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Abstract

The new Law of Education in Spain, known as LOMLOE, includes for the first time the STEM competence with its own
entity, among other changes. Accordingly, a reform of the curricula of the Primary Education Teacher Degrees is
proposed, for which a deep and global analysis of this initial training is essential. Thus, the objectives that guided this
study included the following: i) to compare the distribution of credits among STEM disciplines and their didactics; ii) to
check whether scientific-mathematical or didactic content predominates; iii) to analyse the contents of Technology and
Engineering; and iv) to compare these aspects between public and private universities. To that end, the study plans of the
37 public and 22 private universities that offered the Primary Education Teacher Degree in the 2020-2021 academic year
were analysed. The teaching guides of the 342 compulsory subjects of the associated disciplines were evaluated,
considering their contents and their timing, and a descriptive and inferential study was carried out. The results show that
public universities allocate more credits to training in STEM disciplines, especially to the disciplinary content of
mathematics and science, while there is a significant dispersion in the data. In public universities there is a major focus
on disciplinary content, especially in science. Regarding technology, the contents are specific to Information and
Communication Technologies, and not to technology understood from the STEM perspective. In addition, engineering
and the global STEM approach itself are absent. This analysis reveals the need to renew the curricula with contents that
are more adapted to what the LOMLOE demands and, above all, explicitly including aspects of technology and
engineering with a STEM approach.

Keywords: STEM, LOMLOE, pre-service primary teacher training, science, mathematics, technology,
engineering, public universities, private universities

Resumen
La nueva Ley de Educacién, conocida como LOMLOE, incluye entre otros cambios y por vez primera la competencia
STEM con entidad propia. En consonancia, se propone una reforma de los planes de estudio de los Grados de Magisterio
en Educacién Primaria, para lo cual resulta indispensable un analisis profundo y global de dicha formacion inicial. En
este estudio se abordan los siguientes objetivos: i) comparar la distribucion de créditos en las disciplinas STEM y sus
didacticas; ii) comprobar si predominan los contenidos cientifico-matematicos o los didacticos; iii) analizar los contenidos
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de Tecnologia e Ingenieria; iv) comparar estos aspectos entre universidades publicas y privadas. Para ello, se revisan los
planes de estudios de las 37 universidades publicas y 22 privadas que ofertan el Grado de Magisterio en Educacién
Primaria en el curso 2020-2021. Se analizan las guias docentes de las 342 asignaturas obligatorias de las disciplinas
relacionadas, atendiendo a sus contenidos y a su temporalizacion, y se realiza un estudio descriptivo e inferencial. Los
resultados muestran que las universidades publicas dedican mas créditos a la formacion en las disciplinas STEM,
especialmente a los contenidos disciplinares de matematicas y ciencias, existiendo una importante dispersion en los datos.
En las universidades publicas, los contenidos disciplinares predominan sobre los didacticos, especialmente en ciencias.
En cuanto a la tecnologia, los contenidos son propios de las llamadas Tecnologias de la Informacién y la Comunicacion,
y no de la tecnologia entendida desde STEM. Por su parte, la ingenieria y el propio enfoque global STEM estan ausentes.
Este andlisis revela la necesidad de renovar los planes de estudio con contenidos adaptados a lo que demanda la LOMLOE,
fundamentalmente, incluyendo aspectos de tecnologia e ingenieria desde una perspectiva STEM.

Palabras clave: STEM, LOMLOE, formacién inicial de maestros, ciencias, matematicas, tecnologia, ingenieria,
universidades publicas, universidades privadas

Introduction

The international expansion of the STEM educational approach (acronym for Science, Technology,
Engineering, and Mathematics) has been unstoppable since its conception in the United States in the
1990s. Nowadays, its influence is evident in most educational contexts across the globe (Belbase et
al., 2021). Although there is no clear conceptualisation of STEM, Moore et al. (2014) define STEM
education as “an effort to combine some or all of the four disciplines of science, technology,
engineering, and mathematics into one class, unit, or lesson that is based on connections between the
subjects and real-world problems” (p.38). On this basis, there are different perspectives on integration
in STEM, ranging from those that advocate for the fusion of all disciplines through transdisciplinary
problems (Costantino, 2018) to others that emphasise the uniqueness of each subject while
acknowledging its epistemic complementarity (Simarro & Couso, 2021). In addition, in recent years,
there has also been a demand for the integration of Arts and Humanities into this approach (which
could become STEAM), to unify convergent and divergent thinking and promote more inclusive
academic and professional identities (Aguilera & Ortiz-Revilla, 2021).

