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RESUMO

Introdugdo: A articulagdo do ensino formal das ciéncias com o ndo formal é vista como uma estratégia pouco interessante por
alguns professores, pais e alunos. Ainda impera a cultura de que o processo de ensino/aprendizagem ndo deve sair do
estritamente estabelecido no programa oficial, muito centrado na memorizagdo de técnicas de resolugdao de exercicios, como
férmula do sucesso nas avaliagdes internas e externas (exames nacionais).

Objetivos: Tomando como referéncia o Clube de Ensino Experimental das Ciéncias (CEEC) da Escola Secundaria Dr. Julio Martins
de Chaves, em Portugal, este trabalho tem como principal objetivo apresentar a metodologia desenvolvida no clube bem como
alguns dos projetos desenvolvidos.

Métodos: A metodologia de ensino assenta na articulagdo do ensino experimental das ciéncias, baseado no desenvolvimento de
projetos e de atividades ilustrativas com os tépicos dos programas oficiais de Fisica e Quimica.

Resultados: A metodologia de aprendizagens ativa adotada no CEEC tem levado a um envolvimento significativo dos alunos nas
atividades do clube com um impacto muito positivo no desempenho escolar dos alunos participantes.

Conclusodes: A estratégia metodoldgica tem-se revelado eficaz ao nivel da motivagao dos alunos pelas ciéncias e da melhoria dos
resultados escolares.

Palavras-chave: Pedagogia centrada no aluno; Metodologia de ensino ativa; Clube de ciéncias; Projetos escolares

ABSTRACT

Introduction: The articulation of formal education with non-formal science education is seen as an uninteresting strategy by some
teachers, parents and students. There is still a culture that the teaching/learning process should not go beyond what is strictly
established in the official program, which is very focused on memorizing exercises techniques, as a formula for success in internal
and external evaluations (national examinations).

Objectives: Taking as a reference the Experimental Science Teaching Club (ESTC) of the Secondary School Dr. Julio Martins de
Chaves, in Portugal, this work has as main objective to present the methodology developed in the club as well as some of the
projects developed.

Methods: The teaching methodology is based on the articulation of the experimental sciences teaching, based on the
development of projects and illustrative activities with the topics of the official programs of Physics and Chemistry.

Results: The active learning methodology adopted at ESTC has led to significant involvement of students in club activities with a
very positive impact on the school performance of the participating students.

Conclusions: The methodological strategy has proved to be effective in the motivation of the students for the sciences and in the
improvement of the school results.

Keywords: Student-centered pedagogy; Learning active methodology; Sciences club; School projects

RESUMEN

Introduccion: La articulacidn de la ensefianza formal de las ciencias con lo no formal es vista como una estrategia poco interesante
por algunos profesores, padres y alumnos. Todavia impera la cultura de que el proceso de ensefianza/aprendizaje no debe salir
de lo estrictamente establecido en el programa oficial, muy centrado en la memorizacion de técnicas de resolucién de ejercicios,
como férmula del éxito en las evaluaciones internas y externas (examenes nacionales).

Objetivos: Tomando como referencia el Club de Ensefianza Experimental de las Ciencias (CEEC) de la Escuela Secundaria Dr. Julio
Martins en Chaves, en Portugal, este trabajo tiene como objetivo presentar la metodologia desarrollada en el club y algunos de
los proyectos desarrollados.

Métodos: La metodologia de ensefianza se basa en la articulacidon de la ensefianza experimental de las ciencias, basada en el
desarrollo de proyectos y de actividades ilustrativas con los tépicos de los programas oficiales de Fisica y Quimica.

Resultados: La metodologia de aprendizaje activo adoptada en el CEEC ha llevado a una participacion significativa de los alumnos
en las actividades del club con un impacto muy positivo en el desempefio escolar de los alumnos participantes.

Conclusiones: La estrategia metodoldgica se ha revelado eficaz al nivel de la motivacion de los alumnos por las ciencias y la mejora
de los resultados escolares.

