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This paper aims to potentiate the teaching of mathematics through hands-on experimental activities at the primary school level and by promoting teachers' professional development, using innovative practices. A Teacher Design Research cycle involving a group of primary school teachers during one school year was performed. This cycle consists in teacher training sessions, including an introduction to science and mathematics content, hands-on workshops for teachers and also classroom interventions in order to promote experimental activities and observe teachers in action.

A particular case study of teacher Luísa will be presented. It was found that she gained motivation and self-confidence to innovate her practices, showing enhanced ability to perform experimental activities with her students.

Introduction

This paper aims to potentiate the teaching of mathematics, through hands-on student-centered experimental activities at the primary school level and by promoting teachers' professional development using innovative practices.

Several studies show the importance of teaching mathematics and science through experimental activities in the early years of schooling to motivate the younger generations to scientific and technological areas, considered crucial for economic development and scientific literacy [START_REF] Coll | The influence of educational context on science learning: A cross-national analysis of PISA[END_REF][START_REF] Hallstrom | The study of technology as a field of knowledge in general education: Historical insights and methodological considerations from a swedish case study, 1842-2010[END_REF][START_REF] Osborne | An argument for arguments in science classes[END_REF][START_REF] Perera | Parents attitudes towards science and their children's science achievement[END_REF]. [START_REF] Treacy | Authentic Integration: a model for integrating mathematics and science in the classroom[END_REF] also refer to scarce research about the integration of mathematics and science in classroom contexts as well as the lack of a widely-adopted teaching model. These authors advocate that "hands-on, practical, student-centered tasks should form a central element when designing an effective model for the integration of mathematics and science" (p. 1).

This study is part of a first round of a Teacher Design Research programme involving a group of primary school teachers in a cluster of schools of a region of central Portugal, held during the 2015/2016 school year. This experiment was carried out in the framework of a pedagogic intervention project that aims at introducing new methodologies to promote the learning of mathematics and science through hands-on experimentation and using the "inquiry" method.

To achieve this purpose, a lifelong training course was designed, with the collaboration of university researchers and a formation center, to include mathematics and science hands-on workshops, in order to help teachers develop their teaching skills and update their knowledge on these topics.
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In this study, a particular case of a teacher, who used one of the proposed science experimental activities, to explore mathematical concepts and student-centered tasks, using the inquiry-based and problem-solving approach, will be presented.

Literature review

The great lack of professionals in the STEM (Science, Technology, Engineering and Mathematics) areas must be countered with an intervention at the level of the early years of schooling, being crucial to provide quality scientific practices [START_REF] Dejarnette | America's children: Providing early exposure to STEM (science, technology, engineering, and math) initiatives[END_REF][START_REF] Eshach | Should science be taught in early childhood[END_REF][START_REF] Johnston | Early explorations in science: Exploring primary science and technology[END_REF][START_REF] Johnston | Early explorations in science: Exploring primary science and technology[END_REF]. The incorporation of hands-on experimental activities into the classroom, with scientifically well-prepared adults, lead to significant improvements in performance and produce positive attitudes towards science and learning [START_REF] Mody | Scientific practice and science education[END_REF][START_REF] Myers Spencer | Playgrounds for the mind[END_REF].

The inquiry approach calls on the natural curiosity of children and develop their creativity and critical questioning at an age when they have the urge to discover the world around them [START_REF] Alake-Tuenter | Inquiry-based science education competencies of primary school teachers: A literature study and critical review of the American National Science Education Standards[END_REF][START_REF] Krogh | The Early Childhood Curriculum Inquiry Learning Through Integration[END_REF][START_REF] Rocard | Science education now: A renewed pedagogy for the future of Europe[END_REF].

Teachers are the cornerstone of any renewal of science education and being part of a network motivates them, contributes to improve the quality of teaching and promotes the sustainability of their professional development [START_REF] Abell | Handbook of research on science education[END_REF][START_REF] Rocard | Science education now: A renewed pedagogy for the future of Europe[END_REF][START_REF] Zehetmeier | Ways of promoting the sustainability of mathematics teachers' professional development[END_REF]. [START_REF] Martins | Inovar o ensino para promover a aprendizagem das ciências no 1.º Ciclo[END_REF] claims to be a priority to strengthen investment in scientific research in the field of science education in the early years of schooling and continuing teacher training. [START_REF] Murphy | Than just talking: Irish children's views of primary school science[END_REF] recommend a professional development for teachers that will allow them to enhance their conceptual and pedagogic knowledge on the inquiry-based approach. [START_REF] Ball | Mathematics in the 21 st century: What mathematical knowledge is needed for teaching mathematics[END_REF] says that an intervention to combat failure in math's performance will only be effective if it is focused on teaching methods: "No curriculum teaches itself and standards do not operate independently of professionals' use of them" (Ball, 2003, p. 1). [START_REF] Ball | Content knowledge for teaching what makes it special[END_REF] investigated competences that are required to teach and developed an empirical approach to determine the content knowledge needed for teaching (figure 1). [START_REF] Ball | Mathematics in the 21 st century: What mathematical knowledge is needed for teaching mathematics[END_REF] concludes that to improve children's mathematical learning, it is crucial to provide learning opportunities to teachers such as tailored courses, workshops and well-designed and taught materials. [START_REF] Afonso | Processos de formação e sua relação com o desenvolvimento profissional dos professores[END_REF] recommend that teachers should be given the opportunity to explore and experiment the contents to be developed in class in a reflective, collaborative environment where they feel supported. Also, [START_REF] Kuzle | A protocol for analysing mathematics teacher educators' practices[END_REF] sustain the importance of "stimulate cooperation among the participants, and between the participants and the professional developer" (p. 2849).