The Spanish prospective report titled “Spain 2050” (Ministry of the Presidency, 2021)
highlights the importance of increased training in STEM areas. Therefore, the new Education Law,
recently approved and known as LOMLOE, introduces the STEM competence for the first time
(mathematical competence and competence in science, technology, and engineering), which
“involves understanding the world using scientific methods, mathematical thinking and
representation, technology, and engineering methods to transform the environment in a committed,
responsible, and sustainable way” (Royal Decree 157/2022, p.24406). Moreover, this key competence
is associated with five operational descriptors in both Primary and Secondary Education.

With the introduction of this new legal framework, the Ministry of Education has also
proposed updating Primary Education Teacher Degrees (MEFP, 2022a), given the critical role of
teachers' practice in promoting scientific literacy. Therefore, if the aim is to improve teacher training
for the development of the STEM competence, a prior analysis of initial training in the various STEM
disciplines in Primary Education Teacher Degrees is required. Although there are several studies for
each discipline, a joint analysis such as the one proposed in this paper has not been conducted yet.

Furthermore, a proper analysis should include private universities, as they represent a high
percentage of students in Spain, specifically 26.6% in the 2020/21 academic year (MEFP, 2022b).
Previous studies that have analysed the overall curriculum, i.e., the distribution of credits between
basic, disciplinary, and didactic subjects, field experiences, and the final degree project, have not
found significant differences with public universities (Sanchez-Uran, 2019). However, each
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university decides how to distribute the credits of each module in the different subjects and what
content to include. This has been criticised, as these decisions are sometimes based on the trajectory
of each faculty or the interests of the departments, rather than on the benefit of the students (Imbernén
& Colén, 2014). Moreover, 30 out of the total 240 ECTS of the bachelor's degree are designated as
electives and are normally devoted to elective courses or majors.

Training in STEM disciplines

According to the “Teacher Education and Development Study in Mathematics” (INEE, 2012),
primary preservice teachers lack mathematical knowledge and skills, leading to decreased confidence,
motivation, enjoyment, and sense of the subject's usefulness (Nortes Checa & Nortes Martinez-
Artero, 2013). These deficiencies are attributed in part to inadequacies in their previous training and,
potentially, to an overemphasis on operational thinking (Socas, 2011). Similar conclusions can be
drawn from science education. As such, various national (Martinez-Borreguero et al., 2022) and
international authors (Appleton, 2003) have found that future primary school teachers often have
inadequate scientific knowledge, alternative conceptions similar to those of school-age pupils, and a
rigid understanding of science, which hinders exploration and positive attitudes towards the subject
(Porlan et al., 2010).

On the other hand, there is a broad consensus regarding the indispensability of adequate
Pedagogical Content Knowledge (PCK hereafter) in both Mathematics and Science, since this
element is essential to represent or transform disciplinary knowledge in such a way that students can
understand it (Shulman, 1987). In both disciplines, PCK is assumed to comprise knowledge of
curricula, students' understanding of these subjects, teaching methods, assessment strategies, as well
as orientations towards teaching (Cortés et al., 2012; Naya- Riveiro et al., 2021). In Mathematics,
both national and foreign authors (Cardetti & Truxaw, 2014; Naya-Riveiro et al., 2021) highlight the
deficiencies in university training regarding mathematical knowledge for teaching. The situation is
similarly unsatisfactory in Science, where Cafal (2008) and Toma et al. (2017) analysed the design
of inquiry-based teaching units by primary preservice teachers and identified their difficulties in
integrating conceptual and procedural knowledge, promoting student reflection, and providing
adequate scaffolding.

Although there is widespread recognition of the need to improve the scientific-mathematical
and didactic knowledge of future teachers, there is no consensus on whether the didactic component
should follow conceptual knowledge per se or whether both should be addressed simultaneously
(Amat et al., 2022). In fact, tensions arise between what could be described as a more scientific
approach and a more didactic one, and doubts persist on how to bring the two together (Garcia-Barros,
2016). On the one hand, the lack of conceptual knowledge hinders PCK development (Cafal, 2008;
Martinez-Borreguero et al., 2022). On the other hand, an isolated or consecutive treatment of the two
approaches makes their integration difficult and carries the risk that future teachers will reproduce
teaching models that are far removed from social constructivism, where content is not articulated in
learning situations connected to the ideas and culture of the students (Garcia-Barros, 2016; Porlan et
al., 2010).

