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Abstract—The electronization of education takes place integrally with the
social-sector digitalization processes. Moreover, this phenomenon applies to
both those who study and those who teach. Thus, a special place in the innova-
tion-driven learning environment is occupied by the professional development
courses for teachers. These courses are designed distinctive and technology-
based, with the elements of a distance learning approach. Together they make
up a special “blended” learning system, which implies a close relationship be-
tween conventional educational technologies and the distance learning tools.
This article describes a study conducted at the Elabuga Institute of Kazan Fed-
eral University on the blended learning model applications. The study was car-
ried out in 2016/2018 and involved 89 teachers of physics. The teacher-training
course used there is built on the basis of a LMS Moodle software and the learn-
ing outcomes of teachers indicate the effectiveness of blended physics teacher
training. The findings are relevant to both the educational institutions that are
on the path towards modernized refresher training and the faculty staff as they
serve an example of how new professional information may be perceived if the
information technologies are involved.

Keywords—Ilearning technologies; distance learning; e-learning; LMS Moodle,
physics.

1 Introduction

Changes that occur in the education system, as well as new modifications made on
the back of these changes, are a good reason for identifying new approaches and
teaching modes in order to prepare teachers for solving a variety of arising problems
[1]. In these circumstances, special attention should be paid to the advanced profes-
sional development of teachers [2]. At this point, refresher courses should be based on
modern learning technologies. Integrated online (usually distance courses) and tradi-
tional learning are one of the models of modern education [3]. This model is known as
blended learning.

In truth, there is no generally accepted classification of the specific blended learn-
ing models [1], [4]. The most common are Rotation models (Station Rotation, Lab
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Rotation, Individual Rotation, Flipped Classroom), Flex model, A La Carte model,
Enriched Virtual model.

Despite the differences, all existing models of blended learning lean the following
three pillars:

o Traditional direct face-to-face interaction between the participants of the leaching
and learning process.

e Technology-mediated interaction.

e Self-teaching.

It is believed that the technology of blended learning combines formal and infor-
mal learning, face-to-face and online communication, guided activity and independent
selection of a path towards personal goals and objectives [5], [6].

Blended learning is about teaching students how to make decisions, how to plan
and organize their activities independently, how to handle the online learning plat-
form, and how to search for, select and analyze the information [7]. The e-learning
component of blended learning can be put into practice by all manner of tools [8], [9],
including the social network, for example — the Facebook [10], [11]. In most cases,
however, teachers tend to apply various learning management systems (LMSs). These
systems are a complex of web-based software and hardware tools, teaching methods
and technical measures [12]. Currently, there are lots of such systems in the world, for
example — the BlackBoard, WebCT, Top-Class, Claroline, ILIAS, Desire2Learn,
Moodle, etc. [13] They allow teachers to create interactive e-learning courses that
contain all the necessary teaching and support aids, and tests [14]. The availability of
such courses provides an opportunity to take a blended learning approach effectively,
as a combination of traditional and distance e-learning [15].

Online learning platform, that is known as the Modular Object-Oriented Dynamic
Learning Environment (Moodle) is widespread in Russia, as well as in many other
countries. LMS Moodle has been effectively used in education for more than ten
years. Both universities [16], [17] and schools handle the platform and benefit from it
[18]. This system has become widespread over the years, in particular, in the field of
teaching physics at various levels of education [19], [20].

Distance learning becomes more popular from day to day, significantly expanding
the learning space [21] and allowing students to delve into university programs on a
deeper level [22]. Computer-based technologies allow participants in the learning
process to exchange information at any distance. Besides, such a learning mode has a
number of advantages over traditional one, as it provides students the opportunity to
learn at their own pace and within their own space [23]. Enhancing distance learning
is a problem nowadays because teachers are not ready for such an experience, they
lack IT competence and necessary skills to use computer-based online learning sys-
tems [24], [25]. In current settings, successes of distance learning is tied to how
teachers view the process. Some often question the effectiveness of online education
because of time factors and technical issues [26], [27]. We believe that adding some
of the elements of distance learning into refresher courses for teachers will raise their
trust with the said mode and give a boost to their IT competence development.
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Currently, it is beyond argument that various types of e-learning are good when it
comes to education quality improvement [28]-[30]. However, we believe that this
problem is little studied in the context of refreshercourses design for teachers. In par-
ticular, issues related to the optimal structure and content of e-courses, as well as to
the course-specific methods of their application, remain relevant and open. At the
same time, creating a comfortable e-learning environment for any course as a com-
munication system with high degree of interactivity is a significant and important
issue within the concept of blended learning. Thus, the purpose of this paper is to
study how the features of blended learning application through a LMS Moodle can be
put to design refresher courses for the physics teachers.

