of facts to the recognition of why they are valid, under which circumstances, and how they can be weakened or denied (Shulman,
1986). This is particularly important in mathematics. Elementary mathematics teachers must handle expertly routines, but also
go beyond procedures (Ball et al., 2008). They have to solve and pose meaningful questions using such routines, and they also
have to recognize the underlying mathematical structures. In addition, teachers should be capable of producing and explaining
basic logical arguments, of writing them in a preliminary mathematical language, of being aware of the obstacles and difficulties
that can appear in the process, and of appreciating the beauty of mathematics.

In fact, the word mathematics comes from the Ancient Greek padnuatikog (“on the matter of that which is learned”). The
etymology is uncovering that there are unique needs for the courses designed to form people responsible to teach mathematics.
Contents to be taught to a future teacher and the way in which they are presented must be carefully chosen to enlighten the task
of a teacher, not only showing a particular content-Mathematical Knowledge (MK)-but also the knowledge necessary to teach it-
Pedagogical Content Knowledge (PCK)-with a special focus on its mathematical nature (Carrillo-Yafiez et al., 2018).

It is therefore important to carefully design quality curricula that equip future teachers with the necessary mathematical
competences to develop their future professional work. In this respect, there is a worldwide debate on how elementary
mathematics education should be arranged, what contents and skills a future teacher should achieve during his or her initial
teacher training (Gasteiger & Benz, 2018; Senk et al., 2012). The instrumental nature of mathematics and the influence of the early
leanings on their development in later educational stages suggest that mathematics should play a central role in elementary
teacher study programs (Baroody et al., 2019), but the approaches differ from country to country.

Alsina (2020), Nolla et al. (2021), and Méndez Coca et al. (2021) present a picture of initial teacher training in mathematics and
mathematics education in elementary education degrees of Spain. They analyzed the number of credits assigned to such
disciplines, the contents of the syllabus, their distribution along the curriculum, and the optional or specialization itineraries in
mathematics offered to prospective teachers. Their findings show mismatches between the international standards of the
National Council of Teacher Quality (NTCQ) and the concrete reality of the study programs of those universities, as well as concerns
about the low proportion of mathematics subjects in these education degrees and a disconnection between research findings,
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Figure 1. PISA results evolution of the GRS countries (https://www.oecd.org/en/about/programmes/pisa.html)

subject contents and the legislative curriculum. To contribute to the discussion of how to improve the initial teacher training in
mathematics of elementary teachers it could be of interest to compare it with other countries (Tatto & Menter, 2023).

In this respect, our main goal is to show a general panorama of the initial teacher training in both mathematics and
mathematics education in the universities of Greece, Romania, and Spain (denoted GRS from now on). These three European
countries have different traditions, with Pisa results below the OCDE average, and have a highly compatible unit of measurement
of their courses, the ECTS, European Credit Transfer System. We deal with the following research questions:

RQ1. What role mathematics and mathematics education plays in the curricula of teacher training education degrees in GRS
universities?

RQ2. Are these formation plans in line with what recognized standards on the preparation of elementary teachers suggest?

For this purpose, we carry out a quantitative analysis of initial teacher training programs in the fields of mathematics and
mathematics education in GRS universities for elementary pre-service teachers, and we make a comparative study of the three
countries in the context of the international standards proposed by the NTCQ.

Our specific goals are then the following:

S1. To provide a description of the mathematics and mathematics education courses in the GRS education degrees. In
particular, to present the amount of credits of such courses, their distribution along the degrees, and to organize them
by their nature and their content type, as described in Method section.

S2. To discriminate whether there is a consensus on a minimum number of credits necessary to guarantee the training of
pre-service teachers in mathematics and mathematics education.

$3. To confront the GRS data with the standards of the NCTQ report.
S4. Todetermine whether there exists any kind of specialization itineraries in mathematics in GRS education degrees.

INTERNATIONAL AND LEGISLATIVE CONTEXT IN GRS

Education requirements to become an elementary school teacher usually include a bachelor’s degree in primary or early
childhood education, or other similar studies. Most institutions use the credit as a measure unity of the length of their courses.
Hence, the number of credits of subjects related to mathematics and mathematics education, and the type of mathematical
content of such courses in a concrete degree could provide a relevant information on the background acquired by its students on
this field. The European Higher Education Area (EHEA) has established a common framework for a group of countries! in which
the credit, European Credit Transfer System (ECTS), is highly compatible. Then, it seems natural to choose some EHEA countries
to collect their data and make comparisons.

We consider three EHEA countries, Greece, Spain and Romania, which belong to different cultural traditions: Central European,
and western and eastern Mediterranean, and which are rather young democracies: Greece, 1975, Spain, 1978, Romania, 1991.
Focusing on the education of pre-service teachers, the requirements to become an elementary school teacher are different: In
Spain and Greece, candidates must possess a four-year bachelor’s degree in either early childhood or primary education, while in
Romania the degree takes three years, and then candidates complete their education in a one-year practice period (see European
Education and Culture Executive Agency, Eurydice et al., 2018). Finally, dealing with mathematics, their last results in the 2022 Pisa
report? are similar and below OECD average (472 points): Greece 430 (position #44/80), Romania 428 (position #45/80) and Spain
473 (position #27/80). The GRS evolution from 2003 is shown in Figure 1.

