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ABSTRACT
The availability of ICT has raised the issue of meaningful use of Mobile
technologies (smartphones, tablets, sensors, data loggers, data collectors, as
well as other devices and options) in the teaching/learning process of physics
to deepen the students' knowledge and develop their research skills. Mobile
technologies are constantly and rapidly evolving, and there is practically no
social domain where they are not used, including education. Thus, the
acquisition of mobile technology usage skills is an integral part of the learning
process in a modern school. Education experts are now emphasizing not only
the integration of Mobile technologies into the learning process but also the
need to improve the efficiency of the learning process for both teachers and
students. Success is based not only on what or how much one knows, but also
on one's ability to think and act creatively. Mobile technology-based learning
process is based on the Educational Technology Competency Standards for
Teachers and accentuates the demand for improving teachers’ technology
skills and with a focus on knowledge and capacity building.
This paper summarizes the research on the use of Mobile technologies in
teaching physics in Latvia for the last nine years, as well as analyses the issues
and suggestions for improving the process. A pedagogical experiment is
conducted based on pre-planned and prepared participation in the learning
process.
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1.

Introduction

The focus is on the universal soldiers – the teachers, and their work environments – education institutions. In
this technological age, solutions are easily accessible. It is possible to observe and instantly evaluate the
performance of the whole class and each student individually, and the control of the available content, as well
as the users, is essential [1]. The challenge here is the introduction of a learning-based solution for achieving
goals and choosing the right mobile technologies, as well as developing a complex technology-based
environment to support and enhance the learning process. The aim of physics as a subject in general
secondary education is "to deepen the understanding of physical processes in nature and technology, to
improve the research skills and to promote the students' co-responsible attitude towards sustainable public
development" [2], [3]. Various experts predict which technologies will be the most relevant in education in
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the future [4], and it is the mobile technologies that open the window for a new kind of learning and
performance support, providing access to information, processes, and communication anytime and anywhere
[5]. Therefore, it has become an essential and challenging issue to place students in a series of designed
lessons that combine both real-world and digital-world learning resources [5], [6]. Bloom’s taxonomy
subdivides the academic skills that students might need into six different categories, listed below [7].
- Basic knowledge: memorizing facts, figures, and basic processes.
- Secondary comprehension: understanding and illustrating the facts.
- Application: generalizing the facts to other contexts and situations.
- Analysis: understanding why the facts are the way they are; breaking problems down.
- Synthesis: making connections between different elements on one’s own.
- Evaluation: critically using one’s knowledge to ascertain the quality of information [7], [8].
There is practically no comprehensive research in Latvia on the impact of the use of mobile technologies on
the physics learning process and the development of academic skills. The study “Challenges and
Opportunities for Implementing an Innovative School System Structure” conducted by Microsoft Latvia and
Laboratory of Analytical Research and Strategies showed that, if technologies are used purposefully, they
offer vast stimulates the development of the process [9]. However, the lack of appropriate teaching materials
in the Latvian language is a significant obstacle in the use of technology during lessons, as the preparation of
such materials by the teachers, themselves requires both a high level of competence and a considerable time
investment [9], [10]. This means that the teachers of physics often do not have sufficient methodological
support and practice in the purposeful use of mobile technologies in the teaching process. This necessitates the
improvement and development of appropriate methodological materials, considering the problems identified
in practice. In Europe and the rest of the world, many comprehensive studies have been carried out on the use
of information technology in the learning process, including the use of mobile technologies [11], [12], [13].
One of the conclusions of the researchers is that the use of technologies for the development of skills
necessary for young people when entering the 21st-century job market requires not only investment in
technology acquisition, but also coordination of the subject content and its teaching methodology. Schoolnet, a
network of European Ministries of Education, has compiled the results of 17 studies carried out in various
European countries in recent years to determine the impact of technology-based learning on the students’
academic achievement levels [14]. Unfortunately, as the Ministry of Education of Latvia is involved in this
organization, the report does not reflect the research carried out in Latvia.
2.