Similarly, there is ongoing debate regarding the relative emphasis placed on disciplinary and
didactic knowledge in teacher training curricula. In their analysis of the current regulation of Primary
Education Teacher Degrees, Pro-Bueno et al. (2022) indicate that “it seems that legislators have
placed greater emphasis on the learning of scientific knowledge”, and add that “while acknowledging
its importance, the curricular proposal is clearly improvable as it prioritises what a teacher should
know about science over how to teach it" (p.192). From our point of view, the same conclusion can
be drawn when examining the mathematical competences established for future teachers by this law.
Accordingly, inservice primary school teachers demand didactic-pedagogical training to a greater
extent than strictly disciplinary training (Manso & Garrido-Martos, 2021), despite the aforementioned
problems with their scientific-mathematical background.
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Regarding the other two STEM disciplines, Technology and Engineering, the debate is also
open. Defining technology and differentiating it from engineering is a complex issue (Cavanagh &
Trotter, 2008) that varies from country to country (Yata et al., 2020). Some authors even suggest that
the two disciplines are so closely linked that they should be taught together (Barak, 2013). However,
there is a general consensus that, within the STEM framework, Engineering should focus on solving
real-world problems by exploring solutions, developing prototypes, and testing their feasibility, while
prioritising the processes and products created (Simarro & Couso, 2021). In fact, several
methodologies that follow this approach have been proposed, such as Design-based Learning and
Design Thinking.

On the other hand, Technology within STEM is considered to be the set of tools —often digital—
that are used during scientific, mathematical, or engineering practices, or the product developed
through these processes. In this respect, some authors state that Technology should not be considered
a discipline and should not be included in the STEM acronym alongside Science, Mathematics, and
Engineering (McComas & Burgin, 2020). In addition, Technology is not only specific to these fields,
but also to social sciences, arts, or technical crafts (Costantino, 2018). With this complexity in mind,
this study also analyses the presence of Engineering and Technology in the curricula of the Primary
Education Teacher Degrees and assesses whether they are really aligned with their conception in
STEM education.

Research questions

As a useful element of debate about curricular changes in the context of the LOMLOE, this work

analyses the initial training of primary school teachers in the different STEM disciplines. Specifically,

the following research questions regarding the compulsory training in the Spanish Primary Education

Teacher Degrees are addressed:

P.1. How many ECTS credits are assigned to scientific-mathematical areas and disciplines?

P.2.  Which is the predominant content: scientific-mathematical or didactic?

P.3.  Are Technology and Engineering approached from a STEM perspective?

P.4.  Are there differences in credits and content between public and private universities?
Understanding the approaches and timing assigned to these areas and disciplines will help

promote reflection to articulate curriculum plans that contribute to STEM teacher education.

Method

A cross-sectional statistical study has been conducted based on data collected from the curricula of
Spanish universities.

Sample

The study sample comprises the Primary Education Teacher Degree programs at the 37 public
universities and 22 private universities in Spain that offered this training during the 2020-2021
academic year.

The curricula were reviewed using the information available on the universities' websites. For
this study, all compulsory subjects with STEM content were selected. This selection consisted of 342
subjects, 225 from public universities and 117 from private universities.

The teaching guides for these subjects were then analysed, which include information on
scopes, content, competences, methodology, timing, and assessment.
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Procedure

To answer the first two research questions, the contents and timing of the subjects in the sample were
identified based on the teaching guides. According to the most frequent division, the contents were
classified into: Mathematics, Physics, Chemistry, Biology, Geology, Didactics of Mathematics, and
Didactics of Science.

For the calculation of credits assigned to the contents, the timing indicated in the teaching
guides was considered. If this was not explicitly identified, the credits were distributed proportionally
to the number of content descriptors.

There are subjects solely dedicated to mathematical or scientific content (sometimes
incorporating more than one scientific discipline), subjects dealing entirely with their didactics
(curriculum, epistemology, methodologies and strategies, resources, assessment, etc.), and mixed
subjects, where the credit count follows the aforementioned guidelines. Some subjects about didactics
make use of certain scientific-mathematical concepts and models, but the ultimate aim is to illustrate
methodological or didactic approaches. In such cases, credits were linked to didactics.

There are some contents whose categorisation to a certain discipline is not always obvious. In
such cases, we followed a criterion consistent with the Primary Education curriculum. For instance,
the specific contents of Astronomy (Universe, Solar System, Moon, etc.) were not considered in the
analysis, as they are part of the Social Sciences in Primary Education and, therefore, in many
universities they are also included in subjects about Geography, a discipline that has been excluded
in this study and in the STEM disciplines. Conversely, regarding contents about nutrition and health,
which are included in the Natural Sciences curriculum in Primary Education, they were assigned to
Biology as it is the most related discipline of those established for the analysis.

