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16.starptautiskas zinatniski praktiskas konferences “Vide. Tehnologija. Resursi” materialos Cetros s€jumos ir parstavéti jaunakie
pétijumi vides inZenierzinatng, vides un dabas aizsardziba, ilgtspgjiga lauksaimnieciba, energétika, materialzinatné, mehanika,
metalapstradg, lazeru tehnologijas, matematiskaja modelésana, elektrotehnika, vides ekonomika un vadiba, informacijas tehnologijas
un sociotehnisko sistému modelésana, vides izglitiba un ilgtsp&jigas attistibas procesos, izglitiba inZenierzinatnés, aizsardzibas un
drosibas tehnologijas. Krajuma parstavéto pétijumu joma ir daudzpusiga un starpdisciplinara, balstita uz starptautisko zinatnieku
kolekttvu sasniegumu rezultatiem. Konferences materialos ieklauti 317 zinatniskie raksti. Konferences dalibnieki parstav 28 valstis.

16.starptautiskas zinatniski praktiskas konferences “Vide. Tehnologija. Resursi” norises vieta ir RTU Rézeknes akadémija, Rézekne,
Latvija.

Proceedings of the 16" International Scientific and Practical Conference “Environment. Technology. Resources” include recent
research in fields of engineering, environmental and nature protection, sustainable agriculture, energy, material science, mechanics,
metalworking, laser technologies, mathematical modelling, electrical engineering, environmental economics and management,
information technologies and sociotechnical systems modelling, environmental education and sustainable development, education in
engineering sciences, defense and security technologies. The research area presented in the proceedings is comprehensive and cross-
disciplinary, on the advances of international researchers. The proceedings comprise 317 scientific papers. Conference participants
represent 28 countries.

16th International Scientific and Practical Conference “Environment. Technology. Resources.” hosted by Rezekne Academy of Riga
Technical University, Rezekne, Latvia

https://conferences.rta.lv/index.php/ETR/ETR2025
Link to conference proceedings: http://journals.rta.lv/index.php/ETR
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Abstract—The article analyzes world experience in
creating a new paradigm in the development of information
and library education in the digital age. It is proposed to use
intellectual educational technologies in teaching information
and library disciplines, taking into account the analysis of
information and analytical competencies, which can change
the quality of the process of training highly qualified
specialists for information and library institutions of the
republic.
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I.  INTRODUCTION

In the Concept for the Development of the Higher
Education System of the Republic of Uzbekistan until
2030, in the paragraph “Introduction of digital
technologies and modern methods into the educational
process”, in order to introduce digital technologies and
modern methods into the educational process, the
following activities are proposed: the use of “cloud
technologies” in educational processes [1].

The widespread introduction of a system of electronic
libraries with the possibility of remote use of them, the
expansion of opportunities for continuous improvement of
the professional qualifications of students by organizing
the use of the library fund and databases after completing
their studies at higher educational institutions;
acceleration of the creation of national -electronic
educational resources, organization of work on the
translation of foreign electronic educational resources, a
gradual increase in the share of electronic resources in the
educational process, the creation of electronic educational

Shakhnoza Rakhimova
Department "Information and Library Systems”
TUIT named after Muhammad Al-Khwarizmi
Tashkent, Uzbekistan
shaxnozl0@mail.ru

literature, as well as a system for placing information on
electronic resources in libraries using a QR code in order
to download electronic educational literature on mobile
devices; creation of an electronic database of scientific
and technical information, consisting of materials of
conferences, graduation theses, master's and doctoral
dissertations of a higher educational institution, the
widespread introduction of the use of an anti-plagiarism
system in order to preserve the novelty of scientific and
technical information in the future, etc.

Purpose of the research. Implementation of
intellectual educational technologies in information and
library education, taking into account the analysis of
information and analytical competence of future
specialists.

1. MATERIALS AND METHODS

Methodology of the research. The conducted
terminological analysis allowed us to reveal the essence of
the information competence of a library specialist - this is
a professionally significant personality trait, manifested in
the ability to effectively solve social and professional

problems using information and communication
technologies, improve one's skills in the field of
information  technology, and adapt professional

knowledge to the changing conditions of the information
society.