In GS there are two bachelor’s degrees in education: One to become primary school teachers (of 6-12 years old students), while
the other focuses on the early childhood period (4-6 years old in Greece, 0-6 years old in Spain). They take 4 years and 240 ECTS,
and can be studied in public universities and, in Spain, also in private ones. In Spain there is also a non-university vocational
training degree that qualifies to work with children from 0 to 3 years of age. In Romania, however, there is a single bachelor’s

! Cf., http://www.ehea.info/page-full_members
2Cf., https://www.oecd.org/pisa/publications/
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degree in education which prepares to be both a primary school teacher (6-11 years old) and an early childhood teacher (3-6 years
old). It comprises 180 ECTS and can be studied in either public or private universities.

In Greece, the law 1269/19823 structures the degrees of the public universities. According to the provisions of $5/89656/B3/13-
8-2007%, the distribution of credits depends on each department. The content of each curriculum is drawn up by a special
committee and certified by the national Agency HQA following the law 4653/2020 (see Section 7 in Eurydice report®).

In Romania, the structure of the degree is prescribed in 1/20118, and divided into a basic training module (Discipline de Dominiu,
with a minimum of 20% of the total credits), a disciplinary module (Discipline de Specialitate, min. 50% and Complementare, min.
5%) and a practice module (Practica, min. 15%). The mathematics subjects are located at Discipline de Specialitate module, and it
is prescribed the existence of at least two courses: One with mathematics content, and other with mathematics education content.

In Spain, the laws ECI/3857/20077 and ECI/3854/2007¢ structure the studies as in Romania: Médulo de Formacién Bdsica (min.
25% in Primary; min. 41.7% in Early Childhood); Médulo Diddctico y Disciplinar (min. 41.7% in Primary; min. 25% in Early
Childhood); and Practicum with a minimum of 20.8%. Mathematics and mathematics education courses are also included in the
didactic and disciplinary module.

Finally, let us present the official requirements for becoming a fully qualified teacher (see Figure 2.1 in European Education
and Culture Executive Agency, Eurydice, 2018). In the three countries a successful graduation is necessary. In Romania, a
confirmation of professional competency after graduation, usually after a one-year long period working as a teacher, is also
needed. In GS, to work as a public employee, graduates must also pass an examination, which is organized by the Supreme Council
for Civil Personnel Selection in Greece and by the regional governments in Spain.

THEORETICAL FRAMEWORK

Regarding the choice of a theoretical framework, the model called Mathematics Teacher's Specialised Knowledge,
abbreviated as MTSK (Carrillo-Yafiez et al., 2018), establishes suitable categories for our study. This model is a revision of the
Mathematical Knowledge for Teaching model, abbreviated MKT (Ball et al., 2008), which develops in the case of mathematics
teaching the main ideas presented in Shulman (1986). The designers of the MTSK model themselves define it as "based on the idea
that the specialization of the mathematics teacher's knowledge derives from his profession, that is, the knowledge he possesses
will be specialized as long as it is necessary for him to develop his work as a mathematics teacher" (Montes et al., 2013, p. 404).

In fact, for our analysis, we need the two major domains already presented in Shulman (1986) which are the Mathematical
Knowledge (MK), and Pedagogical Content Knowledge (PCK). We describe these domains as in (Carrillo-Yafiez et al., 2018): MK
contains the mathematics content itself, the interlinking systems which bind the subject and how one proceeds in mathematics;
PCK contains the mathematics teaching theoretical knowledge, characteristics inherent to learning mathematics, and
instruments designed to measure students’ level of ability in understanding, constructing and using mathematics. These domains
are used to organize the courses of the GRS education degrees by content type as described in Method section.

The second pillar in the theoretical framework is the report NCTQ (2008) from the National Council of Teacher Quality. This
report is based on the mathematical contents and processes collected in the Principles and Standards for School Mathematics
NCTM (2000) and sets five standards for teacher education in mathematics at the elementary education level to achieve a high-
quality education program. These standards refer to the depth of conceptual knowledge of mathematics that pre-service teachers
must begin to acquire and demonstrate in their studies, the requirements for admission to the programs, the coordination and
opportunities for practice-teaching, and the selection of teacher trainers. Precisely, the statements of the standards are the
following (NCTQ, 2008, p. 2):

Standard 1: Aspiring elementary teachers must begin to acquire a deep conceptual knowledge of the mathematics that they
will one day need to teach, moving well beyond mere procedural understanding. Required mathematics
coursework should be tailored to the unique needs of the elementary teacher both in design and delivery,
focusing on four critical areas: (1) Numbers and operations; (2) Algebra; (3) Geometry and measurement and -to
a lesser degree; (4) Data analysis and probability

Standard 2: Education schools should insist upon higher entry standards for admittance into their programs. As a condition
for admission, aspiring elementary teachers should demonstrate that their knowledge of mathematics is at the
high school level (geometry and coursework equivalent to second-year algebra). Appropriate tests include
standardized achievement tests, college placement tests, and sufficiently rigorous high school exit tests

Standard 3: As conditions for completing their teacher preparation and earning a license, elementary teacher candidates

should demonstrate a deeper understanding of mathematics content than is expected of children.
Unfortunately, no current assessment is up to this task