Methodology Teacher Design Research

Teacher Design Research (TDR) [START_REF] Kelly | Handbook of design research methods in education: Innovations in science, technology, engineering, and mathematics learning and teaching[END_REF] aims to promote the development of teachers as adaptive experts, using inquiry. This approach involves a collaborative work with research teams and teachers participating in the process, with the main objective to promote their professional development, leading them to innovate their practices and improve the whole teaching and learning process. The TDR premise is that the involvement of teachers in long-term (e.g. one year) design research periods can promote in-depth content learning and improve their ability to adapt to classroom environment and rethink their teaching beliefs and practices.

The pilot experiment: First cycle of the TDR

A pilot experiment with primary school teachers has been conducted in the academic year 2015/2016. This experiment included continuous training sessions where proposals of new content and experimental mathematics and science hands-on activities, to be used in the classroom, have been put forward. The teachers had the opportunity to explore the content and manipulate the materials to be able to apply them later with their students. In addition, the instructors also visited the trainees' own classroom to carry out experimental activities to exemplify them, and observe the teachers in action with their students. The teachers have also been encouraged to develop their autonomy by creating and implementing their own experimental activities.

Focus Group (FG) [START_REF] Williams | The use of focus group methodology in education: Some theoretical and practical considerations[END_REF] was one of the working methodologies used throughout the training sessions to support the teachers and improve their practices. The last session was mainly focused on FG to promote reflection on the practices developed and make proposals for the following cycles of TDR. "Innovations need to be owned by the person implementing them on a personal level and transformed into their own practice in order to have practical effect" (Zehetmeier, Andreitz, Erlacher, & Rauch, 2015, p. 168).

This paper describes the case study of teacher Luísa (fictitious name) who participated in the study, proposed and carried out math-based activities using the inquiry method.

Participants

The participants in the pilot project comprised 14 teachers of 5 primary schools. These teachers participated in a first round of design research beginning in September 2015 and ending in July 2016. In this paper, we will study teacher Luísa who is 56 years old, has 37 years of service and is in charge of a third-year grade class with 25 students aged 8 and 9 years.

Data collection

Data collection consisted in observations (first author of the paper was a participant observer), semistructured interviews, written records, and video [START_REF] Cohen | Research Methods in Education[END_REF]. The action took place in two main moments: workshops with the teachers (to learn and practice what they are expected to implement) and at their classrooms (to support and observe them in action). At the end of the training action, the participant teachers presented a written report, with a critical account on the pilot experiment and their proposals of innovative practices.

Data analysis and discussion

Teacher Luísa participated in the first TDR round. For about nine months, she attended the continuing training programme that consisted of seven workshops with, 3 to 4-hours duration, which introduced content, hands-on activities and methods of implementation in the classroom.

The first experimental activities carried out on the workshops was about electricity (http://www.academiacap.ipt.pt/pt/atividades/ciencia/fisica/77/). Before the intervention, Luísa completed a questionnaire that characterized her and her class. On the questionnaire, she refers that "the experimental aspect was not addressed in my graduation course" and "in the complementary training program (BA-equivalent degree) I attended it was dealt with only too briefly". Although she has attended several training sessions throughout her career, none of them was about electricity.

In the course of the training programme, Luísa was very participatory showing a great interest in the tasks performed. However, on several occasions she stated that: "I'm not comfortable to teach some of the content because I don't have full mastery of concepts and techniques and don't know how to apply them". She also admitted that: "I'm not able to handle some of the materials used in the experimental activities". As early as in the first sessions she posed a series of questions such as: "What if the students ask me a question about this theme and I don't know the answer?" or "And what if an experiment does not yield the expected results?"

In addition to concerns about specialized content knowledge, the teacher also reveals concerns about pedagogical content knowledge. These insecurities have led us to rethink the approach to content and experimental activities, because we realized that it was very important to adapt training to the knowledge and the needs of the teacher, to make her feel secure and motivated to implement the tasks. We also realized that she gives great importance to specialized content knowledge and that she hardly will perform experiments that involve concepts she does not fully understand.

Given the great commitment of teacher Luísa to learn and her pedagogical concerns, she has been selected to receive the trainers in her own classroom to carry out experimental activities with her students, to exemplify the experiments, support the teacher and observe her in action.