The allocation of credits was carried out independently by two members of the research team.
Discrepancies were discussed and resolved by agreement with the intermediation of a third
researcher. Finally, the results were presented using descriptive statistical parameters.

To analyse the difference in the credits assigned to disciplinary and didactic content in each
university, the parameter &€ was defined, both for mathematics (em) and science (&s), as follows:

_ CRpip —CRpys (1)
CRpip + CRpjs

Here, € represents the relative difference between the credits assigned to didactics (CRpip) and
to disciplinary content (CRpis). In particular, € = 0 indicates an equal distribution between the two,
while ¢ > 0 reveals more emphasis on didactics and € < 0 on disciplinary content. Extreme values
correspond to universities that allocate all their credits to didactic content (¢ = 1) or disciplinary
content (¢ =—1). In addition, we conducted a cluster analysis of these parameters to explore potential
groups of universities based on the prevalence of disciplinary or didactic content. The analysis aims
to identify groups that are as homogeneous as possible while being different from each other. VVarious
distance algorithms and group formation methods were tested to select those that made sense for the
research. In particular, the Euclidean distance method and clustering using the Cutree algorithm (R
Core Team, 2018) were chosen.

To address the third research question, we reviewed the contents of teaching guides for
compulsory subjects dedicated specifically to Technology, analysing their coherence with a STEM
approach (Moore et al., 2014). In addition, we checked for explicit references to STEM and specific
Engineering content in the overall curriculum (Simarro & Couso, 2021).

Finally, to answer the fourth research question, which has a cross-sectional nature, and to
make a comparison between public and private universities, the non-parametric Mann-Whitney U test
was carried out to determine whether there are statistically significant differences (p < 0.05) in the
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distribution of credits. This choice was based on the previous application of the Shapiro-Wilk test,
which allowed us to rule out the normality of the distributions.

For all research questions, calculation of statistical parameters, cluster analysis and
hypotheses tests were carried out using the open-source software R (R Core Team, 2018).

Results

The results are presented in three sections following the first three research questions. The last
question is addressed across all sections.

Distribution of credits in scientific-mathematical disciplines

The total ECTS credits allocated to Mathematics and Science in the curricula (including their
disciplinary and didactic contents) are shown in Graph |, and the descriptive statistics in Table I.
Firstly, the dispersion of the results is striking, with some universities allocating little more than 10
credits to Mathematics and 5 to Science, while others allocate up to 25 credits to each. This dispersion
is greater in Science than in Mathematics (c = 4.2 vs. o = 3.6). Secondly, there is a significant
difference between universities, with public universities allocating 31.9% more credits to
Mathematics (U = 694.0, p = 2.40e-06) and 24.1% more to Science (U = 559.5, p = 0.0149).

GRAPH 1. Distribution of ECTS credits allocated to Mathematics (top) and Science (bottom),
including their disciplinary and didactic contents, in public and private universities
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TABLE I. ECTS credits allocated to Mathematics and Science, including their disciplinary and

didactic contents

PUBLIC UNIVERSITIES

PRIVATE UNIVERSITIES

ALL THE UNIVERSITIES

Standard Standard Standard
Mean - Mean - Mean L

deviation deviation deviation
Mathematics 18.2 3.2 13.8 2.5 16.6 3.6
Science 14.4 3.8 11.6 4.1 13.4 4.2
Mathematics + Science 32.6 4.6 25.4 5.9 29.9 6.2

Source: compiled by the authors based on the study plans

Graph 1l illustrates the distribution of ECTS credits assigned to disciplinary and didactic
content for Mathematics and Science in both types of universities. The results indicate a statistically
significant difference in the disciplinary credits for Mathematics (U = 681.5, p = 1.04e-05) and,
although relevant, not significant for Science (U = 531.5, p = 0.0510), with public universities
assigning more credits to these subjects. Therefore, the fundamental difference between universities
is essentially due to the difference in time allocated to disciplinary content. Regarding the ECTS
assigned to didactics, the difference between types of universities is not significant.

GRAPH I1. ECTS credits allocated to Mathematics, Science (including Biology, Physics, Chemistry,
and Geology) and their respective Didactics, in public and private universities
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Finally, Graph Il shows the results divided by disciplinary content: Biology, Physics,
Chemistry, and Geology. The difference is evident, with the highest weight for Biology, followed by
Physics, and quite low for Chemistry and Geology. This gradation aligns with the weight of these
disciplines in the Primary Education curriculum. The disparity between types of universities is again
evident, with public universities having a greater teaching load. On the other hand, it is remarkable
that at least 50% of both public and private universities do not devote any time at all to Geology, nor
to Chemistry in the case of private universities. There are no significant differences between the types
of universities in any discipline.