2 Method

2.1  Participants

The efficiency of blended refresher courses, designed for the physics teachers, was
studied at the Elabuga Institute of the Kazan Federal University in 2016-2017 and in
2017-2018. The advanced course syllabus was designed for teachers leading physics
courses under the programs for secondary general education.

The total number of course participants was 89 (28% — male participants, 62% —
female participants). All of them were working as schoolteachers of physics. The
average age of participants was 36 years. All respondents hold degrees in physics
education and because of this the study eliminates professionally inadequate judge-
ments. In addition, each respondent has at least 10 years of teaching experience,
which contributes to the accuracy of conclusions regarding the adaptability of the
suggested course to the school setting. Over the past 10 years, respondents have been
following the uniform national standards. Therefore, the research sample is homoge-
neous and the professional motives of respondents may be considered similar.

All participants were informed about the project objectives and content, as well as
about all the aspects of the research ethics. Participants gave written permission to use
some of their personal data as research material (biographical derails, photos).

2.2 Design

The modular syllabus of blended refresher courses designed for the physics teach-
ers contains the following blocks: modern educational standards, psycho-pedagogical
basics of professional activity, contextual and procedural aspects of professional ac-
tivity, and applied aspects of solving recent professional problems. These modules
contain all necessary learning materials: course syllabus; teacher guides containing
subject-specific teaching methodologies, current course guides, labs and tests. There
is also an interactive glossary; teaching aids, electronic problem books; lists of rec-
ommended literature available in the University library, hyperlinks to electronic
sources of information, electronic learning resources of other universities; discussion
forums; text and video files containing lectures.
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In addition to the on-site lecture module, this course includes a distance e-learning
module, designed in LMS Moodle. This system has proved to be quite effective in
different countries [31]-[33], in particular, when it comes to applying a blended learn-
ing approach during physics assignments [19], [34], [35].

The distance learning module has a certain structure, containing an outline and a
thematic part. It was designed to achieving a certain outcome while training teachers
to work in modern learning environment. Thus, outline contains introductory videos,
schedule, syllabus, short compendium, project topics, general teacher/student guide-
lines and a glossary. It also contains a list of related topics, a news forum and a dis-
cussion forum.

Each thematic part contains the following elements: the necessary theoretical mate-
rial, hands-on material, various independent assignments, tests, and a list of recom-
mended periodicals, as well as hyperlinks to electronic sources of information. The
courses were tuned with traditional face-to-face modes of teaching and learning. The
syllabus of these courses provided for a combination of different types of in-class
learning, internships and independent activities. Thus, it implied that participants
would bring the acquired experience into the real practice to solve the profession-
specific problems.

2.3 Research tools

Various monitoring methods can be used in order to assess the quality of training:
observation, swot analysis, polling, etc. We applied one of the most effective methods
for assessing the quality of training — the polling. This method allows assessing the
quality of the learning process, analyzing the received results, and drawing the corre-
sponding conclusions. We applied the process approach to establish certain indicators
and quality criteria, design the polling tools and select the proper methods for analyz-
ing and presenting the results.

Monitoring indicators: opinions on the quality of the blended learning process,
gathered through an opinion poll. The estimates were analyzed by means of a 10-point
semantic differential scale, where “0” stands for the low quality and “10” — for the
high quality.

All indicators (questions) are grouped into four blocks; each thereof contains three
indicators (quality criteria).

Block 1. Information Content of the Course: relevance, practical focus and the
structure.

Block 2. The Quality of E-Learning Resources integrated in the distance learning
platform: ease of understanding, exhaustibility, and ease of use.

Block 3. Process Features: correspondence between the module content and the
course purpose, application of active teaching methods, participant involvement in
this course.

Block 4. The Quality of Online Learning Platform designed with LMS Moodle: in-
teractivity level, interface user-friendliness, possibility to work with training and test
modules.
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The poll was conducted after the final paper was defended using the LMS Moodle.
The course participants were informed about the confidentiality of diagnostic results
before the course. The polling data was processed with IBM SPSS Statistics 22.

