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Why are we targeting
students in compulsory
secondary education?

Many students drop out of STEM subjects in compulsory secondary edu-
cation. This situation has been described by numerous authors with the
metaphor of a leaky pipe that begins when students finish primary school
and interest in STEM subjects decreases as they progress through the
educational system. This disengagement from scientific-technological
education is also clear in the transition from secondary education to ter-
tiary education and, furthermore, this trickle continues during higher edu-
cation, with approximately one third of students dropping out of STEM
courses. The factors affecting retention of students include students pre-
vious levels of performance at school (Saiz-Manzanares et al., 2020; Ulri-
ksen et al., 2015).

This situation is not new and is a cause for concern at all educational
levels, particularly in higher level courses due to the profound impact on
national and transnational higher education programs. In order to increa-
se the number of graduates from STEM courses, higher numbers of new
students are needed, and for this to happen, students’ interest in scien-



tific-technological disciplines must be enhanced from early educational
stages onwards (Boiko et al., 2019; Henriksen, 2015). Physics is one of the
scientific-technological disciplines with the lowest academic performan-
ce in secondary education. Students often feel it is difficult and unappea-
ling compared to other scientific-technological disciplines, yet it is one of
the most important subjects in STEM courses (Guido, 2018; Saiz-Manza-
nares & Bol, 2015).

The literature shows how certain educational approaches improve stu-
dents’ academic performance and their attitudes towards science. Integra-
ting disciplines with a STEM/STEAM approach, using real teaching-learning
contexts, and incorporating ICT can increase students’ interest in these
disciplines. Incorporating these educational approaches into the class-
room requires using active methodologies such as inquiry and problem
solving, which also enable students to acquire scientific-technological
skills and develop 21st century skills (Diez-Ojeda et al., 2021; Lopez-Ifiesta
et al,, 2021; Queiruga-Dios et al., 20193, 2019b, 2020, 2021a, 2021b, 2021c;
Queiruga-Dios et al., 2021). Among these competences that students ac-
quire and develop is learning to learn, related to self-regulated learning
(SRL) (Salmerdn-Pérez & Gutiérrez-Braojos, 2012).

Methodology
that has been implemented

SRL is a process in which students establish their own learning goals,
monitor their progress, and adapt and regulate their cognition, motivation,
and behavior to achieve those goals. In order to regulate their learning,
students need to use appropriate learning strategies when solving a pro-
blem or performing a task. The most capable students in self-regulation
are more aware of the mistakes they make as well as possible ways to ca-
rry out the task, self-regulating their behavior and calibrating or modifying
their strategies if necessary (Saiz-Manzanares et al., 2019b; Saiz-Manzana-
res & Valdivieso-Leodn, 2020).

Proper metacognitive strategies are needed to learn science, and espe-
cially physics, where the plethora of extant alternative concepts mean



that learners need to activate suitable comprehension strategies allowing
them to detect understanding of scientific content. If students do not de-
tect these alternative ideas, they will not take measures to modify them
either (Mateos, 2001; Queiruga-Dios et al., 2021d).

Learning management systems (LMS) or learning platforms can facili-
tate students’ self-regulatory training as such systems allow students
to be guided through the content and have teacher-student feedback
(Saiz-Manzanares et al., 2017). LMS are effective in achieving student SRL
when properly designed and implemented. This design must include the
analysis and detection of students’ alternative ideas, learning tasks de-
signed with a constructivist approach, and process-oriented feedback so
that each student can learn from the mistakes they make (Saiz-Manzana-
res et al., 2021, Saiz-Manzanares et al,, 2019a).

The use of methodological approaches based on SRL is effective in the
teaching-learning process in the sciences. They help students develop the
capacity for organization and self-regulation of their own learning, over-
coming difficulties that arise in doing tasks, and improving their academic
performance (Saiz-Manzanares & Valdivieso-Ledn, 2020; Queiruga-Dios et
al.,, 2021d).

The STEM educational approach and self-regulated training of students
make scientific-technological disciplines friendlier and avoid gender bia-
ses. They increase student interest in these disciplines and decrease dro-
pout rates, presumably increasing the number of subsequent scientific
careers. In this regard, teachers have an essential role, and their influence
must be taken into account since it can affect students’ decisions about
their learning pathways and choice of subjects from a very early age. This
can help reduce that constant ongoing leak that worsens towards the
highest academic levels. Thus, teachers can guide the teaching-learning
processes and support student self-efficacy, which is a strong predictor
of achievement and persistence in STEM disciplines (Morrison et al., 2020;
Redmond & Gutke, 2020).



Learning
activities

3.1.

Physics of movement
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Conclusions

This enrichment intellectual product (OIE3) from the European SmartArt
project offers university teachers of Secondary Education materials that
have been created by an interdisciplinary group of participating members
in the project who belong to research groups. These materials are also
implemented on the project website https://srlsmartart.eu/ on an open
access virtual interactive platform (VLE). The information presented in this
document and the VLE and project website will no doubt be of great in-
terest to teachers and students in this knowledge area. Its usefulness will
be tested in subsequent studies which will be presented as evaluation
reports about its usefulness and will identify improvement opportunities
as part of a process of continual improvement.
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