GRAPH I11. ECTS credits allocated to Biology, Physics, Chemistry, and Geology in public and
private universities

o o m All
O Public U.
8 R O Private U.
1 1
LT
1 1 I
| ] 1 I
6 Lo °© e
o |
3 P o + o
D4 mmror—l e T T T
i | | i i
T T i i N
] ] ] 1 - ] 1 I
2 1 I I i ! 1 !
1 1l
1
i i i : :
I I Y e

Biology Physics ~ Chemistry  Geology

Source: compiled by the authors based on the teaching guides
Scientific-mathematical training vs. didactic training

Firstly, the number of credits assigned by each university to scientific-mathematical disciplinary
content and to didactic content is analysed. Graph IV displays Mathematics and Science separately;
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the straight line represents an equal distribution between both contents, with universities with more
didactic credits at the top and those with more disciplinary credits at the bottom. Once again, a wide
dispersion in teaching loads can be observed, with a greater dispersion in Science. When comparing
disciplinary and didactic credits in public universities, a statistically significant difference is obtained
in Mathematics (U = 930.0, p = 0.0062), with a predominance of disciplinary content, but not in
Science (U = 740.0, p = 0.5506). In private universities, there are no significant differences between
the two domains.

GRAPH 1V. ECTS credits allocated in each university to didactic versus disciplinary content, in
Mathematics (left) and Science (right)
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To illustrate the dominant formative role of each institution, Graph V shows jointly the results
of the & parameter for Mathematics and Science, while Table Il provides a distribution of the
parameter values. In Mathematics, there are no extreme cases with 0 ECTS for either content. The
most common situation in both types of universities exhibits an equal distribution between
disciplinary and didactic content (em = 0), although there are many public universities where the more
disciplinary approach dominates (em < 0). On the other hand, there are more contrasting trends in
Science, as most universities opt for one approach over the other, with the disciplinary content
approach dominating (es < 0). The case of the Universitat Abat Oliba CEU is noteworthy, as training
is exclusively oriented towards disciplinary content (es = —1). Conversely, in institutions such as
Alfonso X el Sabio, Autonoma de Barcelona, La Laguna, Mondragon, Oberta de Catalunya, Vic, and
Zaragoza, training is entirely centred on didactics (es = 1). It is important to note that this last approach
does not necessarily imply a lack of attention to disciplinary content in the subjects, which could be
approached from the perspective of teaching and learning (school models, evolution of students'
previous ideas, design of inquiry-based activities, etc.).

GRAPH V. Parameter ¢ for Mathematics and Science of the universities analysed. The groups
identified in the cluster analysis are indicated
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TABLE Il. Distribution of the values of the parameter ¢ for Mathematics and Science in the
universities analysed

MATHEMATICS (ew) SCIENCE (s3)

<0 0 >0 <0 0 >0

ST 15 16 6 21 3 13
Public Universities (40.5%) | (432%) | (16.2%) | (56.8%) | (8.1%) | (35.19%)
Private Universities 5 13 4 8 6 8
22.7%) | (59.1%) | (18.2%) | (36.4%) | (27.3%) | (36.4%)

Source: compiled by the authors

Graph V also shows the cluster analysis, which divides the sample into two major groups: &s
< 0.3, comprising 26 public and 14 private universities (70.3% and 63.6%, respectively), and gs >
0.3, comprising 11 public and 7 private universities (29.7% and 31.8%, respectively). As a third
group, Universitat Abat Oliba CEU appears separately due to its distinct approach. Therefore, the
differentiation of university profiles is based on the model assumed for Science and its Didactics
(horizontal axis), rather than on the model for Mathematics and its Didactics (vertical axis). While
most universities prioritise explicit training in the disciplinary content of Science, a smaller group
proposes to structure teacher training around its didactics.

To complement this view, Table 111 distributes the 298 Mathematics and Science subjects
according to whether they address disciplinary or didactic content, or both. As such, it can be observed
that public universities predominantly adopt a mixed approach for both disciplines, while private
universities exhibit greater diversity.