® https://www.kodiko.gr/nomothesia/document/288704/nomos-1268-1982

* https://www.et.gr/api/DownloadFeksApi/?fek_pdf=20070201466

5 https://eurydice.eacea.ec.europa.eu/national-education-systems

® https://www.edu.ro/sites/default/files/_fi%C8%99iere/Legislatie/2022/LEN_2011_actualizata_2022.pdf and https://www.aracis.ro/wp-content/
uploads/2022/10/5.-Standarde-C5-28.09.2022. pdf

" https://www.boe.es/diario_boe/txt.php?id=BOE-A-2007-22449

8 https://www.boe.es/eli/es/0/2007/12/27/eci3854
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Standard 4: Elementary content courses should be taught in close coordination with an elementary mathematics methods
course that emphasizes numbers and operations. This course should provide numerous opportunities for
students to practice-teach before elementary students, with emphasis placed on the delivery of mathematics
content

Standard 5: The job of teaching aspiring elementary teachers’ mathematics content should be within the purview of
mathematics departments. Careful attention must be paid to the selection of instructors with adequate
professional qualifications in mathematics who appreciate the tremendous responsibility inherent in training
the next generation of teachers and who understand the need to connect the mathematics topics to elementary
classroom instruction.

The NCTQ report evaluated (and created a ranking of) the teacher education programs of a large sample of U.S. universities
and, as in its more recent studies (NCTQ, 2018), it points out mismatches between the desired standards and the concrete reality
of the study programs of those universities.

As commented in the previous paragraphs, the MTSK and MKT models stress the fact that the mathematical knowledge of an
elementary teacher is intimately linked to his or her teaching practice. This is indeed at the origin of the introduction by Shulman
(1986) of the PCK domain: There exists a mathematical subject knowledge for teaching (some reflections on the PCK can be found
in Star, 2023). The NTCQ standards are in the same line:

Mathematical courses for elementary teacher preparation should be tailored to the unique needs of the elementary
teacher both in design and delivery.

Any analysis or discussion of this paper is done under this important assumption: The existence of special needs, as concreted
in the description of the MTSK domains, for the mathematical preparation of an elementary teacher.

METHOD

This work is a descriptive and comparative study of the courses devoted to mathematics and mathematics education in the
GRS education degrees. The number of universities which offer a primary and/or early childhood education degree in GRS is 9 in
Greece (100% public), 25 in Romania® (84% public), and 63 in Spain (63,3% public). Spanish data come from the 2020/21 academic
year (see Nolla et al., 2021), Greek from 2021/22 and Romanian from 2022/23. The study examines the implementation of part of
the specific policy of initial teacher training in mathematics, so it falls into the Type Il of international comparative studies
proposed in Chabbott and Elliot (2003).

Data have been collected from an exhaustive inspection of the documents obtained from the official website of each University
in two steps: First, via the title, an initial selection of mathematics and/or mathematics education subjects has been made; Second,
checking the contents and the bibliography indicated in the syllabi (whenever possible), the initial selection has been classified
according to their:

1. Nature: Compulsory courses (C), which all students must pass, or optional courses (0), under choice of the student
2. Contenttype

— Mathematics education courses (ME), which essentially contains Pedagogical Content Knowledge

— Mathematics courses (M), which essentially contains Mathematical Knowledge

— A combination of mathematics and mathematics education courses (M&ME) and

— Mathematics and other sciences courses (MS).
This last case is exceptional and appears when mathematics is presented in the context of a sciences course.

The content type allows us to assign a model to each University, according to the predominance of M, ME and M&ME and MS
subjects. These categories are defined as follows:

e Mathematics Education model (ME-model): Degrees which contains only ME courses

e Mixed model (M&ME-model): Only M&ME courses

e Combined models: Subjects of type M&ME and other types
o Mixed-Mathematical model (M&ME+M-model): Contains M&ME, M subjects but not ME subjects
o Mixed-Education model (M&ME+ME-model): Contains M&ME, ME subjects but not M subjects
o Mixed-combined model (Combined-model): Contains subjects of the three types

e Separated model (M+ME-model), there are courses on mathematics and courses on mathematics education, but not of
mixed nature

e Mathematics model (M-model), only courses with mathematics contents

e Transversal model (MS-model), mathematics subjects are combined with other sciences.

°In the case of University Babes-Bolyai Cluj-Napoca and University Lucian Blaga din Sibiu, we are considering each language program as if they
were different universities, because the curricula are different.
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Table 1. Number of ECTS compulsory credits in mathematics or mathematics education

Mean Min Q1 Median Q3 Max Mode
GREECE Early Childhood 11,2 6 8 10 14 20 8
GREECE Primary 14 8 10 14 16 22 8
ROMANIA 9,5 6 8 10 10 14 10
SPAIN Early Childhood 8,84 3 6 7 12 18 6
SPAIN Primary 16,75 4 14,75 18 18 27 18
GRS Early Childhood 9,23 3 6 8 12 20 6
GRS Primary 14,63 4 12 15 18 27 18
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Figure 2. Distribution in % of total universities for each GRS country of compulsory credits in mathematics/ mathematics
education (Source: Authors’ own elaboration)

In view of our classification, the variables considered are:

1. Number C of credits of compulsory courses in mathematics and mathematics education. This variable is related to S1, S2

and S3.

