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Abstract. This paper presents and discusses the design and experimentation of a teacher training course on a set
of digital and methodological tools aimed at enhancing the teaching and learning of STEM in a problem solving
perspective at secondary school level. The course included face-to-face lessons, online meetings, assignment
submissions, group-work, laboratories, and the application of the methodologies learned in the classroom. It
was attended by 39 teachers in the 2077/2018 school year. Data about appreciation and effectiveness of the
training modalities and the perceived usefulness of the proposed methodologies for learning, collected through
questionnaires, are analyzed and discussed, with the purpase of gaining insights into how to prepare teachers
to integrate technology and problem solving in the curriculum.
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1. Introduction and theoretical framework

In STEM (Science, Technology, Engineering, Mathematics) education, even at secondary

level, an approach based on interdisciplinary problem solving is highly recommended: it

consists of using real-world relevant problems as core units, around which meaningful
contents can be developed. This teaching method facilitates the development of
disciplinary competences and soft skills, such as teamwork, self-regulation and problem-
solving attitude, which are more and more important for employment. Digital technologies
enable students to tackle relevant problems, as they can support data analysis, modeling

and exploration (Carreira et al., 2016).

Our research group, who works on digital education at the University of Turin,
proposes a set of technological and methodological tools aimed at enhancing the teaching
and learning of STEM in a problem solving perspective:

+ the use of an Advanced Computing Environment (ACE) for problem solving. An ACE is a
system able to perform numeric and symbolic computation, ge-ometric visualization in
2 and 3 dimensions, embedding of interactive com-ponents and programming (Barana
etal., 2017a);

« formative assessment with an Automatic Assessment System (AAS). In par-ticular, we
propose the use of contextualized tasks with an AAS, whose ques-tions are based on
algorithms which support the creation of formulas, graphs, random parameters and
open mathematical answers automatically assessed for their equivalence to the correct

solution. Immediate and inter-active feedback elicit the development of problem solving
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strategies (Barana et al., 2018);

+ theintegration of interactive materials into a Digital Learning Environment (DLE), whe-
re students can practice teamwork, self and peer assessment in a learning community.
[talian teachers, whose average age is among the oldest in Europe, are not used to en-
compassing these methodologies in teaching: they need to be properly trained in or-
der to efficiently use innovative technologies in their daily practice. One of the most
widespread models for training teachers to integrate technology into teaching is the
TPACK (Technological, Pedagogical And Content Knowledge) model. It suggests to as-
semble three kinds of knowledge in teacher training: the technical use of the tools, the
pedagogical aspects related to learning with technologies, and the disciplinary sphere
of knowledge (Voogt & McKenney, 2017). We believe that a deep knowledge is cer-
tainly necessary, but not sufficient in order to prepare teachers to actually integrate the
technology in their lessons. They need support when putting into practice what they
learned, and reflection on practice in order to analyze their actions and improve their
methods. They need to feel assisted, by experts and by colleagues, they need to fill part

of a community they can rely on.

2. Methodology
Bearing this framework in mind, we designed a teacher training course for STEM secondary
school teachers, called “STEM TRAINING”, on the use of the technological and methodo-
logical set of tools above mentioned in interdisciplinary problem solving activities. The trai-
ning course was shaped according to the model of teacher training developed by our research
group (Barana et al., 2017b). It includes face-to-face lessons, online meetings, assignment
submissions, group-work, laboratories, and the application of the methodologies learned in
the classroom. The structure of the course is the following:

+ 5 face-to-face weekly meetings lasting 3 hours each, held by trainees who in-troduced
teachers to problem posing, problem solving, the creation of a digi-tal environment for
students, the use of an ACE for problem solving, forma-tive assessment with an AAS.
During the meetings, teachers could work, in-dividually or in groups, towards the crea-
tion of didactic materials. After each meeting, teachers had to submit a didactic material
related to the topic of the meeting, to be used with their students;

+ a virtual community of practice was created in an e-learning platform where teachers
could collaborate in the creation of digital materials, have access to the training mate-
rials and ask for the tutors’ support;

+ 10 weekly online meetings, lasting one hour each, aimed at deepening the topics dealt
with in the course. The meetings were held through a web-conference tool which allo-
wed tutors to share their desktop and teachers to interact through voice and chat;

+ 10 afternoon laboratories, lasting 3 hours each, on specific disciplinary or in-terdisci-
plinary topics, such as Physics and Science experiments, program-ming languages, data
base management systems or virtual simulation labs;

+ experimentation of the materials produced according to the methodologies presented

with the teachers’ classes.
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STEM TRAINING was activated in the 2017/2018 school year, from November to May.
It was promoted by ReLiSPi, the scientific high schools network of Piedmont, but it was
open to teachers of all lower and upper secondary schools.

Teachers could attend the different parts of the course according to their interests;
at the end of the course they received a certification testifying the number of hours
dedicated to the training. Time spent in asynchronous work was taken into account as
well: each submission of didactic materials (those required after the face-to-face meetings)
accounted for 3 training hours, while the experimentation of each activity with the class
accounted for 5 hours.

Before and after each training part, teachers were asked to fill in brief questionnaires,
inquiring about the appreciation and effectiveness of the training modalities and the
perceived usefulness of the proposed methodologies for learning. There was room for
reflecting about classroom episodes, both through the questionnaires’ items and in the

online forums, where teachers could share their experiences and discuss them.

3. Results and conclusions

39 teachers enrolled in the course; 5 of them taught Mathematics and Science at lower
secondary schools while the others taught different STEM subjects at upper secondary
schools, including Mathematics, Physics, Science and Technical disciplines; moreover, 2
Philosophy teachers joined the course, as they were interested in the scientific approach
to problem solving and in interdisciplinary issues.

Most of the teachers regularly attended the course’s activities; the average number
of training hours certified at the end of the course was 37.16 with a standard deviation
of 18.20, ranging from 6 (a couple of teachers only attended 2 face-to-face meetings) to
67 (the most assiduous attenders). Data from the questionnaires show that they largely
appreciated the training modalities (they evaluated them with 4 points out of 5 in a
Likert-scale), in particular working with teachers of other disciplines and the possibility
to create and share teaching materials. After experimenting the innovative methodologies
with their students, the teachers assessed in a Likert scale from 1 to 5 the effectiveness
of these kinds of activities in relation to several didactic purposes. It resulted that the
DLE was considered useful to propose problems and exercises (mean: 4.2), to increase
students’ motivation (4.0) and their interest in studying (3.8). The ACE was considered
effective especially to better understand the contents (3.7) and to develop competence
(3.8), while the AAS to provide students with personalized feedback (4.3) and increase
their awareness of their abilities (4.2). Problem posing and solving was appreciated for
helping students develop reasoning and abstraction capabilities (4.5), critical thinking
(4.3) and teamwork skills (4.3).
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