3 Results

New potential opportunities for implementing the teacher refresher courses were
determined with regard to the concept of blended learning, as such model allows or-
ganizing the teaching and learning process involving additional learning resources and
technologies. Such model is also capable of bringing the learning process to a higher
level — it can improve its quality, change the educational content, ensure the introduc-
tion of innovative learning technologies into the teaching and learning process.

We designed some refresher courses (108 hours) for the physics teachers with re-
gard to a technology-based blended learning approach integrating the traditional face-
to-face modules with the distance learning. They were implemented twice during the
2016-2018. The main purpose of the course was to upgrade the skills that teachers
have for delivering the secondary education physics program on the back of changed
requirements for organizing the modern learning process and gaining professional
competencies in the field of learning process and lesson design using the innovation
technologies.

Course objectives:

e Creating conditions for improving the professionalism of teachers, their profes-
sional competencies in designing, implementing and analyzing the professional ac-
tivity in the context of education modernization

e Showing to course participants the insights into the methodology, structure, content
and methods for organizing the modern learning process and designing lessons un-
der new conditions

e Teaching the peculiarities of applying health-saving technologies in the teaching
and learning process

o Shaping the teacher's professional culture in the field of ICT-rich environment.

Course units intended for online attendance were put into practical context by LMS
Moodle. Our e-learning course is hosted on the University’s e-learning platform and
is available at any time. The LMS Moodle-based course communication capabilities
enable teachers and supervisors to work with course participants under best possible
conditions. The e-learning platform provides access to student profiles, allows them to
handle a set of learning modules under the course program via remote access (taking
tests, sending the results to the teacher, listening to webinars, etc.). The courses were
tuned with traditional modes of teaching and learning. It should be noted that all
learning materials are available in both Russian and English languages. Students have
the opportunity to select the language by clicking the "Change language" icon.

The midpoint and final assessments are specific course units of highest-priority.
Different types of assignments and tests are used for knowledge assessment. LMS
Moodle has broad options for test design and application [36]. The system allows you
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to create various unique tests: traditional tests (tests with open-ended and closed-
ended questions, matching tests, etc.) and more complex ones in structure and content.
The latest version of LMS MOODLE allows you to create 32 types of tests. At the
same time, course participants, who took the course on problem-solving methodology
for problems of different complexity classes, not only participate in controlled as-
sessment, but also gain experience in designing the assessment tasks. A specific test is
randomly generated from the originally designed item bank. The course participants
believe that the most interesting and insightful types of tests are the "Calculation",
"Embedded answers" and "Essays" types. Thus, each option of the Calculation Test is
generated with new numerical data from the given interval. Thus, even if several
examinees receive the same task, it will contain different numerical data.

The Essays Test contains open-answer questions with the answer space is defined
by size settings. The question can be represented as a text of a high-quality problem
and as any media file, such as video or animated presentation. The answer is checked
for correctness and graded manually by the teacher. This type of questions informs
about how well the examinees understand the physical phenomenon. Such tasks can
be used not only as a means of assessment, but also as a means of in-class consolida-
tion of learnt material. They can be also used to form in course participants some
skills of applying the gained knowledge to explain specific physical processes and
phenomena.

The peculiarity of Embedded Answers Test is that it can include various types of
questions, limited only by the originator’s imagination (Figure 1). Such system was
used when learning the physics problem-solving methods by physics branches and
building the related skills.

Question 1 Loads with masses 0.3 kg and 0.2 kg are placed on a cord slung over fixed block loads.
Not complete

Marked out of
15.00

(Accept friction in the block as negligible, g=10 m/s2)

The loads are affected by the following forces:

Gravity -
Floor reaction force

The force of friction -
The thread tension force

The force of inertia

In this problem for the inertial force we can take any reference system rigidly connected with -
Under the influence of such system of forces the loads will move with uniform

Is the acceleration of goods dependent on their masses?

The loads acceleration is equal to m/s2,

In 2 seconds each load will pass from the point of standstill a path equal to m.

What is the force of the thread tension? N.

What is the force of the thread tension if to hold the smaller load? N.

What is the force of the thread tension if to hold the bigger load? N.