TABLE I11. Subjects with a disciplinary-only, didactic-only, or mixed approach to content

MATHEMATICS SCIENCE
Disciplinary Mixed Didactic Disciplinary Mixed Didactic
contents contents contents contents contents contents
Public Universities 18 4 15 21 43 28
(16.8%) (69.2%) (14.0%) (22.8%) (46.7%) (30.4%)
Private Universities 14 23 16 15 13 18
(26.4%) (43.4%) (30.2%) (32.6%) (28.3%) (39.1%)

Source: compiled by the authors based on the teaching guides

Another interesting aspect to analyse is whether disciplinary training comes before, begins in
the same year as didactics, or comes after it. The results are shown in Table 1V, excluding the
universities already mentioned which only teach disciplinary or didactic content in the case of

Revista de Educacion, pp. 0-0

Received: 02/08/2022 Accepted: 02/04/2023



ROS MAGAN, G., RODRIGUEZ ARTECHE, I., FRAILE REY, A., PASTOR MENDOZA, J. TRAINING IN THE PRIMARY EDUCATION
TEACHER DEGREE IN STEM DISCIPLINES: ANALYSIS BEFORE ITS REFORM IN SPAIN

Science. The data reveal that, in both Mathematics and Science, very few universities teach didactics
before disciplinary content. The majority of universities start teaching both in the same academic
year.

TABLE IV. Distribution of the universities according to whether disciplinary training is prior to
(G1), begins in the same year (G2) or is subsequent (G3) to didactic training

MATHEMATICS SCIENCE
G1 G2 G3 G1 G2 G3
Public Universities 14 22 1 10 22 2
(37.8%) | (595%) | (2.7%) | (27.0%) | (59.5%) | (5.4%)
Private Universities 9 13 0 10 8 0
(40.9%) | (59.1%) | (0.0%) | (45.5%) | (36.4%) | (0.0%)

Source: compiled by the authors based on the study plans

Finally, Graph VI shows the distribution of Science and Mathematics subjects throughout the
Primary Education Teacher Degree. It is shown that most of them are concentrated in the 2"@ and 3'
years, with fewer subjects offered in the first year (which typically focuses on the basic training
module) and in the fourth year (which is largely devoted to electives). No relevant differences were
found between types of universities in this part of the analysis.

GRAPH V1. Distribution of the universities based on when they begin (vertical) and end (horizontal)
teaching the contents of the disciplines indicated

PUBLIC UNIVERSITIES PRIVATE UNIVERSITIES
Mathematics Mathematics
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12 2 12 3 1 1 ik
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Source: compiled by the authors based on the study plans
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Out of the total of 59 universities analysed, 44 of them have a specific compulsory subject whose title
or contents mainly focus on the field of Technology. In almost all cases, these subjects carry 6 ECTS
credits (88.6%). Their year distribution is as follows: 28 (63.6%) are taken in the first year, 13 (29.5%)
in the second year, and 3 (6.8%) in the third or fourth year.

To analyse the role of Technology in these degrees, the contents declared in the teaching
guides of these 44 subjects were reviewed. In this case, no relevant differences were found between
public and private universities, so the results were grouped together.

As shown in Table V, the contents related to search for information and use of Internet
resources, as well as those oriented towards the design of activities, are particularly remarkable. In
addition, various tools (videos, virtual reality, video games, simulations, virtual laboratories, etc.) are
addressed, sometimes in relation to some active methodologies (inquiry, project-based learning,
gamification, etc.) or integrative approaches (such as Science, Technology and Society, STS).

TABLE V. Frequency of the contents declared in the teaching guides of the subjects dedicated to

Technology
Contents Frequency Contents Frequency
Internet 44 (100.0%) STS 9 (20.5%)
Web Resources 43 (97.8%) SCORM 9 (20.5%)
Methodologies 24 (55.5%) Programming 7 (15.9%)
Design of Activities 20 (45.5%) Virtual Reality 6 (13.6%)
Curriculum 15 (34.1%) Robotics 5 (11.3%)
Videos 12 (27.3%) Video Games 4 (9.1%)
Epistemology 11 (25.0%) Virtual Laboratories 3 (6.8%)
VLE 11 (25.0%) Scratch 2 (4.5%)
Assessment 10 (22.7%) Simulations 2 (4.5%)

Source: compiled by the authors based on the teaching guides

Virtual Learning Environments (VLE) and e-Learning concepts (such as SCORM, an
acronym for Shareable Content Object Reference Model, a standard for standardising virtual learning
content) also appear in a relevant way in Table V. Thereafter it is concluded that the concept of
technology that future teachers may acquire is closely linked to that of Information and
Communication Technologies (ICT), although some new elements related to digitalisation are
beginning to appear.

Finally, Table V includes some contents related to Technology in STEM education, such as
robotics or programming, albeit to a lesser extent. These contents appear similarly in public
universities, such as A Corufa, Girona, llles Balears, and Rey Juan Carlos, and other private
universities, such as Ramoén Llull, Internacional de Catalunya, or Vic. It is worth mentioning the
unique case of the European University of Madrid, which has a 4 ECTS subject called “Introduction
to Programming”.