Palabras-clave: Pedagogia centrada en el alumno; Metodologia de aprendizaje activo; Club de ciencias; Proyectos escolares
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INTRODUCTION

In Portugal the discipline of Physics and Chemistry is the discipline with the worst results in national exams. This is due, in part, to
the fact that physics is a counterintuitive science, as referred by the Portuguese Society of Physics (Visdo, 2014). The extent of the
contents, the national exams stress and the use of pedagogical approaches little student-centred, little active, collaborative and
that do not respect the interests and needs of the students, can be factors that restrict the development of students' capacities
and consequently their full integration into public life (scientific, political, economic, social and cultural). The distinction between
traditional teacher-centred pedagogy and student-centred pedagogy can be found, for example in Cicchelli (1983). Traditional
teacher-centred pedagogy is generally defined as a style in which the teacher assumes primary responsibility for the
communication of knowledge to students and is centred in their expertise and authority in the classroom based upon a model of
an active teacher and a passive student. Student-centred pedagogy is based upon a model of an active student. The teacher is
viewed as a facilitator who assists students in their learning and not as the primary source of knowledge in the classroom.

On the other hand, there is a consensus about the importance of experimental teaching, for understanding the concepts, and
about the central role of teachers in their implementation. The teacher has to teach students to learn throughout their lives, to
relate content to the real world and encourages them to conduct research beyond the internet. Thus, the teacher plays an active
role, mediator and advisor in the development of critical and creative thinking of students in order to help them make informed
and well-founded decisions.

The Experimental Science Teaching Club (ESTC) has emerged to fill the gap in formal education with regard to linking content with
the real world, and because a significant number of students expressed an interest in deepening experimental knowledge related
to the school program and day-to-day life (Teixeira & Soares, 2010, 2015; Teixeira, Soares, & Caramelo 2015). The ESTC is a
low-cost project with a student-centred pedagogy, non-formal, facultative, open to the community and to the students and/or
teachers initiatives. Thus, the main purposes of this work are to present the methodology used in ESTC, the typology of the
activities developed, to show the impact of ESTC on students, teachers and community and to present some projects that explore
active learning, some of them with social impact.

1. EXPERIMENTAL SCIENCE TEACHING CLUB

We share the opinion that it is unlikely that the teaching of sciences focused only on contents generates procedural skills, attitudes
and values to the full exercise of citizenship. Besides that, we feel the need to respond to the students who show willingness to
respond to their "whys" in the school labs, and contribute to the promotion of scientific literacy of the school community. Thus,
the ESTC works in articulation with the formal education is an interdisciplinary and transversal project that values students'
knowledge. Furthermore, ESTC is a non-formal educational space, where teaching and learning are focused on ideas and interests
of the students and the teacher has the role of supervisor and promoter of this space. Hence, ESTC has as main mission to make
available to the students of the secondary education a place of debate and experimentation of ideas on science and technology
or of other subjects of their interest.

The methodology is based on the following topics: discussion of ideas, inside and/or outside the classroom, about
projects/activities that the students intend to develop, development of projects in a non-formal environment; conducting lecture
cycles; articulation of projects with formal education; obtaining products of the projects; presentation of the products to the
community. In the cycle of lectures, researchers from higher education participate to give lectures on the themes of the projects.
The ESTC activities are held weekly, are optional and interdisciplinary, focused on students and with scientific humour.

Table 1 shows the type of activities developed in the ESTC since its creation and the percentage of time spent in these activities.

Table 1 — Percentage of time spent on activities in the ESTC

Developed activities Time spent (%)
Illustrative activities 25
Clarification of doubts. Preparation of school tests 18
Participation in projects and competitions 17
Practical-laboratory activities of the school program 10

Preparation and presentation of the open Laboratory

Modelling and virtual laboratories

Preparation of the Olympics and “fis” of “PmatE” competitions

8
5
Investigative activities 5
5
Creation of a Museum of Natural History, Sciences and Technologies 5

2

Lectures

ol
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From the table 1 we highlight the following: illustrative activities, which aim to strengthen the conceptual knowledge (Leite, 2001)
are very motivating and attract students to the club. They are of short duration, usually take less than 15 minutes, and are followed
by an explanation of the illustrated phenomenon and of the respective connection to content taught in the formal education. The
activities in support of the study as the clarification of doubts, the preparation of the school tests and the exploration of the
practical-laboratory activities of the school program also allow the students to see ESTC as a place of reflection on the concepts
and contents taught in the classroom (articulation between formal and non-formal education). In this way, the ESTC also
contributes to the improvement of the student's academic performance. The development of projects, investigative activities and
the resolution of open problems lead to the construction of new conceptual knowledge (Leite, 2001).

The methodology implemented in the ESTC encourages the students to participate in projects, to discover interests and vocations,
and enables the students to make a difference, to be happy and to find their place in society. On the other hand, there is also a
concern to involve students in the use of computational simulations, so that they can verify that current science is based on the
paradigm of three areas: theory, experimentation and computation.