Research methods:

e analysis of pedagogical and specialized
literature on the research problem;
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o the method of terminological analysis (for the
introduction into the research of the concepts
of competence and information-analytical
competence, hypothesis, theoretical
modeling)

Empirical methods: included and remote observation,
individual and group conversations; questionnaires, the
method of expert assessments, rating methods,
interviewing, testing; pedagogical experiment, including
ascertaining, forming and control stages; statistical
processing of the results.

As a system, information competence includes tasks,
functions, properties, has its own characteristics and
structure.

The tasks are:

e enrichment with knowledge and skills from
the field of informatics and information and
communication technologies;

e development of communicative, intellectual
abilities;

e implementation of an interactive dialogue in
a single information space.

The functions include:

e normative-legal (indicators of achievements
and development; it manifests itself as a
system of moral norms, norms of a legal
nature, which must be followed in the
information society);

e cpistemological (aimed at the systematization
of knowledge, knowledge of the surrounding
reality and self-knowledge by a person of
himself);

e communicative (ensuring communication in
the information society);

e adaptive (adaptation to the conditions of the
information society);

e cvaluative (assessment of the significance,
usefulness of information, etc.);

e developing (formation of an active life
position, independence, self-realization on
the basis of a certain system of knowledge
and norms adopted in the information
society).

Properties have the following properties:

e dualism - the presence of an objective

(external  assessment of  information
competence by society) and subjective
(internal -  self-assessment of one's

information competence by an individual)
parties;

e relativity - knowledge and knowledge bases
quickly become obsolete, so they can be
considered as new only in a conditionally
defined space-time interval;

e structuredness - each person has his own
specially  organized knowledge bases,
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hierarchically ordered into a certain system of
knowledge about information, its types,
properties, functions and methods of working
with it, using information technologies in
professional activities;

e accumulativeness -  knowledge  and
knowledge bases tend to "accumulate" over
time; newly incoming knowledge is built into
existing arrays;

e selectivity - there is a selection of knowledge
according to the principle of usefulness, the
possibility of practical use in professional
activities;

e dynamism - implies that a specialist does not
have a significant amount of knowledge, but
the ability to constantly update, update at the
right time and use them in the process of
professional activity;

e integrativity - manifested in the relationship
with the socio-cultural environment of a
librarian and the development of society as a
whole;

e polyfunctionality - the presence of a variety
of subject-specific knowledge bases (the
semantic component of knowledge bases is
multifunctional) allows you to perform many
functions that are a factor in the success of
the professional development of a librarian.

The peculiarity is that information competence is
manifested in:

e self-renewal, application of new forms and
ways of meeting the information needs of
subjects, adapting information competence to
changing conditions;

e self-development, complication of structural,
functional and organizational parameters of
the entire system of information competence;

e deepening the specialization of individual
elements and the level of their
interconnectedness and interaction with each
other [5].

Researchers of the Continuing Education Laboratory
of the National Research University Higher School of
Economics, presented the results of the analysis of
Russian and foreign recruiting companies. They compared
the requirements that are contained in the vacancies for
library specialists from analytical databases. In the US, a
librarian is an IT specialist. In the group of digital skills of
the competence profile of an American librarian,
knowledge of 3D printing, statistics, application testing,
Big Data, layout, digital curating, SMM, digital and
information literacy.

American employers focus on knowledge-intensive
and high-tech skills that affect the main areas of activity
of a modern specialist: creating libraries and library
systems at the national level, participating in consortiums,
and developing global perspectives. There is an increased
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demand for competencies related to working with clients,
holding events [15].

Many scientists dealt with the problem of formation of
competencies and competence of specialists. The works of
John Raven, Emeritus Professor at the University of
Edinburgh, are widely known in the field of diagnostics
and research of competence, its assessment and
implementation [10]. Of no less interest are the studies of
Lyle and Sine Spencer, who developed methods for
assessing competence and predicting the results of the
work of specialists based on competencies [12]. Also
widely known are the works of Edmund Short, who
considered competence as a macro concept and identified
four approaches to its decoding [11].