Regarding Engineering, no references to specific concepts of this discipline, such as
engineering design, prototyping, or computational thinking, were found in the set of compulsory
subjects analysed, except for the aforementioned subject at the European University. Accordingly,
specific methodologies such as Design-based Learning or Design Thinking are absent in the teaching
guides. It is therefore clearly concluded that this discipline is not included in the compulsory training
of future teachers.

Finally, it is worth noting that, surprisingly, references to STEM or STEAM have only been
found in the teaching guides of two private universities: Internacional de La Rioja and Mondragon.
In fact, in the latter there is a subject entitled “STEAM in Primary Education”, although it seems to
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include content related to the teaching of language and mathematics and the use of associated
technological tools.

Discussion

The aim of this study is to analyse STEM education in Primary Education Teacher Degrees in Spain
(in terms of timing and approaches) as a point of debate about its adequacy for achieving STEM
education goals. Firstly, it has been found that there is no STEM training understood in a global way
(Moore et al., 2014). There are no compulsory subjects related to this approach, and there is no
mention of it in the teaching guides for Science, Mathematics and Technology subjects either, with a
few exceptions. This result contradicts the objectives of the LOMLOE and is surprising, given the
ubiquity of the acronym in the specialised literature (Toma & Garcia-Carmona, 2021), and reflects
the slowness or resistance to transferring the results of educational research to the classroom, also at
university (Carr et al., 2012).

Analysing each discipline, the findings are similar in Mathematics and Science in terms of the
most relevant aspects. Firstly, there is a wide dispersion in the ECTS credits allocated to these
disciplines, which agrees with other studies on public universities (Castro-Rodriguez & Montoro,
2021; Garcia-Barros, 2016; Naya-Riveiro et al., 2021) and private universities (Nolla et al., 2021).
Furthermore, it has been found that the difference between types of universities is essentially due to
the lesser amount of time dedicated to disciplinary content in private universities, and not so much to
the time spent in didactic content. In general, these values are below the recommendations of the
White Paper on Primary Education Teacher Degrees (ANECA, 2005, p.201), which suggests a
minimum of 20 ECTS for Mathematics (Naya-Riveiro et al., 2021) and a higher teaching load than
those obtained for Science. In fact, this poor training is associated with the lack of confidence and
insecurity that primary school teachers experience when teaching these disciplines (Garcia-Ruiz &
Sanchez, 2006; Jarvis & Pell, 2004).

Another issue for debate in the degree reforms will be the distribution of credits among
scientific disciplines, especially when this load can be distributed among different departments. Here
it has been observed that the contents of the teaching guides reflect a distribution consistent with the
presence of these disciplines in the Primary Education curriculum, with greater weight given to
Biology, and then to Physics. On the other hand, there is a scarce presence of Geology and, especially
in private universities, of Chemistry. The scientific content covered in each discipline can be
consulted in Garcia-Barros (2016).

Another important decision is whether to focus the training more on disciplinary content or
on didactic content. It has been found that in most universities there is an equal distribution between
both domains in Mathematics. Still, where this is not the case, it is almost always due to an excess of
disciplinary content, which is much more pronounced in public universities. The result is similar to
that of other studies (Naya-Riveiro et al., 2021), although this work provides the differentiating
nuance of identifying the specific content and its ECTS timing. In Science, public universities seem
to be more polarised between the two domains, with a greater emphasis on disciplinary content, while
private universities maintain a better balance between the two. In this respect, Cortés et al. (2012)
found that, at the beginning of their training, primary preservice teachers place greater importance on
disciplinary content; however, as they progress through the degree program (and complete field
experiences), the value given to didactic content increases.

Beyond content, there is a rich controversy between those who advocate for disciplinary and
didactic content to be addressed consecutively or simultaneously. On the one hand, it is argued that
deficient disciplinary training can hinder the construction of PCK (Cafal, 2008; Martinez-
Borreguero, 2022) and that the relevance of students' prior ideas and conceptual errors is not
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sufficiently addressed (Porlan et al., 2010). However, consecutive approaches can make it difficult to
integrate bot domains (Garcia-Barros, 2016) and design contextualised learning situations that
activate and mobilise essential knowledge, enabling the adoption of future teaching roles and
promoting metacognition (Dignath & Buttner, 2008). Our study has revealed that Mathematics has a
higher prevalence of subjects in which both disciplinary and didactic contents are taught in an
interrelated manner. This is also the case in Science, although less markedly so, which has been
severely criticised (Garcia-Barros, 2016). In both cases, didactic content is hardly ever taught before
disciplinary content. In fact, there are only a few universities where either subject is taught in the final
year, which could help to link this knowledge with the final field experiences, where students can
really put into practice their previous learning in the degree and integrate both disciplinary and
didactic domains (Naya-Riveiro et al., 2021).