Number O of optional credits in mathematics and mathematics education, related to S1 and S4.

Number of credits in mathematics and mathematics education for each content type defined above, related to S1 and S3.

Start-end mathematics or mathematics education courses: first and last year of compulsory courses in such disciplines,

related to S3.

5. Existence of a specialization program in mathematics, related to S4.

RESULTS

In this section we present the tables and graphics of the variables considered in this study. The complete data of subjects and

credits of GRS universities is presented in Appendix at Table A.1 (Greece), Table A.2 (Romania), and Table A.3 (Spain).

The interplay between the collected data and the specific goals becomes apparent here. In Table 1 we present basic statistics
on the variable C of compulsory credits, and Figure 2 contains the GRS distribution of compulsory credits. The information on the
variable O of optional credits is collected in Table 2. The distribution of optional credits among the universities which offer such

credits is presented in Figure 3.
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Table 2. Percentage of Universities with optional ECTS credits in mathematics and/or mathematics education

Early Childhood Education Primary Education
GREECE 100% 100%
ROMANIA 36%
SPAIN 37% 41%

B GREECE E.Ch. DO GREECE Pri. EBROMANIA ®SPAIN E.Ch. OSPAIN Pri

| thdliwm o ol 4 0

8 29 X 3

Figure 3. Distribution of the number of optional credits in mathematics and/or mathematics education (Source: Authors’ own
elaboration)
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Figure 4. Starting and end mathematics and/or mathematics education compulsory courses (Source: Authors’ own elaboration)

Table 3. Universities with specialization programs containing mathematics and/or mathematics education contents in GRS

SPAIN : GREECE : ROMANIA
Early Ch. Primary Early Ch. Primary
Universities 1 4 0 0 0
Table 4. University models for GRS countries in terms of the type of subjects
Eartly Childhood Education Primary Education
ME M+ME M&ME M&ME+M M&ME+ME Comb MS ME M+ME M&ME M&ME+M M&ME+ME Comb MS

Greece 2 2 1 3 1 1 7 1
Romania 25 25
Spain 51 5 2 5 2 18 29 2 8 4

In Figure 4 we collect the starting and end courses of compulsory subjects of mathematics/mathematics education: The
starting (respectively end) course is the first (respectively last) course of a compulsory subject.

In Table 3 we present the number of GRS universities with a specialization program containing mathematics in the title, and
finally, Table 4 presents the classification of the universities within the models described in the Method section.
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DISCUSSION

In view of S4, we confront our data with the standards of NCTQ (2008), stated in the Theoretical Framework.

Standard 1

Let us first remark that the area of data analysis is becoming more important in our society and, consequently, in education.
In fact, the so-called computational thinking is, in some sense, starting to define a new paradigm in education, where science and
mathematics are sometimes defined as computational endeavors (Weintrop et al., 2016). In particular, data practices, as proposed
in Weintrop et al. (2016)-collecting, creating, manipulating, analyzing, and visualizing data-, constitute a relevant part of this
ability. The comment “-to a lesser degree-", in reference to the data analysis and probability area, might be reconsidered in an
updated formulation of Standard 1.

Along this paper we have been showing important elements which have to appear in the mathematics and/or mathematics
education courses of the education degrees, which in fact are quite independent of the country. To accomplish Standard 1 as
described above, it would seem natural to reach a consensus on a minimal number of necessary credits of
mathematics/mathematics education. In fact, this number is independent of the length of the degree, which allows us to consider
Romanian data in absolute terms, although the degree is shorter. As a first approach to this minimum, we can contemplate the
recommendations of the NCTQ report (2008, p. 8): 115 hours, 12 ECTS, as the time necessary to cover the mathematical contents
(without counting mathematics education contents). Let us discuss what GRS data say on this minimum according to Table 1.

First thing to observe is that in Spain the number of compulsory credits in mathematics/mathematics education courses is
significantly smaller in the early childhood education degree than in the primary school education degree. The median is 7 versus
18. However, in Greece the gap is smaller, 10 versus 14. Certainly, Standard 1 considers the whole period of elementary education
and the 12 credits recommendation takes account of mathematical contents which does not appear in early childhood education.
However, the skills and attitudes described above are equally desirable for these teachers, and, moreover, they face the extra
difficulty of transferring them to their students. In this sense, Greece is closer to this standard since most prospective teachers
take at least two courses in mathematics and/or mathematics education. However, in Spain most graduates in early childhood
education only take one course, 5 to 7 credits.

Second thing is to compare the medians of GRS, considering the primary school in GS, and the Romanian data. The median in
Greece is 14 credits, 10 in Romania, and 18 in Spain. The Romanian data are very homogeneous, following most universities (72%)
the minimal law requirement of one mathematics and one mathematics education course. Nevertheless (see Tables A.1,A.2, and
A.3 in Appendix), even adding the optional courses, half of the universities in Romania does not reach this median. This is different
in Greece where, adding the optional credits, all universities reach the median of 14 compulsory credits. In Spain, the number of
universities not attaining the median when adding compulsory and optional credits is 15 (remarkably, all of them are private
institutions).