The essence of the intellectualization of the library
profession is considered by us as the constant acquisition
by specialists of relevant library and information
knowledge in the process of study or self-education, as
well as in increasing the possibilities for their creative
implementation in the professional field. Characterized by
effective informational thinking and skills that allow to
increase the amount of consumed, processed and
qualitatively reproduced information, a modern specialist
is focused on improving the quality and comfort of user
service [5].

In the work of the library director T.A. Kolesnikova
reflected "The concept of intellectualization of the library
profession and its implementation at the university." The
strategic goal of the library is to be the center of integrated
information support for educational and scientific
processes, as well as cultural activities of the university.
The mission of the library is the most effective,
comfortable and high-quality satisfaction of the
information needs of university communities in study,
scientific research, pedagogical and administrative
practice [15].

A number of scientists consider information
competence as a component of the professional
competence of a specialist, they noted the interdependence
of computer literacy and professional competence,
defining this interaction as a special information literacy,
which is updated at the professional level. Information
competence reflects different levels of professionalism of
the individual, his professional development as a
relatively new socio-cultural phenomenon, which is fixed
in the regulatory requirements for a modern specialist [8].

Palkevich O. presented for discussion several
incarnations of the librarian of the future: librarian and
bibliographer 4.0/5.0, information curator and event
architect. The position of a new type of bibliographer
includes five key competencies: knowledge engineer,
local knowledge environment designer, biblio linguist,
infoset assembler, knowledge archaeologist plus
information curator and event architect.

Korshunov 1., in turn, noted that an information and
library specialist is: an analyst-synthesizer, a creative
information navigator, a specialist in the field of digital
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technologies, an instructor in the development of
information culture, a manager and marketer in the
information and library field, etc.

Based on the analysis of discussions in the literature, it
can be concluded that the library of the future should
evolve into an innovative, intellectual "Library 4.0." In
this model, the system will autonomously analyze
information and provide users with actionable insights [9].
The role of information and library specialists will
become increasingly critical in achieving this vision.
Therefore, training for Librarian 4.0 and 5D
bibliographers must be prioritized in the near future,
particularly in light of the growing intellectualization of
information and communication technologies (ICT) [13].

The evolution of Library 4.0 is closely tied to
advancements in web technologies (Web 2.0, 3.0, and 4.0)
[14], as well as shifting user preferences and reader needs.
A library that can adapt to the specific needs of its local
community is more likely to be viewed as successful and
relevant [9].

Key Components of Library 4.0 Development

The development of Library 4.0 involves several key
processes and features:

Intellectual Library: A system capable of analyzing
and synthesizing information to provide users with
meaningful conclusions.

Makerspaces: Spaces where users can bring ideas to
life using modern technologies such as 3D printers,
robotics, video game development tools, e-books, and
other creative projects.

Context-Aware Technology: Systems that analyze
user behavior and interests, enabling the library to adapt
its services to changing conditions. This technology
allows libraries to recognize users and offer personalized
services to both new and existing patrons.

Big Data: Leveraging large datasets to improve
services, understand user needs, and enhance decision-
making.

Open Source Software: Utilizing open-source tools
and platforms to promote flexibility, collaboration, and
innovation.

Cloud Services: Employing cloud-based solutions to
enhance accessibility, storage, and sharing of resources.

Augmented Reality and Modern Displays: Integrating
advanced technologies like augmented reality and
interactive displays to create immersive and engaging user
experiences.

Librarian 4.0: A new generation of librarians equipped
with advanced skills in ICT, data analysis, and user
engagement to support the evolving needs of Library
4.0.[18].

In summary, Library 4.0 represents a transformative
shift toward a more intelligent, adaptive, and community-
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focused library model, driven by cutting-edge
technologies and the expertise of next-generation library
professionals [16].

The author of the article, based on foreign experience,
his own pedagogical experience, observations, student
surveys and interviews with teachers, developed a model
and matrix of information and analytical competencies,
which included the relevant functional features of Library
4.0. Each lesson, during the research period, was
conducted using elements of digital technologies and
artificial intelligence tools, which brought attractiveness
to conducting theoretical and practical classes, as well as
increased the level of perception of educational material
by students. The results of the study confirmed our
assumptions about the effectiveness of the experimental
methodological package in the training of future
information and library specialists.