Tools and methods

The research was conducted using surveys, external lesson observations, and focus group discussions for the
analysis of the professional development needs of physics teachers. The methods used in the development of
support materials were an analysis of scientific and educational literature. The methods used for the pilot
study of the educational materials were piloting of materials in the study process and professional
development classes, assessment of teachers according to a unified methodology, evaluation by experts,
external lesson observations. A survey of physics teachers was carried out in order to determine what aspects
of professional development they would be interested in. The present study was based on the quantitative
research methodology. The data collected for quantitative research using questionnaires requires special care
because it is not enough to obtain responses on the issues of interest; it is also crucial to perform a proper
statistical analysis to validate the results (using SPSS Statistics 19). The total number of participants (3764
students and 87 physics teachers) was deemed high enough to draw objective conclusions. The support
materials were developed and piloted for the teachers training courses in Riga State Gymnasium No. 3 and
Education and Information Services of Riga City (RIIMC) during the school years 2015/2016 and 2016/2017.
2.1. Mobile technologies resources in the teaching/learning process
When deciding to use mobile technologies in teaching physics, the teacher should be sure that this is the most
effective tool for a particular situation. For example, when studying the working principles of temperature
measuring instruments, a student, having watched the demonstration, should conclude what process underlies
its operation. The teacher should be able to determine whether the students understand the working principles
of the measuring instruments, such as making measurements with a liquid thermometer or a temperature
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sensor. When equipping schools with modern technologies, the primary challenge for the teacher is to learn
the technical aspects of their use, as well as and how to use them effectively in the physics learning process. In
order to deepen the understanding of the physical processes in nature and technology, students should see
these processes and should be able to analyze their manifestation, both by directly observing the procedures
and by indirectly analyzing the obtained data [14]. Several physical processes in nature and technology are
demonstrated by the teacher in the physics classroom where students are exploring them using various
"classical" demonstration tools and devices.
By implementing Mobile technologies (smartphones, tablets, mobile applications, sensors, data storage
devices, data cameras) into the physics teaching/learning process, it is possible to demonstrate and study
various fast and invisible real processes, for example, to obtain a sound wave recording with a microphone
sensor, to measure the quantity of the electric charge on the surface of the electrified bodies with an electric
charge sensor. Furthermore, it is possible to perform a research without human presence by recording data
over a more extended period of time, for example, by using temperature sensors to analyse the water cooling
process in containers made of different materials, or to determine how humidity levels change in the room
during a 24 hour cycle by using humidity sensors. The use of various mobile technology resources offers a
great variety of possibilities (see Table1).
Table 1. The different mobile technologies resources in the teaching/learning process.
Teaching/Learning process elements

Tools and resources
Voting devices with appropriate software
Interactive projector
Mobile applications
Wireless tablet, etc

Organizing an interactive learning.
Studying physical processes in nature and
technology,
recording
changes
in
the
characteristics of these processes and presenting
them graphically.

Demonstrating devices for detailed experiments to
the entire audience simultaneously.

Demonstrating and simulating physical processes.
Providing access to a wide variety of resources.
Processing the data - both for calculations, for the
visualization of results and for modeling processes.

Sensors
Data collectors &loggers
Mobile applications
Data camera
Web camera
Smartphones
Tablets
Data collectors &loggers
Mobile applications
Simulations and Animations
Virtual labs
Internet
Bluetooth
Sensor data processing software
Mobile applications
MS Excel