During the intervention in the classroom, we have observed that teacher Luísa had a posture of inquiry, making questions to her students to guide them through the tasks, leading them to investigate, in order to find answers to the questions. It was interesting to observe Luísa making a reflection with her students, questioning them about the classroom hands-on activities, what they had learned, and what they would like to explore in the next experiments. Observations and interviews revealed she has a good knowledge of her students and knows how to introduce and adequate the content to each of them, according to their individual needs (KCS and KCT).

Two more sessions with teacher Luísa's students have been held which included tasks not covered by the training course with the other teachers. She again felt insecure and reported that she wouldn't be able to implement it without the support of the instructors. This shows the importance of the training workshops with the teachers before going to their classroom.

It has been suggested to her that she should propose activities involving mathematical content. Due to the difficulty shown by the teacher to achieve this objective, the researchers proposed a worksheet in which, based on experimental records like weigh, fruit diameter, potential difference measurements, it was possible to address the topic "organization and processing of data" that is part of the primary school syllabus. With this proposal, the teacher created some tasks (figures 2, 3 and 4). Figure 2 shows the method used by the teacher to propose mathematical problems, based on the classroom experiment performed by the team of instructors. In writing "electromagnet" she is showing that she knows the content acquired in training but she chooses to present mainly math specific content: problems involving operations, specially multiplication.

When you used the nail in the electromagnet it was wrapped in copper wire. I unwrapped one and measured the wire. It measured 40 cm.

1. How many meters of wire were needed for the whole class? 2. One meter of wire costs 5 euros. How much was spent to wrap all the nails? Based on the same experiment Luísa was invited to suggest tasks for data handling and processing, but she decided to collect data with her students (Figure 3) for further processing (Figure 4). This attitude shows some autonomy on the part of the teacher to propose activities that are not provided for, in the school books. It also shows ability to adapt content to the specific needs of students. On the other hand, this could mean some resistance in using an experiment that was not familiar, preferring to use a context where she felt more comfortable, i.e. collecting data from the students. A possible explanation can be drawn from her report, where she shows lack of SCK:

However, and given the nature of the subject matter addressed and the tools used, I do not feel comfortable to implement, in a natural/individual and consolidated process, many of the tasks proposed. (Teacher Luísa final report)

It also appears that she realized the importance of finding new ways of teaching math as she says in her report that math is part of day-to-day life: "The math activities performed in the class gained a new meaning as it was applied to practical real-life situations of individual students to complete the tasks proposed" (Teacher Luísa final report).

Luísa gained SCK and KCT, showing ability to do research, particularly on the internet, collecting information that she uses to make new approaches on teaching:

(…) finding new ways of teaching math so that people understand that we think mathematically all the time and solve problems at several moments during the day (…) Math is thus part of our life and can be learned in a dynamic, challenging and funny way. (Teacher Luísa final report)

Finally, the teacher recognizes the impact of the project on her students:

The class revealed very motivated when completing the tasks proposed by the instructors.

The students adopted a cooperative, experimental attitude in which failure was regarded as a part of the scientific process. (Teacher Luísa final report)

In fact, student's comments such as "this is the best experience of my life" "this is awesome", "you should come more often", among others, had impact on teacher Luísa motivation, contributing to make her recognize the importance of implementing hand-on experiments.

Final considerations

Visits to the classroom to support the teacher during the implementation of the experimental activities revealed very useful to improve teacher knowledge and confidence. Also, the enthusiasm, involvement and participation of the students in the classroom activities (mentioned in the teacher's final report) served to raise her awareness to the importance/relevance of these approaches. Such motivation has been observed in teacher Luísa who gained confidence to innovate her practices after receiving training and guidance. This teacher developed and implemented hands-on experimental activities with her students in classroom context, exploring their curiosity (using inquiry) and proposing problems requiring the use of math.

Although she created mathematics hands-on experiments, there still was, on the part of the teacher, some lack of confidence to innovate without the support of instructors. Like her, almost all teachers who participated in the continuous professional course suggested, during the final FG, that some of the experimental activities should be carried out by the instructors in their classrooms. All teachers were reluctant to propose innovative activities promoting by resorting to the inquiry method. It was noted that strong encouragement and responses on the part of the instructors were required to make the teachers change habitual teaching practices. However, throughout the sessions increased trust of teachers on their instructors and a better response to the tasks proposed has been observed.

It follows therefore that it is necessary to invest more in training and monitoring of teachers to further engage them in these approaches and improve their confidence and autonomy. Special mention should be made to the importance of getting the teachers to work out the activities before implementing them. Finally, it is concluded that this is a process that takes some time to be implemented and further work is needed to achieve the desired results.

Figure 1 :

 1 Figure 1: Mathematical knowledge needed for effective instruction (Ball, Thames, & Phelps, 2008)

Figure 2 :

 2 Figure 2: Math exercises suggested and implemented by teacher Luísa inspired by the activity performed in the classroom by the instructors

Figure 3 :Figure 4 :

 34 Figure 3: Recording of heights and weights of the students in teacher Luísa's class
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