Competence can be defined as the integration of
knowledge, skills, and attitudes required for effective
performance and productivity across various cognitive
domains. In this context, knowledge refers to the
possession of information or understanding about a
subject, skill pertains to the ability to apply that
knowledge in practice, and attitude reflects an individual's
mental or emotional approach to a task or situation.
Within the broader framework of competencies, it is
crucial to distinguish between professional competencies,
which are specific to a particular job or field, and personal
or general competencies, which are applicable across
diverse contexts and areas of life.

From one side, the competencies needed by librarians
and information professionals can be categorized into six
key domains: IT skills, traditional librarianship skills,
skills to create value, including research and decision-
making skills, transferable and soft skills, communication,
management, leadership, learning and coaching, and
teamwork skills, appropriate attitude, values and personal
qualities, knowledge in the subject area.

From another, research outlines the essential skills for
the modern librarian, often referred to as Librarian 2.0.
These skills are grouped into seven themes: technology;
training and education; research or evidence-based
practice; communication; collaboration and teamwork;
user orientation; business savvy and personal qualities.

Both frameworks emphasize a blend of technical
expertise, traditional librarianship skills, and interpersonal
abilities, reflecting the evolving role of librarians in
adapting to technological advancements and user-oriented
service.

Professional competencies are directly tied to the tasks
and operations performed within a specific profession,
such as cataloguing, classification, reference services,
archiving, and similar activities. On the other hand,
personal or transferable skills are more intrinsic and
individual in nature, encompassing abilities such as
analytical and critical thinking, effective communication,
initiative, and a sense of responsibility. These skills
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complement professional competencies and enable
individuals to perform their roles more effectively. In
essence, they are auxiliary skills that interact with
professional expertise to enhance job performance [14].

The literature highlights that personal or general
competencies are often referred to using various terms,
such as transferable skills, general skills, alumni abilities,
or core competencies. These terms emphasize the
universal applicability of such skills across different roles
and contexts, underscoring their importance in supporting
professional success and adaptability.

III. RESULTS AND DISCUSSION

Studies indicate that the librarianship market
increasingly values personal or soft skills, such as
technological proficiency, research capabilities, analytical
and critical thinking, and effective communication, over
purely professional or technical skills. In today’s rapidly
evolving digital, cultural, and economic landscape,
librarians and information professionals are expected to be
versatile, multitasking individuals with a combination of
high 1Q and EQ They must possess a diverse skill set to
adapt to complex and dynamic environments, essentially
becoming "multi-talented jacks of all trades".

While it may not be feasible for a single individual to
master all these competencies, the specific skills required
often depend on the type of organization and the context
in which the librarian or information professional (LIP)
works. To be effective, LIP should be equipped with at
least a subset of these skills, tailored to the demands of
their role and environment.

In dissertation work [8] proposed an alternative vision
of the structure of information competence of a library
specialist, which includes three components: cognitive,
activity-creative ~ and  personal-motivational. =~ The
percentage distribution by the number of competencies
(20% - cognitive component, 65% - activity-creative, 15%
- value-motivational) corresponds to the general principle
of practice orientation in the credit-modular system of
higher professional education [8].

Monitoring of academic groups in the undergraduate
direction "Library and Information Activities" of TUIT
named after Muhammad al-Khwarizmi among students in
the undergraduate direction "Library and Information
Activities" (60-3rd year students and 50-4th year students)
showed effectiveness (about 36% of average scores, about
28% of high scores) of the competency-based approach in
the credit-module system of education and training of
future library specialists compared to the traditional
(academic) form of education (about 34% of average
scores and about 18% of high scores) added optimism to
continue active introduction into the learning path of
information - analytical competencies, taking into account
the processes of intellectualization of ICT.