Sensors and mobile data collectors, smartphones and mobile applications in the physics teaching/learning
process make it possible to automatically record and store data obtained in different processes, as well as use
sensor-compliant software to process and analyze such data. The use of sensors and data storage devices with
computers, smartphones and mobile applications in the learning process is given the name of MBL
(microcomputer-based laboratory) [15], [17] or sensors computer lab. By working purposefully in the
computer lab, students develop and deepen their understanding of physical concepts and processes, gaining
information about the characteristics of the processes and their changes – both numerical data and graphical
characteristics change [15]. Moreover, students also gain experience in research work. They learn the way
scientists work.
As data registration takes place automatically, there is extra time in the learning process when students can
ask questions, predict the process and results of the process under different conditions, analyze the obtained
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data, draw conclusions and ask new questions. In doing so, they develop and improve their problem-solving
skills [16], as well as skills for plotting and analyzing graphics [15], [18], [19]. For example, by using a
motion sensor or mobile application, students get a graph with coordinates of a moving object and a speedtime graph online, observing a moving object or analyzing the given graphs, repeating the movement shown
in the graph. The sensor software or a mobile application features that ensure graphical representation of the
change of the characteristics in the observed process online are mentioned as the most significant benefit of
the technology-based learning process compared to the traditional way of work. [15], [20], [21]. Students
working in a sensor computer lab or mobile lab can follow the ongoing process, and the graphical
representation of its characteristics change at the same time, thus clearly linking the reality with the
mathematical description of the process. The sensor speed and ability to measure and record data with
multiple sensors, in turn, allow students to take more measurements during one lesson by testing their
hypotheses in practice, as well as changing the experimental conditions, to get a change in characteristics in
new conditions. The more students’ assumptions are tested experimentally, the deeper understanding of the
process they get [22], [23], [24]. Sensors, data collectors and smartphones are only digital devices, and while
researchers point out the impact of their purposeful use on student achievement, this impact, however,
depends on the careful organization of the learning process by the teacher: whether the learning process is
organized in such a way as to promote testing of new ideas, restructuring of previous knowledge and
establishing a link to the new experience [24], [25].
2.2. The stages of the research and the novelty of the research
Stage 1:
Analysis of the current situation and trends in the use of Mobile technology-based learning process in physics,
problem identification, research ideas, research goals and assignment of tasks, analysis of scientific literature,
elaboration of theoretical substantiation of the research.
Stage 2:
The study of the needs of professional physics teacher training, development of support materials and piloting
of results for purposeful mobile technology integration in the physics learning process; development and
piloting of professional development classes for further education courses for secondary school physics
teachers on the purposeful use of mobile technologies in the physics learning process.
The novelty of the research:
Advantages and disadvantages of the use of Mobile technologies (sensors, data collectors, mobile
applications) in the context of teaching physics content in Latvian schools were examined and described.
Recommendations for teachers’ professional development were developed, and professional development
materials were piloted.
3.

Results and discussion

A new trend can be observed in education: the focus is no longer on how to acquire the technical skills of
using mobile technology, but on the methodological skills of using mobile technology, which requires
continuous support from the school administration and a significant amount of time to invest directly in
developing the teachers’ professional competence, which in turn can be realized with appropriate learning
resources. When using technologies in order to develop young people’s skills necessary for the job market, it
is not enough to invest in the acquisition of technology; the use of technologies should also be aligned with
both the specific content of the subject and its teaching methodology. It is also necessary to take into account
that their integration in the learning process takes time - so that the teacher is able to acquire the opportunities
offered by technology-based teaching and learning both technically and methodically. The time necessary for
that will be different for young teachers who grew up in the technological age - they will need less time to
learn to use the software, while experienced teachers most probably will have to invest more time into
developing their skills. When using Mobile technologies, the teacher should organize an active learning
process, as in the active learning process, students' learning achievements are more important than in the
traditional learning process [26], [27].
3.1. The frequency of use of mobile technologies in the learning process
Teachers of physics do not have sufficient methodological support and practice in the purposeful use of
Mobile technologies in the learning process. The frequency of technology use and purposefulness in the
learning process are often discussed (see Figure 1 and Figure 2).
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Figure 1. The frequency of use of mobile technologies in the teaching process (teachers' answers, %).

Figure 2. The frequency of use of mobile technologies in the learning process (students' answers, %).
Teachers' responses to the development of their and students’ mobile technology skills:
During the last two years, my skills in using Mobile technologies in the learning process have
improved.
I use Mobile technologies purposefully in my lessons.
By comparing the answers provided by the school administration and the teachers, it can be concluded that the
teachers appreciate the purposeful use of Mobile technologies in the lesson (96.5%), while the school
administration’s responses vary (55.2%). The difference can be explained by the fact that teachers feel
confident about the purposes for which they use mobile technology in lessons. Moreover, the teachers also
believe that they are using Mobile technologies purposefully (75.23%), while the administration estimates that
the purposeful use of mobile technologies takes place in fewer cases (37.4%). These results show a different
understanding of teachers and school administration regarding the purposeful use of mobile technologies in
the learning process.
The most widely used tools are sensors, data collectors, data loggers, and smartphones with relevant
applications, so attention is paid to these technologies (see Figure 3).
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Figure 3. The most widely used tools (%) [28].
3.2. Mobile technologies in teachers' working environment
The availability of Mobile technologies (smartphones, tablets, sensors, data collectors, data loggers, and other
devices) in the classroom does not automatically guarantee results. Even more important is teachers’
accumulated experience in working with technology, including Mobile technologies and their software, and
the confidence of what students can do with the Mobile technologies in the learning process. If the teachers
are not sure, they will not offer their students the opportunity to work with the Mobile devices or will not be
convinced that the physical processes can also be studied with these devices. This can give the impression that
Mobile devices can be used in a lesson as some sort of toys. Thus, the most important role for the purposeful
introduction of Mobile technologies into the physics learning process belongs to teachers who should offer
and be able to explain the benefits of Mobile technologies to their students. This should be taken into account
when developing professional development courses for teachers. Having evaluated each teaching material,
teachers introduced their comments on the problems they observed, regarding the necessary improvements
and corrections in wording. The most important section for the development of the created support materials is
the direct comments, as in these sections teachers indicated which descriptions needed improvement. The use
of Mobile technologies in the learning process increases each year and is positively evaluated by students and
teachers. The several surveys were conducted between 2009 and 2017 (3764 students’ (17–19 age range) and
87 physics teachers’ questionnaires on physics lessons). In the last two years, Mobile technologies (see Figure
4) have become the most often used devices in physics classes with teachers making use of relevant
applications.