Third thing to remark is the range of variation on the number of compulsory credits. Let us study, as before, the primary school
in GS, and the Romanian data. This range goes from 8 to 22 in Greece, 6 to 14 in Romania, and 4 to 27 in Spain. The minimums: 8,
6 and 4, (and even the first quartiles Q1 of GR: 10 in Greece, 8 in Romania) are far from Standard 1 proposal. Furthermore, the
ranges reveal an absence of consensus on a minimal number of credits. We come back on this in the Conclusions.

Finally, let us confront the number of compulsory credits of mathematics of the GS primary and R degrees with the NCTQ
suggestion (12 credits). We can set the hypothesis that for the mixed credits M&ME the percentage of mathematical content could
vary between 50% and 75%. Just for this comment, assume the maximal value of 75%. Adding to the compulsory credits of
mathematics the 75% of the M&ME compulsory credits, only 1 out of 15 universities of Greece and 29 out of 64 in Spain reach the
minimal suggested value. In Romania, even doing the same addition, only 2 out of 25 institutions reach 12 credits. With this data,
it seems that GRS countries are not in line with the suggestion of a minimum of 12 compulsory credits in mathematics.

Standard 2

This standard focuses on the mathematical knowledge requirements for the candidates to enter an education degree. In
principle, this standard sounds redundant. The main way to access a GRS education degree follows from an upper secondary
education period of type ISCED 3 (European Education and Culture Executive Agency, Eurydice, 2016, p. 12), so that the knowledge
of mathematics of applicants is guaranteed. However, there are some elements which raise some doubts on this fact: The
heterogeneity of the students, which are coming from different baccalaureates, some of them without mathematics in their last
period (Asensio Mufioz et al., 2022; Potari, 2001); the GRS Pisa results, below the average; the level of proficiency in mathematics
of a graduate student in an education degree, which seems to be susceptible of improvement (see Standard 3 for further details).
In Romania there exists an access test to education degrees, but we do not have evidence that it evaluates mathematics.

Inthe absence of an access test, it seems natural to place a course of mathematics as soon as possible in the degree to evaluate
if the high entry standards are met and, if not, to have room to reach this level along the studies. This is the case, see Figure 4, in
Greece, where 55.5% of universities in early childhood education and 77.8% of primary education start mathematics courses in
the first year. It also occurs in Romania with a 79.2%. However, in Spain, only 9.5% of the early childhood education degrees and
41.3% of the primary education degrees place mathematics subjects in the first year. It is relevant here to remember that there are
some law limitations in Spain: mathematics and mathematics education are placed in the Didactic and Disciplinary Module and
not in the Basic Training Module, whose subjects are preferably placed in the first courses.
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Standard 3

We have no evidence that the final level of performance in mathematics is measured in any way in the GS education degrees.
Itis understood that the training received throughout the degree is enough for such performance. Similarly, in Romania, although
there is a practice period after the degree, we are not aware of any final test on mathematical contents. The GS system to become
a public employee includes an examination with mathematical contents. We agree, in principle, with this philosophy: graduation
means proficiency and only when competition is required to hire someone for a position, additional tests must be passed.

Nevertheless, some studies and a common perception (Alsina, 2020; Fat, 2016; Frangopol, 2011; Nortes & Nortes, 2013, 2018;
Potari, 2001; VVAA, 2020) seem to show that the level of proficiency in mathematics of a graduate in education is susceptible of
improvement. The existence of this final test could help to make an accurate diagnosis on the situation in order to design
improvements, if necessary.

While Standard 2 is related to the first course on mathematics, Standard 3 is related to the end course (see Figure 4). A
compulsory course in the last year of the degree could provide a double opportunity: to check this desired final proficiency in
mathematics, and to better link this last course to the Practice Module. The design of the GRS education degrees does not take
care of these opportunities, as the data of Figure 4 show.

Standard 4

As said above, prospective teachers must learn meaningful mathematics and also how to activate the so-called mathematical
sense in their future students. Such mathematical sense is usually defined as the set of skills related to the mastery of mathematics
contents which leads to use them in a functional way (see Ramirez Uclés et al., 2019 and references therein). This includes,
generalizing Standard 4, the number, spatial, measurement and stochastic senses (and possibly others). The understanding of the
mathematical concepts and their manipulation must be intimately linked. This enlightens how to present mathematics to
prospective teachers and what activities to propose: contents and methods must be clearly connected, and also related to the
mental processes of the students. This concludes the relevance of a close coordination between mathematics and mathematics
education courses. In the following we analyze how the GRS systems face such coordination in view of the data of Table 4.

For the early childhood degrees, 81% universities in Spain have opted for a mathematics education model ME, according to
what is described in the Spanish law: A globalizing and integrated curriculum. The law completely determines the model in
Romania, where all universities have the M+ME model. The Greek educational system does not have such a predominant model,
and a variety of models appears. It is worth to mention that every Romanian university and 6 out of 9 universities in Greece offers
a compulsory course in mathematics. This is not the case in Spain, where just 5 out of 63 (8%) dedicates a compulsory course to
mathematics.

