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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 (Sáiz-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-

Why are we targeting 
students in compulsory 
secondary education?

1
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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; Sáiz-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; López-Iñesta 
et al., 2021; Queiruga-Dios et al., 2019a, 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) (Salmerón-Pérez & Gutiérrez-Braojos, 2012).

Methodology  
that has been implemented

2 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 (Sáiz-Manzanares et al., 2019b; Sáiz-Manzana-
res & Valdivieso-León, 2020).

Proper metacognitive strategies are needed to learn science, and espe-
cially physics, where the plethora of extant alternative concepts mean 
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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 (Sáiz-Manzana-
res et al., 2021, Sáiz-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 (Sáiz-Manzanares & Valdivieso-León, 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). 
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Learning  
activities

3 3.1. 
Physics of movement
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This enrichment intellectual product (0IE3) 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.

Conclusions

4

Boiko, A., Nistor, A., Kudenko, I., & Gras-Velazquez, A. (2019). The Attrac-
tiveness of Science, Technology, Engineering and Mathematics Subjects. 
Results from five countries. European Schoolnet, Brussels.

Guido, R. M. D. (2018). Attitude and motivation towards learning physics. 
arXiv preprint arXiv:1805.02293.

Diez-Ojeda, M., Queiruga-Dios, M. Á., Velasco-Pérez, N., López-Iñesta, E., & 
Vázquez-Dorrío, J. B. (2021). Inquiry through Industrial Chemistry in Com-
pulsory Secondary Education for the Achievement of the Development of 
the 21st Century Skills. Education Sciences, 11 (9), 475.

Henriksen, E. K. (2015). Introduction: Participation in science, technology, 
engineering and mathematics (STEM) education: Presenting the challenge 
and introducing Project IRIS. In Understanding student participation and 
choice in science and technology education (pp. 1-14). Springer, Dordrecht.

Bibliographic 
references

https://srlsmartart.eu/ 


18

López-Iñesta, E., Queiruga-Dios, M. Á., Costa, D. G., & Moreno, F. G. (2021). 
Proyectos de ciencia ciudadana: Una oportunidad para la alfabetización 
científica y la educación en sostenibilidad [Citizen Science Projects: An 
Opportunity for Scientific Literacy and Sustainability Education]. Mètode: 
Revista de difusión de la Investigación, 1 (108), 60-67.

Mateos, M. (2001). Metacognición y Educación [Metacognition and Educa-
tion]. Editorial Aique, Buenos Aires.

Morrison, J., Frost, J., Gotch, C., McDuffie, A. R., Austin, B., & French, B. 
(2020). Teachers’ Role in Students’ Learning at a Project-Based STEM High 
School: Implications for Teacher Education. International Journal of Scien-
ce and Mathematics Education, 1-21. https://doi.org/10.1007/s10763-020-
10108-3

Queiruga-Dios, M. Á., López-Iñesta, E., Diez-Ojeda, M., Sáiz-Manzanares, 
M. C., & Vazquez-Dorrio, B. (2020). Citizen science for scientific literacy 
and the attainment of sustainable development goals in formal education. 
Sustainability, 12 (10), 4283.

Queiruga-Dios, M. Á., López-Iñesta, E., Diez-Ojeda, M., Sáiz-Manzanares, 
M. C., & Vázquez-Dorrío, B. (2021a). Implementation of a STEAM project in 
compulsory secondary education that creates connections with the envi-
ronment. Journal for the Study of Education and Development, Infancia y 
Aprendizaje, 44 (4), 871-908.

Queiruga-Dios, M. Á., López-Iñesta, E., Diez-Ojeda, M., Sáiz-Manzanares, 
M. C., & Vázquez-Dorrío, J. B. (2021b). Developing Engineering Skills in Se-
condary Students Through STEM Project Based Learning. In International 
Conference on EUropean Transnational Education (pp. 257-267). Springer, 
Cham.

Queiruga-Dios, M. Á., López-Iñesta, E., Diez-Ojeda, M., & Vázquez-Dorrío, J. 
B. (2021c). Technologies Applied to the Improvement of Academic Perfor-
mance in the Teaching-Learning Process in Secondary Students. In Inter-
national Conference on European Transnational Education (pp. 307-316). 
Springer, Cham.

Queiruga-Dios, M. Á., Diez-Ojeda, M., & Sáiz-Manzanares, M. C. (2019a). 
Análisis de la apreciación sobre la implicación y desempeño y las dificul-
tades y aprendizajes en la realización de proyectos STE (A) M atendiendo 
al género en alumnos de secundaria [Analysis of the appreciation on the 
implication and performance and the difficulties and learning in the reali-
zation of STE (A) M projects attending to gender in secondary school stu-
dents]. In Innovación Docente e Investigación en Ciencias de la Educación 
(pp. 989-998). Dykinson.