In summary, the methodology of the ESTC is based on the diversification of activities in order to satisfy the curiosity, needs,
interests and expectations of the students, which is the main factor that contributes to the success of the club and has kept it alive
with a constant renewal of students. Furthermore, the commitment, dedication and autonomy of the students, as well as the
products obtained from the work developed and their application in other contexts allows the ESTC to be seen as a factory of
enterprising students, active and committed to the world today.

Before presenting some of the projects developed at the club, is important to highlight the positive impact that the club has had
on the results of the classification of the internal frequency and national Physics and Chemistry A exam. The ratings of the students
who attended the ESTC were always superiors to the ratings of the students who did not attended. For example, between the
school years 2006/7 and 2012/13 the differences ranged from 1.3 to 5.1 values for the internal frequency and from 1.6 and 5.8
values for national exams (Teixeira and Soares, 2015; Teixeira Teixeira, Soares, & Caramelo 2015).

2. SOME EXAMPLES OF THE PROJECTS DEVELOPED IN THE ESTC

Of the various projects developed at the club in this paper we present only some of them.

The project of the Undulatory Effect of the Motion of a Set of Pendulums (Berg, 1991), was a real challenge for the students of the
club since it involved the reproduction of a device observed in a video found on the internet (Teixeira, Soares, & Caramelo 2012).
This work involved the three pillars of knowledge; theory, experimental and computational. However, the most difficult task was
the calibration of the pendulums. The development of a computational model with the Modellus software was an added difficulty
for the students, but at the same time an exciting task. With this project the students won an honourable mention in the 20t
Competition of Young Scientists and Researchers in 2012. Figure 1 shows a representative picture of the work developed by the
students.

Figure 1 — Device of the set of pendulums and image with a computational simulation.
The Hydrogen-Free Combustion is an attractive project to the students, due to the noise produced by the shock wave resulting

from the violent combustion of hydrogen (Soares, Teixeira, & Caramelo, 2015). The exothermic reaction shows that controlled
combustion of hydrogen can be an alternative to the fossil energy sources. Figure 2 shows four instants during the combustion of

the hydrogen.

Figure 2 — Four instants during the combustion of the hydrogen.
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The project Combustion of a Candle within an Inverted Glass Partly Immersed in a Recipient with Water, had as objective to verify
if the theoretical explanation of the phenomenon presented in the textbooks is correct (Teixeira & Soares, 2015). Overall, this
phenomenon is related to the expansion of air during the heating and with its contraction when cools. The candle flame heats the
air inside the glass forcing it to expand and to leave and, when it is extinguished, the pressure inside the glass decreases due to
the cooling of the air, forcing the water to enter the glass. It was also found that the candle is extinguished when the oxygen
concentration reaches approximately 17%, see Figure 3.

20 a0 60 80 100 120 160 180 200 20 240 260 280
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Figure 3 — Device for measuring the concentration of oxygen.

From the results of the project, a validated guide was elaborated for teachers with activities that allow explaining the rise of water
inside the glass. Some teaching resources, Figure 4, were developed in the ESTC to explain the variation of the volume of air inside
the glass and the fact that the candle goes out (Teixeira, Teixeira, & Soares, 2016a). The activities were held in 11 classes of the
preschool and 19 classes of the 15t cycle, in Vila Real district, covering a total of 453 students.

Figure 4 — Some teaching resources used in preschool and 15t cycle classrooms.

For the project Museum of Natural History, Sciences and Technologies the students developed descriptive fiches of various ancient
instruments. The work was presented at the 26" Iberian Meeting for the Teaching of Physics and won the prize for the best poster
communication (Teixeira, Teixeira, & Soares, 2016b).

With the project Watering with the Humidity of the Air, the ESTC has built an irrigation system for plants and trees that take the
water from humidity of the air, Figure 5.

Figure 5 — Irrigation system for plants and trees that take the water from humidity of the air.
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CONCLUSIONS

The idea of the project was born with students' concern about drought and forest fires. The objective was to develop an apparatus
that reduces the number of annual irrigations almost to zero and that it is energetically autonomous. The project mobilizes several
areas of knowledge: physics, chemistry, meteorology, agriculture, computer science, electronics, mathematics, mechanics and the
arts. Students had the opportunity to test and improve their skills at the level of know-how and obtain a multidisciplinary view of
solving problems of social interest. The project culminated with the construction of boxes, which allow the development of plants
and trees in extreme drought zones and a condenser that captures the water vapor from the air. The condenser is portable,
noiseless, inexpensive and can be connected to a photovoltaic panel and produces up to 250 mL of water per day. It was selected
for the national exhibition of the prize science in the school of the llidio Pinho Foundation 2018.