Fig. 1. Example of the Embedded Answers Test
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When it comes to the process of teaching teachers, it is necessary not only to teach
them the basics of science and the case-specific teaching methods, but also to foster a
common culture within them. The solution of this problem can be boosted by intro-
ducing some biographical details into the process that are often left aside during an in
class assignment due to the lack of time. Details on the history of physics was built
into the various elements of the online module. We designed a system containing
various types of tests with some details on the history of physics included in them to
assess the depth of gained knowledge (Figure 2).

Question 1

Not complete Match the picture of the a scientist and the scheme of his experimental apparatus
Marked out of 1.00

| Drag answer here

| Drag answer here

| Drag answer here

Fig. 2. Example of the Drag-and-Drop Matching Test

The refresher course culminates with a project defense, which is a kind of discus-
sion platform for the course participants to exchange experience, as well as for inno-
vative ideas and positive attitudes to further teaching activity to spark. The "poll" and
a "questionnaire" are important components of the LMS Moodle when it comes to
conducting pedagogical research and analyzing learning outcomes. The quality of
blended learning was assessed under the process approach (EFQM excellence model).
This model implies that the education quality issues are considered against the back-
ground of student need satisfaction, while the quality of training is ensured through
the process management. These tools were used to carry out a participant poll at the
final stage of training. Its purpose was to find out what opinions the course partici-
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pants have on the efficiency of blended refresher courses in general, and on the e-
learning in particular. In order to get an objective feedback, polling was conducted
confidentially when the participants received their certificates. The polling involved
89 participants. Polling data were processed with IBM SPSS Statistics 22. The infor-
mation on questionnaire indicators was collected by calculating moral expectation m
and the standard square deviation S for each indicator. The results are presented in
Figures 3 and 4.

80

60

40

20 -

m Strongly Agree

W Agree
= Not Sure
M Disagree

W Strongly Disagree

motivates to perform
independent activity
allows individualizing the
teaching and learning process
forms the planning skills
givesan opportunity to gain
additional knowledge
objective
promotes the growth of
professional competence and

makes knowledge testing most
readiness for pedagogical activity

contributes to better assimilation
of learning material
forms the self-assessment skills

-
N
w

4 5 6 7 8

Fig. 3. General Polling Results
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Based on polling results, we can conclude that the quality of blended refresher
courses was assessed as high. In particular, course participants enjoyed the e-learning
platform, gave credence to the learning materials of the course modules, appreciated
their multi-dimensional focus and complementarity, and were pleased with the ease of
navigation and compatibility options of the LMS Moodle. Besides, 79.3% of respond-
ents agreed that the online course contributed to computer competency development.
The findings show that the LMS Moodle platform is a good fit if your intent is to
design refresher training courses for teachers of natural sciences, as it highly satisfies
the needs of users (in this case, the respondent group). The course participants also
pointed to the high professionalism of the teaching staff and supervisors. Thus, in
modern environment, refresher courses are not only an opportunity to improve one’s
professional skills and competency, but also an important link between the school and
university.

4 Discussion

One of the strengths that the LMS Moodle has is the communication opportunity
[37]. The system supports the exchange of files of any format both between the teach-
er and the student, and between the students. The bulk email service allows anyone to
inform all the course participants or individual groups about the current events
promptly. The forum provides an opportunity to organize a discussion over the most
hard-hitting topics. The chat room allows anyone to organize a discussion in real time.

At this stage, the Collaborative Case-Based Assessment becomes one of the most
discussed issues. Collaboration allows developing both professional and communica-
tive competence in students divided in small groups [38]. Thus, LMS Moodle has the
following features that raise the interest of students in the subject, develop their skills
and motivate to independent activity: high level of interactivity, multitude of material
presentation, the possibility of modular content structuring and student-centered plan-
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ning, on-line documentation, comfort and confidentiality [39]. In this regard, a direct
relationship is establishedbetween the LMS application and learning process efficien-
cy [40].

It should also be noted that the course design is adapted to mobile devices. This al-
lows using any modern gadget to handle the course [41]. A mobile phone has become
an integral part of every-day life. It can be used for entertainment, communication,
and for training. In the latter case, the phone is proven a powerful tool [42]. Another
important aspect is related to the specific features of physics education, which implies
laboratory training and the research work. The fact is that there are many experiments
that cannot be performed in real laboratories because they are very dangerous, expen-
sive, complex and time-consuming [34]. E-learning opens huge opportunities for the
use of various kinds of virtual physics experiments [43], [44].