Figure 4. Mobile Technologies in Teachers' Working Environment, % [au-thor's research data]
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3.3. Criteria and indicators for evaluation of teachers support materials
Technical problems were mentioned as the most common issues with using Mobile technologies during
lessons, with teachers requiring help from ICT teachers or students since they do not have relevant skills.
Teachers also point out that it takes time to learn to use the equipment available in the school and plan a
lesson for the most efficient use of Mobile devices in the class. One of the most frequent answers to the
question of what help would be needed to effectively use the available Mobile technologies in the learning
process is more materials for Mobile technologies, methodological support if necessary, professional
development courses. Having evaluated each teaching material, teachers introduced their comments on the
problems they observed in an electronic environment, regarding the necessary improvements and corrections
in wording. Criteria and Indicators for the Evaluation of teachers support materials and descriptions (Table 2).
Table 2. Criteria and Indicators for Evaluation of teachers support materials.
Criteria
Overall technical quality.

The set of activities is
methodologically thought out,
systematic, correctly designed.

The materials are
methodologically correct.

4.

Indicators (evidence)
The material is well structured, clear.
The amount and layout of the included information is
appropriate, economical.
Gradual and continuous acquisition of research skills is
incorporated.
Assessment options are clear.
The included methodological comments are essential,
ensuring a clear procedure.
Tasks and rubrics are clear, unambiguous, and easy to
understand.
The correct use of academic and pedagogical terms is
observed.
Corresponds to the purpose of the material.
Individual parts of the activity are consistent and
interconnected.
The activity is safe for the students’ health and the
environment; it sets out the safety measures to be followed.
The equipment offered in the activity corresponds to the
modern learning process, it is available and economical.

Conclusion

Mobile technologies are constantly and rapidly evolving, and there is practically no social domain where they
would not be used, including education. Thus, the acquisition of mobile technology skills is an integral part of
the learning process in a modern school. Education experts are now placing the emphasis on not only
integrating mobile technologies into the teaching/ learning process but also on improving the efficiency of the
learning process for both teachers and students. The use of different mobile technology resources offers a lot
of possibilities:
organizing an interactive learning process;
studying physical processes in nature and technology, recording changes in the characteristics of
these processes and presenting them graphically;
demonstrating devices for detailed experiments to the entire audience simultaneously;
demonstrating and simulating physical processes;
providing access to a wide variety of resources;
processing the data - both for calculations, for the visualization of results and for modeling
processes.
When deciding to use mobile technologies in the physics learning process, the teacher should be sure that this
is the most effective tool in a particular situation. The current challenge is to apply these general principles to
a particular subject, to specific content and to a certain level of education.
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Physics teachers were surveyed in order to find out what they would like to add to their professional
development. The results showed that in most cases teachers pointed out eliminating the stress when working
with new technologies and mentioned learning how to perform demonstrations and laboratory work using
Mobiles technologies. The most frequent answer to the question of what help would be needed to effectively
use the available information technologies in the learning process: more materials in Latvian, methodological
support, professional development courses.
The school administration noted students’ successful use of mobile technologies and an increase in students’
motivation:
Students skilfully use the mobile application during lessons and doing their homework.
The use of Mobile technologies creates a willingness to work and often helps to understand the
importance of learning content.
Based on the results of the research, develop recommendations for professional development of physics
teachers for purposeful use of mobile technologies in teaching physics. A program has been developed and 24
x 2 = 48 hour courses for teachers (2 modules), 8 seminars, 6 workshops and 9 master classes conducted.
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