It was also selected for the aforementioned national exhibition the project Avoid Fires in Portugal: A Pedagogical Contribution,
which involved the ESTC in the preparation and organization of ten laboratory activities for 500 preschool and 1°¢ cycle students.
A laboratory activity guide for teachers and a calendar of 2019 with the activities carried out were also developed and validated.
Its marketing yielded 1000 euros which will be used for the reforestation of a burning area.

Finally, the project Measuring of the Gravitational Acceleration with the Accuracy of Two Decimal places, with budget up to 5
euros, forced the students to test various devices so as not to exceed the budget. With this project they won the 2" prize “ATLAS
do Saber 2018”. The need to test different equipment allowed a student-centred active learning.

REFERENCES

Berg, R.E. (1991). Pendulum waves: A demonstration of wave motion using pendula. American Journal of Physics, 59(2), 186-187.

Cicchelli, T. (1983). Forms and functions of instruction patterns: Direct and nondirect. Instructional Science, 12, 43-53.

Leite, L. (2001). Contributos para uma utilizacdo mais fundamentada do trabalho laboratorial no ensino das ciéncias. Cadernos
Diddcticos de Ciéncias, 1, 79-97. Lisboa: Ministério da Educa¢do — Departamento do Ensino Secundario.

Soares, A. A, Teixeira, J. J. & Caramelo, L. (2015). Combustdo livre de Hidrogénio. In Atas da 19.¢ Conferencia Nacional de Fisica e
24.2 Encontro Ibérico para o Ensino da Fisica, (pp. 153-155). Lisboa: IST Press.

Teixeira, J. J., & Soares, A. A. (2010). Clube do Ensino Experimental das Ciéncias: Um Espaco de Educacdo Ndo-formal e de
Exploracdo de Atividades llustrativas. In Livro de Resumos do V Encontro Afi, (pp. 27-31). Chaves: Universidade de Aveiro.

Teixeira, J. J., & Soares, A. A. (2015). Clube do ensino experimental das ciéncias: um espago de promogao de ciéncia e tecnologia.
In Atas da 19.2 Conferencia Nacional de Fisica e 24.2 Encontro Ibérico para o Ensino da Fisica, (pp. 183-184). Lisboa: IST
Press.

Teixeira, J. J., & Soares, A. A. (2015). Combustdo da vela dentro de um copo invertido sobre uma tina com 4gua: uma atividade

simples com explicagdo complexa. In Atas da 19.9 Conferencia Nacional de Fisica e 24.2 Encontro Ibérico para o Ensino da
Fisica, (pp. 185-187). Lisboa: IST Press.
Teixeira, J. J., Soares, A. A., & Caramelo, L. (2012). Efeito ondulatério no movimento de um conjunto de péndulos. In Atas da 18.¢
Conferencia Nacional de Fisica e 22° Encontro Ibérico para o Ensino da Fisica, (pp. 90-93). Aveiro: Universidade de Aveiro.
Teixeira, J. J., Soares, A. A., & Caramelo, L. (2015). Clube do ensino experimental das ciéncias no agrupamento de escolas Ferndo
de Magalhaes. Interacg¢des, Vol. 11(39), 552-563.

Teixeira, J. J., Teixeira, L., & Soares, A. A. (2016a). Combustdo da vela: atividades realizadas na educagdo pré-escolar e no 1.2 ciclo
do ensino bdsico In Atas da 20.2 Conferencia Nacional de Fisica e 262 Encontro Ibérico para o Ensino da Fisica, (pp.181-
186). Braga: Universidade do Minho.

Teixeira, J. J., Teixeira, L., & Soares, A. A. (2016b). Utilizacdo de instrumentos antigos no processo ensino/aprendizagem da Fisica.
Sensos-e, Vol. lll (2). http://sensos-e.ese.ipp.pt/?p=13003

Visdo (2014. Fisica e Quimica: O patinho feio. Retreived from: http://visao.sapo.pt/ actualidade/sociedade/fisica-e-quimica-o-
patinho-feio=f802016



	5-art-sep-PROPOSTA DE UMA METODOLOGIA Armando Soares - EN - educação
	5-art PROPOSTA DE UMA METODOLOGIA Armando Soares - EN - educação-FINAL