In relation to primary education, the Spanish system mostly chooses an integration of both knowledges, in line with this
standard: 46% of the degrees follow a mixed model M&ME and this proportion reaches 62% if M&ME+M and M&ME+ME are
included. The second choice in the Spanish system is the separate model M+ME with 29% universities. On the other hand, the
predominant option in GR is the separated model M+ME: 78% Greek universities and the whole Romanian ones. This division
between mathematical contents and mathematics education contents does not fit with Standard 4. It would be of interest to know
if, in the M+ME models, there exists a good coordination between subjects of each type. Moreover, it would be also relevant to
know how mathematics and mathematics education contents are integrated in subjects of mixed type, that is, to what extent such
integration depends on the background of the teacher or on the department in charge of the course. This needs a careful analysis
of the current courses beyond the official documents.

Standard 5

This standard addresses the fact that the mathematics teacher educators for pre-service teachers must be carefully chosen
and be clearly aware of their responsibility. To train mathematics teachers needs professionals with deep knowledge of
mathematics but who do not forget that this mathematics is going to be presented to elementary students. Standard 5 invites to
overcome dualities of type: “What is needed to know only is how to teach mathematics” versus “what prospective teachers need
to learn is mathematics” (Potari, p. 82,2001).

In Table 2 we present the percentage of universities which offer optional courses related to mathematics. All Greek universities
have mathematics-related optional courses in their curricula, being by far the GRS country with the largest offer. The range of
courses varies between 5 and 28 credits in early childhood degrees, and, respectively, between 10 and 35 in primary degrees.
However, in Romania, since the degree is shorter, the number of optional courses is very limited: in fact, only 36% universities
offer them, in a range from 3 to 7 credits. In Spain, only 37% universities in early childhood education (range 4.5-12) and 41% in
primary education (range 6-30) offer such optional courses.

To take some optional courses related to mathematics could partially fill the gap (see Standard 1) between the recommended
compulsory credits and the actual ones. Additionally, it could help to form teachers with a special background on mathematics.
This could be important for several reasons:

— Teachers specially prepared in mathematics can act as dynamic agents of mathematics education in their schools,

— They can lead research on mathematics education tightly linked to daily classroom situations, easily transferable to the
community,

— They can contribute as university teachers in education degrees,

— They could be responsible for the mathematics aspects of the professional development and continuous education of
teachers.
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Data from the previous paragraph are complemented with the number of GRS universities with a specialization related to
mathematics (see Table 3): No one in GR and only 5 in S. This is further developed in the Conclusions section, but it shows that
specialization in mathematics is not considered as important in the GRS education degrees.

CONCLUSIONS

Prospective elementary GRS teachers are prepared in bachelor’s degrees, whose subjects are measured in ECTS credits. As
proposed in S1, we have collected the number of credits of mathematics or mathematics education courses of compulsory or
optional type and presented them in the results. Tables A.1, A.2, and A.3 in the Appendix contain the list of universities and their
subjects as can be found in their official web pages and classified via the theoretical framework described in the Introduction.

In Table 1 one can check the heterogeneity of the number of compulsory credits of mathematics/mathematics education. As
commented in the discussion on Standard 1, this number is smaller in the early childhood studies with respect to the primary
ones, especially in Spain. Moreover, medians suggest that Romanian students spend less time (10 ECTS in
mathematics/mathematics education courses) than Greek primary education students (14 ECTS), who in turn spend less time than
the Spanish ones (18ECTS) However, in early childhood, Spain has the lowest median with 7 ECTS, while GR median is 10.

The ranges of credits (in each country and among them) appear to show the absence of a consensus on the number of credits
necessary for an undergraduate student to set the basis for a competent elementary mathematics teacher, see S2. The mode in
Spain is 6 credits in early childhood studies and 18 in primary education, with a much larger frequency than the other values. The
forementioned 6 and 18 credits were suggested in Nolla et al. (2021) as a first indicator for a minimal number of credits,
respectively for early childhood and for primary education. The GR data do not confirm this suggestion for primary education: In
Greece, only two universities offer a number of compulsory credits over 18, and the maximum number of compulsory credits in
Romania is 14 (two universities). The GRS data in primary school give the impression that the 15 credits of the GRS median (see
Table 1) could be an indicator between the 10 Romanian and the 18 Spanish credits. If we assume 15 credits as a first approach to
this searched minimum, we observe that 4 of 9 Greek universities; all Romanian universities; and 15 of 63 Spanish universities do
not reach this number. In contrast, data in early childhood education in Greece agrees with the proposed minimum of 6 ECTS.
However, 2 out of 9 of Greek universities do not reach this minimum while in Spain half of the universities offer a number of credits
less than or equal to 6. This suggests that the Spanish education system assumes that one course in mathematics/mathematics
education is enough to accomplish the expectations on an early childhood mathematics pre-service teacher.

We have organized (see Table 4) the GRS degrees according to their model of mathematics education. In Spain, at least
formally, mathematics and mathematics education contents seem to be generally integrated. In GR the situation is different:
These two knowledges are mainly separated. Some more details can be found in the discussion of Standard 4.