With regards to Engineering, our study has shown that it is left out of the curricula of the
Primary Education Teacher Degrees, as has been noted by other authors (Castro-Rodriguez &
Montoro, 2021). There are no concepts such as engineering design, process optimisation, or
computational thinking. Nor are there any references to methodologies associated with this approach,
such as Design-based Learning or Design Thinking. This absence is not surprising, since this type of
content was included for the first time in the Spanish Primary Education curriculum with the recent
LOMLOE. Even so, this does not guarantee its rapid and effective inclusion in the classroom. In fact,
in other countries, the transfer of engineering content to the classroom has proven to be costly, despite
curricular support (Carr et al., 2012).

Finally, Technology is addressed in most degree programs through specific compulsory
subjects. The approach for Technology is generally focused on ICT (search for information and
resources, digital tools, etc.), which seems coherent with the specific competences established in the
White Paper on Primary Education Teacher Degrees, i.e., “Ability to use and incorporate information
and communication technologies appropriately in teaching-learning activities” (ANECA, 2015,
p.90). Even so, following Gewerc and Montero (2015), it can be criticised that the notion of
technology is limited to an instrumental perspective. In fact, in the STEM approach, technology is
not exclusively associated with ICT, but is more of a tool or result of solving real-world problems
that are viewed from a global perspective in Mathematics, Science, and/or Engineering. In this regard,
some teaching guides —typically related to Physics— refer to technological devices associated with
simple machines or electromagnets, but once again, not from a true STEM perspective. From our
perspective, it would be advisable to genuinely interrelate Engineering and Technology with Science
and Mathematics, to address the design and construction of technological devices that solve real-
world problems and satisfy social needs: waste separation, medical applications, space exploration,
etc. (Simarro & Couso, 2021).

Conclusions

This study examines jointly the initial training of primary school teachers in STEM disciplines in
both public and private universities. From this research, we can conclude that nowadays
undergraduate programs do not include STEM training with a global approach in their compulsory
itineraries. Engineering is absent from the curricula, and Technology is usually approached from an
ICT-centred perspective, far removed from its conception in STEM education.

In addition, the number of ECTS credits in Science and Mathematics is below the
recommendations established in the White Paper on Primary Education Teacher Degrees (ANECA,
2005, p.201), particularly in private universities. However, their relative weight does seem to be in
line with the teaching load of the disciplines in Primary Education (Mathematics, Biology, Physics,
Chemistry, and Geology, in that order).
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Furthermore, there are important differences between the relevance given by universities to
disciplinary and didactic content, especially in the case of Science, which is a very hot debate. In this
line, it can be seen that there is a predominance of subjects that simultaneously combine both contents,
although this interrelation is weaker in Science than in Mathematics.

This study is highly relevant at this moment given the renewed importance of the so-called
STEM competence since the approval of the LOMLOE. This context requires an update in the
curricula of the Primary Education Teacher Degrees, which Spanish universities will soon have to
address. For this purpose, the review, analysis, and comparison presented in this study are
undoubtedly valuable and highlight the need to specifically include Technology and Engineering
aspects with a STEM perspective, without compromising the time devoted to Mathematics and
Science, which is already less than recommended.

The limitations of the study presented may arise from the fact that information on the contents
and their timing in ECTS credits was derived from the teaching guides, and not from the real activities
implemented by the trainers. This can lead to biases in the results, due to tensions between planned
and executed training (Porléan et al., 2010). Moreover, like other research approaches, analysing
teaching guides involves adopting criteria that may differ from the actual timing of STEM training
content. In addition, the analysis was restricted to compulsory training, ignoring elective subjects
which, although they are not linked to the general profile of graduates, provide a suitable space to
focus on the didactic aspects of STEM disciplines (Naya-Riveiro et al., 2021) and their interaction
during problem-solving.

For this reason, in future work, we propose to study elective subjects by analysing the teaching
guides related to STEM. Another future line of research could be to investigate whether the
conclusions presented here hold true for Double Degrees, whose variety is wide and where it is not
always easy to combine the syllabuses of the degrees involved. Surveys to teacher trainers would also
provide a complementary view that would undoubtedly contribute to the debate on the best way to
reform the curricula of the Primary Education Teacher Degrees.
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