Analysis of the results of the survey of undergraduates
(sample). Questionnaire Questions:
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I. What professional competencies would you like to
have:

1.Working with public organizations, attracting extra-
budgetary funds and resources (PR management,
advertising, fundraising, crowdfunding, outsourcing, etc.)
— 18%;

2.The use of Machine Learning methods (ML) in the
analytical work of the library — 18%;

3.Preparation and implementation of projects — 17%;

4. Working with Big Data in the library (large
amounts of various data that require advanced methods
and technologies for their collection, storage, distribution,
management and analysis) - 13%;

5. Organization of cultural events — 13%.

II. On what knowledge and skills, to the greatest
extent, the effectiveness of library work depends:

1. Organizational skills — 33%;
2. Leveraging Library Innovation — 31%;

3. Communication skills, ability to work in a team —
18%;

4. Using Social Media to Advertise Library Activities
—16%,;

5. Working with world information resources — 15%.

III. What professional competencies
important for a modern librarian?

are most

1.Computer Literacy and Information Literacy — 46%;

2. Ability to navigate in the information space
(navigation through information resources) — 33%;

3. Willingness to master and implement innovative
technologies — 26%;

4. Ability to apply professional knowledge in practice
— 24%,;

5. Out of the box thinking, creativity — 24%.

IV. In what areas of the library activity do you need
additional knowledge:

1.Application of information technology in the library
—23%;

2. Organization of funds and catalogues — 22%;
3. Information and analytical work — 20%;

4. Library statistics — 14%;

5. Reference and bibliographic work — 12%.

On the other hand, diagnostics of the level of
information and analytical competence of library
specialists of the city information and library system made
it possible to identify problem areas in the constituent
components of information competence:
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- the results of the analysis of data characterizing the
cognitive component suggest that 56% of library
specialists have theoretical knowledge at a low level; 28%
- at an average level and 12% have knowledge at a high
level. A weak theoretical basis for librarians was revealed.
It is due to the low number of specialists with vocational
education (10% higher and 34% secondary specialized
education). A special problem is caused by the normative
criterion: 45% of the respondents have a low level of
right-wing culture. The survey was conducted voluntarily,
anonymously, remotely, however, some employees of the
city information and library system refused to take part in
the survey, which, in our opinion, indicates some
psychological barriers in understanding, studying and
working with ICT for acquiring and improving
information and analytical competence;

- the data characterizing the activity-creative
component indicate that the leading place is occupied by
such competence as “ownership of applied software”, the
interdependence of the development of information
competence and the creative component is confirmed
(51% of respondents confirmed that the growth of
information-analytical competence is accompanied by
creativity , creativity in the profession);

- the data characterizing the value-motivational
component indicate the presence of two basic motives that
stimulate the development of information and analytical
competence of a library specialist, taking into account the
ICT intellectualization process: “improving my
professional level”, “increasing my own self-esteem”.

Factors contributing to the development of
information and analytical competence were also
identified (availability of good computer equipment; high
level of computer proficiency among colleagues;
monetary incentives, i.e., external factors for stimulating
activities); hindering the development of information and
analytical competence (lack of theoretical knowledge;
imperfection of computer technology, the inability to
update it in the near future; imperfection of
methodological work and lack of advanced training
courses and retraining of personnel).

Analysis of the results of the survey of managers and
employees of the city information and library system
(sample).

I.What professional competencies would you like to
have:

1. Consulting users and issuing informational
certificates "questions - answers" (in traditional and
electronic forms) — 52%;

2. Preparation of book exhibitions, days of
information, days of a specialist, benefit of the author,
book premiere — 43%);

3. Working with public organizations, attracting extra-
budgetary funds and resources (PR management,
advertising, fundraising, crowdfunding, outsourcing, etc.)
—40%;
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4. Creation of multimedia products (training videos,
presentations) — 38%;

5.Use of Machine Learning methods (machine
learning) in the analytical work of the library — 36%.

II. On what knowledge and skills, to the greatest
extent, the effectiveness of library work depends:

1. Leverage library innovation — 95%;
2. Use of Internet resources — 76%;
3. Leadership qualities — 76%;

4. Communication skills, ability to work in a team —
48%;

5. Using social media to advertise library activities —
48%.

III. What  professional competencies are
important for a modern librarian?

most

1. Computer literacy and information literacy — 95%;

2. Willingness to master and implement innovative
technologies — 88%;

3. Ability to apply professional knowledge in practice
—57%;

4. Ability to navigate in the information space
(navigation through information resources) — 52%;

5. Out of the box thinking, creativity — 50%.

IV. In what areas of the library activity do you need
additional knowledge:

1. Reference and bibliographic work — 74%;

2. Application of information technology in the library
- 67%;

3. Forms of cultural and leisure work — 48%;
4. Methodical work — 43%;
5. Organization of funds and catalogues —43%.

Thus, it can be argued that library and information
specialists of a new qualification level are gradually
acquiring new competencies. They become experts,
consultants on the principles of creation, preservation,
distribution, management of electronic information
resources (EIR) and technological means.