The document NCTQ (2008) fixes five standards on the preparation of prospective teachers in mathematics. We have
confronted our data, see S3, with these standards in the Discussion Section, and, in general lines, the GRS education degrees are
not in tune with them. Our findings, based on the collected data, show a panorama of the situation but also the need for further
studies: For Standard 1, an analysis that moves away from the syllabus to the real practices of the courses (contents,
methodologies, and evaluation); for Standards 2 and 3, a comparative study of existent admittance and final proficiency tests; for
Standard 4, an analysis of the coordination among the courses, and between the courses and the practicum; for Standard 5, a
study of the background in mathematics and mathematics education of the teacher educators, and of the departments which they
belong to.

With respect to the S4 objective, let us study the GRS offer of optional courses in mathematics (see Table 2). All Greek
universities provide such optional credits, while only 36% Romanian universities, 37% Spanish universities in early childhood
degrees, and 41% Spanish universities in primary education degrees do it. It is relevant to say that we do not know if the optional
courses are taught every year. From the RS scarce offer, one can infer that specialization in mathematics is not considered relevant
in these two countries. The Romanian case is connected with the length of the degree. The Spanish case is further developed in
Nolla et al. (2021). However, the number of optional credits in Greek universities is quite significant, bigger than 20 credits in 7 of
the 9 primary school degrees. With the preventions suggested above, it seems that the Greek system is most aware of the
importance of taking extra courses on mathematics or mathematics education.

Education is a crucial element of a society, a UNESCO Sustainable Development Goal, concretely SDG4° states:

Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all.

Elementary teachers are, among others, responsible of the education of the new generations. It is consequently very important
to take care of the preparation of such teachers, and concretely, as focused on this paper, in mathematics and mathematics
education as a relevant part of the background of their students. The analysis presented here can be of service to improve such
training: the experiences of some countries could be an inspiration for other countries. We have dealt with the cases of Greece,
Romania, and Spain but this study can be extended to other education systems. We encourage researchers of other countries to
collect the data of their education degrees and compare with the ones presented here.

W https://www.sdgdeducation2030.0rg/the-goal
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APPENDIX
Table A.1. Data of Greek universities
Early Childhood Education Primary Education
ECTS Subject type (C) Courses ECTS Subject type (C) Courses

Region University Type C o) ME M M&ME Start End Total C ME M M&ME Start End
Aegean Islands U. of the Aegean Public 20 25 20 1 3 2 2 16 6 1 4
(Rhodes)
Central Greece National and

Kapodistrian U. of Public 13 25 8 5 1 4 52 20 20 1 4

Athens
Crete U. of Crete Public 8 12 4 4 1 2 36 8 4 4 1 2
(Rethymnon)
Epirus U. of loannina Public 16 28 6 6 4 2 3 35 13 5 8 1 3
Macedonia Aristotle U.. of Public 6 6 6 1 2 a1 3 3 5 3
Thessaloniki
Patras U. of Patras Public 10 15 5 5 2 3 20 10 5 5 3
Thessaly (Volos) U. of Thessaly Public 6 5 6 2 2 36 16 5 12 1 2
Thrace . DemocritusU.of o pic 135 9 9 45 1 3 50 15 5 10 1 3
(Alexandroupolis) Thrace
Western
Macedonia u. ofWestgrn Public 8 13 4 4 2 3 42 14 10 4 1 3
- Macedonia
(Florina)
Table A.2. Data of Romanian universities
ECTS Subject Type (C) Course
Region University Type C o) ME M M&ME Start End
Alba U. 1 Decembrie 1918 din Alba lulia Public 8 4 4 1 2
Arad U. Aurel Vlaicu din Arad Public 7 3 4 1 2
Bacau U. Vasile Alecsandri din Bacdu Public 10 7 5 5 2 2
Brasov U. Transilvania din Brasov Public 10 6 5 5 2 2
Bucuresti U. din Bucuresti Public 12 4 8 1 3
Cluj U. Crestind Dimitrie Cantemir Priv 10 5 5 5 1 2
Constanta U. Spiru Haret din Bucuresti Priv 8 4 4 2 2
. U. Babes-Bolyai Cluj-Napoca .
Dolj (Romanian) Public 6 3 3 3 3
Galati U. Babes-Bolyai Cluj-Napoca public 9 5 4 1 )
(German)
lasi U. Babes-Bolyai Cluj-Napoca Public 10 5 5 5 2 2
> (Hungarian)
Oradea U. Tehnica din Cluj-Napoca Public 8 5 3 2 2
Arges U. Ovidius din Constanta Public 12 6 6 1 2
Sibiu U. din Craiova (més sedes) Public 10 3 7 1 2
Suceava U. Stefan cel Mare din Suceava Public 8 5 3 1 1
Dambovita U. Valahia din Targoviste Public 11 3 8 3 1 2
Gorj U. Constantin Brancusi din Targu Jiu Priv 10 2 7 3 1 2
Mures U. George Emil Palade din Targu Public 14 4 8 6 1 )
> Mures

Timis U. de Vest din Timisoara Public 7 4 3 1 2
Ilfov U. Adventus din Cernica Public 6 3 3 3 1 1
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Table A.3. Data of Spanish universities

