Identifying and developing teachers' competencies for
integrating a robotic environment in Science Education
Abstract
This study focused on technological, pedagogical, and scientific competencies required for the
implementation of robotic activities in science education. The purpose of the study is to
investigate the effects of the teachers' development program on the participating science
teachers' competencies, self-efficacy, beliefs, and attitudes towards integrating robotic
activities in science education. Middle school science teachers will participate in the program
which was organized to promote their acquisition of the competencies necessary for the
development and implementation of robotics activities suitable for science education. The
study will carry out through qualitative and quantitative research methods. The data sources
are questionnaires, observations, worksheets, teachers' reports, and interviews.
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Introduction
In recent years studies have identified the benefits of integrating robotics as an
educational tool in schools that promotes active learning and motivates students (Castro et al.,
2018; Susilo et al., 2016). In addition, empirical evidence demonstrated the educational
effectiveness of robotics as an educational tool in science lessons, helping learners
understand abstract content tangibly (Chen et al., 2017; Kay et al., 2014; Kazakoff et al., 2013;
Master et al., 2017; NGSS Lead States, 2013; Ziaeefard et al., 2017). Nevertheless, due to a
lack of competencies and low self-efficacy, not many science teachers utilize a robotic
environment in their teaching (Rahman et al., 2017; You et al., 2021).
This gap points to the importance of preparing science teachers to teach in a robotic
environment (Atmatzidou et al., 2018; You et al., 2021; Ziaeefard et al., 2017). Teachers need
to know not only how to operate robots but also how to integrate them effectively into their
teaching. They need to be confident in using technology, know the content they want to teach,
and effectively use the pedagogical strategies required to teach the content in general and with
the technology in particular (Archambault & Crippen, 2009; Igel et al., 2012; You et al., 2021).
Thus, teachers' preparation program that develops competencies and raises the sense
of self-efficacy may increase the feasibility of a broader application of robotics in science
education.

Research Goals and Questions
This research aims to identify the competencies needed for teaching science in a
robotic environment and design a teachers' development program for middle school teachers
for developing these competencies. The program will be designed following the principles of
constructivism, constructionism, and the TPACK model.
The research questions are:
1) What are the technological, pedagogical, and scientific competencies required for
teaching science in a robotic environment?
2) How did teachers' competencies and self-efficacy for integrating robotic activities in
science education developed as a result of their experience in the teachers'
development program?
3) How did teachers' attitudes toward the integration of robotic activities in science
education change as a result of their experience in the teachers' development
program?
4) What are the relationships between teachers' competencies, self-efficacy, beliefs, and
attitudes towards integrating robotic activities in science education?

Preliminary Results
In February 2020, thirty teachers from the Arabic sector participated in a pilot study.
The study focused on middle school science teachers. A training workshop "Science studies
in a robotic environment" was given at The Center for Professional Development for Teaching
Staff in Science and Technology in Shlomi to teachers from all over the country. The teachers
learned physical concepts such as velocity and acceleration through experimental activities in
a robotic environment. The purpose of the workshop was to expose science teachers to
robotics and to motivate them to integrate robotic activities in science education. The workshop
consisted of one laboratory session and lasted 8 hours. It included a short lecture and handson experimentation. During a specially designed workshop, teachers tested kinematics of the
robot's straight-line motion, tested kinematics of the robot's accelerated motion, constructed a
shooting component, and tested ballistic movement. The workshop was conducted in
computer laboratories equipped also with LEGO NXT robot kits.
At the end of the workshop, we administered attitude questionnaires. Positive results
of the questionnaire analysis indicate the potential of the proposed approach. Preliminary
results suggest that the workshop positively affected teachers' attitudes about robotics in
science classes. Additionally, after the pilot study, the teachers’ attitudes and perceptions
regarding robotics training have improved. It can be suggested that in-service teachers training
programs should be developed for teachers to raise their awareness of the necessity of

robotics education, raise a sense of self-efficacy to teach science in a robotic environment,
and enhance their competencies for integrating a robotic environment in science education.
These positive results of the study indicate the desirability of its further exploration.
Next, a teacher development program will be given at the "Pisaga" ( )פסג"הcenters, a
regional institution for the development of teaching staff in the education system in Israel, in
the north of the country. To answer the research question, a multi-case participatory study will
be performed. The study will utilize a mixed-methods approach combining quantitative and
qualitative research methods. We will use questionnaires, observations, worksheets, teachers'
reports, and interviews.

Contribution
On the theoretical side, this research has the potential to identify the technological,
pedagogical, and scientific competencies required of teachers to implement robotic activities
in science education. In addition, this study will also contribute to the literature on developing
these competencies in science teachers' education. Furthermore, this study will add to the
literature regarding the effectiveness and feasibility of integrating robotics for learning different
fields of knowledge like science, technology, engineering, mathematics, and computer
science. On the practical side, the study may offer a model for teachers' development
programs that prepares science teachers to integrate robotics activities in their classrooms. It
will be possible to adjust the syllabus for other disciplines within and outside science education.
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