E-learning (LMS in particular) extends its boundaries beyond the universities to the
colleges and schools [18], [45]. Those, who stand for VR in teaching and learning,
prove that virtual environment is an excellent teaching tool [46]. At this point, the
teacher’s job is to put virtual technologies in the learning contexts. This imposes high
requirements for the IT competence of a modern teacher. Part of the present learning
modules are focused on the teacher’s IT competence development and improvement
with regard to modern innovation-driven trends in this field and to the peculiarities of
their application in the teaching and learning process. Some of our results correlate
with the observations made with the second-year students at the University of St.
Andrews in Scotland. The online course that has been applied when teaching quantum
mechanics allowed comparing the experimental and expected data on the back of a
rapid data collection, as well as to explain such a difference. Our results are similar to
the data obtained by the Technical University of Madrid, where most students had a
positive experience of online testing. In addition, blended physics learning improves
the learning outcomes significantly [47].

The obtained results inspire for further research aimed at improving the online re-
fresher course for the physics teachers and methods of its application. Further re-
search can be a more detailed insight into the efficiency of some course units tied with
the methodology of teaching physics in schools.

5 Conclusion

Thus, this article presents the results from applying the blended refresher courses
designed for the physics teachers. The online part of the course is realized through the
e-learning modules originally designed with the LMS Moodle platform. A distinctive
feature of their content is that it was designed in a way so that physics teachers could
improve their competencies in terms of teaching methods, common values and cul-
ture. This was achieved, in particular, by including methodological and biographical
materials to the course units.

Results display that blended form of education allows building case-specific vec-
tors of training, expanding the range of educational opportunities by making the pro-
cess more responsive and easy to engage in, and considering educational needs and
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abilities of participants. Blended learning strategies allow strengthening the existing
skills and forming the new ones. Thereby, they create a multitasking environment,
which is good and comfortable for those learning within it. Usable interface of the
LMS Moodle platform enables an optimal bridge between knowledge delivery and
interactive collaboration so that learning goal and objectives could be achieved, and
professional qualities and competences formed.

The analysis of polling results allows concluding that blended learning has high but
undeveloped potential in the context of teacher’s professional development, his/her
readiness to perform professional activities in modern environment. High level of
satisfaction with the quality of blended learning and e-learning environment allows
assuming that refresher courses are not only an opportunity for a teacher to improve
one’s professional skills and competences, but also an essential link between teachers
and students (both at the level of skills and at the levels of knowledge acquisition
techniques) [48]). This aspect is essential, given the correlation between a teacher’s
attitude towards information technology and the accumulation of knowledge by stu-
dents, especially in the field of natural sciences [49].

The elements of blended learning expand the range of educational opportunities for
students, who take these courses. They allow building individual learning paths, pro-
moting the interaction between all the participants and forming the best possible
qualities and competencies that a teacher should possess to perform successfully and
effectively. It should also be noted that the above-mentioned advantages lay sufficient
grounds for the LMS Moodle platform to be applied for this purpose, as the e-learning
platform allows improving the IT competencies that are so much required. In this
regard, the outlined experience of holding the blended refresher courses, designed for
the physics teachers, integrating traditional face-to-face modules with the distance
learning in the LMS Moodle platform can be useful to educational establishments
implementing the teacher refresher courses.

According to the findings, LMS Moodle platform is ideally suited for the creation
of refresher training courses for teachers of natural sciences, as it highly satisfies the
needs of users (in this case, the respondent group). Raised issues require further dis-
cussion, especially issues like the optimal ratio of full-time (classroom) to online
activities, a blended learning model considered suitable for investigating and solving
problems in teaching physics and other disciplines, and further improvement of de-
signed courses.

6 Prospects and Potential

The findings are relevant to both the educational institutions that are on the path
towards modernized refresher training and the faculty staff as they serve an example
of how new professional information may be perceived if the information technolo-
gies are involved. Further studies will allow developing an effective framework of
blended refresher training for other teachers, which could by applied by organizations
as a core model. The present results confirm the global trend in ICT and education,
which can be described as the use of ICTs for learning regardless of age. This opened
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a door to a new area of research - educational software adaptive to the cognitive needs
of adults.
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