Early Childhood Primary Education
. . . ECTS Subject Type (C) Course ECTS Subject Type (C) Course
Region University WP “C 6 ME M M&ME Ms Start End _C O ME M M&ME Start  End
U. Almeria Public 9 6 9 3 3 24 6 24 2 3
U. Cadiz Public 12 12 2 3 27 6 15 12 1 3
U. Cérdoba Public 6 6 1 1 18 12 6 1 3
U. Granada Public 12 6 6 6 2 3 22 6 13 9 1 3
Andalucia U. Huelva Public 6 6 6 2 2 21 3 18 1 4
U. Jaén Public 7 7 3 3 18 18 2 4
U. Loyola Priv 12 12 3 4 18 6 6 6 2 4
U. Malaga Public 8 6 8 3 3 21 21 2 4
U. Sevilla Public 6 6 6 3 3 18 9 9 1 2
Aragén U. San Jorge Priv 6 6 2 2 12 12 2 3
U. Zaragoza Public 6 6 2 2 18 6 18 2 3
Asturias U. Oviedo Public 6 6 6 2 2 18 18 1 3
Baleares U. Islas Baleares Public 6 6 3 3 18 12 6 1 4
- U. La Laguna Public 6 6 1 3 20 9 14 6 2 3
Canarias -
U. Las Palmas Public 13,5 5 13,5 1 3 19 6 19 1 3
Cantabria U. Cantabria i Public 6 6 6 2 2 18 6 6 12 1 2
U. Eur. del Atlantico  Priv 18 6 12 2 3
U. Abat Oilba CEU Priv 6 6 2 2 15 3 12 2 2
UAB Public 8 6 8 3 4 17 30 6 6 5 1 3
UB Public 15 9 6 2 3 18 12 6 12 2 4
U. Girona Public 5 12 5 2 2 16 21 6 10 2 4
Catalufa U. Int. Cataluiia Priv 18 18 3 3 15 15 2 3
U. Lleida Public 6 6 3 3 18 18 1 3
U. Ramon Llull Priv 12 12 2 3 12 12 12 2 3
U. Roviray Virgili Public 18 18 2 4 18 18 2 4
U. Vic Priv 15 6 9 6 1 4 12 6 6 1 2
C.laMancha UCLM Public 12 12 2 3 18 18 1 2
U. Burgos Public 9 6 45 45 2 2 18 6 6 6 2 4
U. Cat. de Avila Priv 12 6 6 6 3 3 18 6 18 1 3
U. Isabel | Priv 6 6 3 3 12 6 6 3 4
C.yLedn U. Ledn Public 6 6 6 3 3 12 8 12 1 2
U. Pont. Salamanca  Priv 6 6 4 4 12 12 3 4
U. Salamanca Public 6 6 6 2 2 18 12 18 2 4
U. Valladolid Public 9 6 9 2 2 18 6 18 1 4
Extremadura U. Extremadura Public 6 6 3 3 18 18 2 3
U. A Corufia Public 6 9 6 2 2 18 4,5 18 1 3
Galicia U. Santiago Public 6 6 4 4 18 18 1 3
U. Vigo Public 12 6 6 3 4 12 6 12 2 2
La Rioja U. de la Rioja Pl{blic 9 9 2 2 18 45 12 6 1 3
UNIR Priv 8 8 3 3 12 6 6 2 2
U. Alcala Public 8 8 3 3 18 6 12 2 3
U. Alfonso X Priv 3 3 1 1
UAM Public 6 9 6 1 1 18 18 18 1 3
U.C. José Cela Priv 6 6 3 3 15 85 6 2 3
U. Comillas Priv 6 6 3 3 12 6 6 2 3
Madrid UCM Public 12 12 12 2 3 18 24 18 2 4
UDIMA Priv 6 6 6 2 2 12 6 6 6 1 3
U. Europea Priv 10 10 3 3 12 12 3 3
U. Fco. Vitoria Priv 6 6 3 3 12 12 2 3
U. Nebrija Priv 6 6 3 3 12 6 6 2 2
URJC Public 16,5 16,5 2 4 18 18 2 3
. UCAM Murcia Priv 12 12 3 3 12 6 6 2 2
Mucia - -
U. Murcia Public 15 15 2 3 21 3 21 2 3
Navarra U. Navarra Priv 6 6 3 3 18 6 6 6 3 4
U. Pib. Navarra Public 12 12 2 3 18 18 2 3
U. Deusto Priv 12 12 3 4 22 4 18 1 4
Pais Vasco U. Mondragén Priv 12 12 3 3 4 4 2 2
U. Pais Vasco Public 6 6 6 3 3 15 18 15 1 3
U. Alicante Public 12 6 12 2 3 18 6 6 12 1 3
U. Cat. Valencia Priv 6 6 3 3 15 6 9 1 3
Valencia CEU C. Herre_ra Priv 6 6 3 3 18 6 12 2 3
U. Int. Valencia Priv 6 6 4 4 18 9 9 2 2
U. Jaume | Priv 8 6 8 3 3 18 6 18 1 3
U. Valencia Public 15 6 9 2 4 21 24 12 9 2 4




	INTRODUCTION
	INTERNATIONAL AND LEGISLATIVE CONTEXT IN GRS
	THEORETICAL FRAMEWORK
	METHOD
	RESULTS
	DISCUSSION
	In view of S4, we confront our data with the standards of NCTQ (2008), stated in the Theoretical Framework.
	Standard 1
	Standard 2
	Standard 3
	Standard 4
	Standard 5

	CONCLUSIONS
	REFERENCES
	APPENDIX