19

Queiruga-Dios, M. Á., Sáiz-Manzanares, M. C., & Montero-García, E. (2019b). 
Adaptive and creative problem-projects in the teaching of science. des-
cription of the methodology and appreciation of the students involved. 
Research in Education and Learning Innovation Archives, (23), 1-23.

Queiruga-Dios, M. Á., Vázquez-Dorrío, B., Sáiz-Manzanares, M. C., 
López-Iñesta, E., & Diez-Ojeda, M. (2021d). Valoración de la Ecología de 
Aprendizaje Autorregulado Virtualizada para la Didáctica de las Ciencias 
de la Naturaleza durante la crisis COVID-19 [Assessment of the Virtualized 
Self-Regulated Learning Ecology for the Didactics of Nature Sciences du-
ring the COVID-19 crisis]. Revista Publicaciones, 51 (3), 375-420.

Redmond, P., & Gutke, H. (2020). STEMming the flow: Supporting females 
in STEM. International Journal of Science and Mathematics Education, 18 
(2), 221-237. https://doi.org/10.1007/s10763-019-09963-6.

Salmerón-Pérez, H., & Gutiérrez-Braojos, C. (2012). La competencia de 
aprender a aprender y el aprendizaje autorregulado. Posicionamientos 
teóricos. Editorial [The competence of learning to learn and self-regulated 
learning. Theoretical positions. Editorial]. Revista de currículum y forma-
ción del profesorado, 16 (1). http://hdl.handle.net/10481/23016.

Sáiz-Manzanares, M. C., & Bol, A. (2015). Cómo enseñar y cómo evaluar la 
resolución de problemas en Física: una reflexión sobre la propia práctica 
[How to teach and how to assess problem solving in physics: a reflection 
on own practice]. Innovación en la enseñanza de las ciencias: reflexiones, 
experiencias y buenas prácticas]. Science Teaching Innovation: An Reflec-
tions, Experiences and Best Practices, 129-146.

Sáiz-Manzanares, M.C., Marticorena, R., García-Osorio, C.I., Escolar-Lla-
mazares, M.C., & Queiruga-Dios, M.A. (2017). Conductas de aprendizaje en 
LMS: SRL y feedback efectivo en LMS [Learning behaviors in LMS: SRL and 
effective feedback in LMS]. En J.C Núñez, et al. (Eds.), Temas actuales de 
investigación en las áreas de la Salud y la Educación (pp.747-752). SCIN-
FOPER.

Sáiz-Manzanares, M. C., Marticorena-Sánchez, R., Díez-Pastor, J. F., & Gar-
cía-Osorio, C. I. (2019a). Does the use of learning management systems 
with hypermedia mean improved student learning outcomes?. Frontiers in 
Psychology, 10, 88. https://doi.org/10.3389/fpsyg.2019.00088.

Sáiz-Manzanares, M. C., Queiruga-Dios, M.A., García-Osorio, C.I., Monte-
ro-García, E., & Rodríguez-Medina, J. (2019b). Observation of Metacognitive 
Skills in Natural Environments: A Longitudinal Study With Mixed Methods. 
Frontiers in Psychology, 10, 2398. https://doi.org/10.3389/fpsyg.2019.02398.



20

Sáiz-Manzanares, M. C., Rodríguez-Díez, J. J., Díez-Pastor, J. F., Rodrí-
guez-Arribas, S., Marticorena-Sánchez, R., & Ji, Y. P. (2021). Monitoring of 
Student Learning in Learning Management Systems: An Application of 
Educational Data Mining Techniques. Applied Sciences, 11 (6), 2677. https://
doi.org/10.3390/app11062677.

Sáiz-Manzanares, M. C., Rodríguez-Arribas, S., Pardo-Aguilar, C., & Queiru-
ga-Dios, M. A. (2020). Effectiveness of Self-Regulation and Serious Games 
for Learning STEM Knowledge in Primary Education. Psicothema, 32 (4), 
516-524.

Sáiz-Manzanares, M.C., & Valdivieso-León, L. (2020). Relación entre rendi-
miento académico y desarrollo de estrategias de autorregulación en estu-
diantes universitarios [Relationship between academic performance and 
development of self-regulation strategies in university students]. Revista 
Electrónica Interuniversitaria de Formación del Profesorado, 23 (3). https://
doi.org/10.6018/reifop.385491.

Ulriksen, L., Madsen, L. M., & Holmegaard, H. T. (2015). Why do students 
in stem higher education programmes drop/opt out?–explanations offe-
red from research. In Understanding student participation and choice in 
science and technology education (pp. 203-217). Springer, Dordrecht.

The images are of own elaboration.

Image  
references



https://srlsmartart.eu
https://twitter.com/srlsmartart
https://www.instagram.com/srlsmartart/
https://www.facebook.com/smartartproject