The research results obtained using the competency-
based approach and the Case-study method have shown
their viability thanks to the implementation of digital
learning tools in the educational process, which can be
divided into the following types:

e  cducational software tools, the
methodological purpose of which is to
communicate the sum of knowledge and
skills of educational and practical activities
and ensure the necessary level of assimilation
established by feedback implemented by

Training of Information and Library Specialists

means of software systems (Ims.tuit.uz;
xn.tuit.uz);

e software tools - simulators designed for
practicing skills, educational activities, self-
training, they are wusually used when
repeating or consolidating previously covered
material (ILS: IRBIS, ARMAT++, UzNel,
DSpase, Omeka);

e programs designed to monitor the level of
mastery of educational material - monitoring
software (Ims.tuit.uz; xn.tuit.uz);

e information-search, information-reference
software tools that provide the ability to
select and display the information necessary
for the user. Their methodological purpose is
to develop skills in systematizing information
(analytical platforms Scopus, Web of
Science, ProQuest);

e simulation software that provides a certain
aspect of reality for studying its main
structural or functional characteristics using a
certain limited number of ILS parameters;

e modelling software tools of arbitrary
composition, providing the learner with the
basic elements and types of functions for
modelling a certain reality. They are intended
to create a model of an object, phenomenon,
process or situation for the purpose of
studying them, studying ILS;

e demonstration software that provides a visual
representation of educational material,
visualization of the studied phenomena,
processes and relationships between ILS
objects;

Before the start of the pedagogical experiment, the
academic groups were divided into control (CG) and
experimental groups (EG) respondents, who showed the
following results: excellent - 12% and 14%, good - 44%
and 43%, satisfactory - 36% and 32%, unsatisfactory - 8%
and 11%. In the experimental group, a competency-based
approach was implemented using the Case-study method.

At the end of the pedagogical experiment, the
academic groups showed the following results: excellent -
14% and 21%, good - 48% and 52%, satisfactory - 32%
and 25%, unsatisfactory - 6% and 2%.

Students have increased interest in digital educational
technologies and understanding of the need to acquire
new competencies for future professional activities.

Instructional Design. The main emphasis in
pedagogical design was on the use of information and
communication competencies and the development of
future library specialists’ professional interest in
innovations of digital technologies in the educational
process (multimedia resources, collaborative navigation
and design, work with analytical platforms, work with
automated library and information systems (LIS)), work
with educational platforms (moodle.tuit.uz, Ims.tuit.uz,
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xn.tuit.uz), work with distance learning tools,

development of an industry digital library, etc.).

An example of one lesson. During the start of the
design, students completed a survey (google.doc), where
they showed the level of awareness about information and
communication technologies used in libraries and the
information and analytical competence required by a
modern library specialist.

After this, training in the subject “Information and
Analytical Products and Services” was offered using the
Case-study method (Case: Scopus is considered by many
to be the main competitor of the Web of Science database
for citation analysis and journal ranking statistics. The
Scopus website states, that the database is "the largest
abstract and reference database of peer-reviewed literature
and quality web sources using intelligent tools to track,
analyze and visualize research." It has more international
coverage than web science, and the Scopus interface is
simple and intuitive). Next comes the introduction and
study of the case by students using information and
reference resources. The teacher advises students working
in small groups using digital analytical platforms Scopus
and WoS, an electronic board, a computer and tablets.
Then there is a discussion of the optimality criteria for the
proposed options (projector, electronic board). The final
part of the lesson: presentation of each group’s case
(computer, tablets, smartphones, electronic board), tests
on the subject and test results (Ims.tuit.uz, google.doc,
Kahoot).

Innovations in development:

e application of blended Ilearning in the
educational process in the training of library
personnel using ILS;

e using the Case-study method with digital
learning innovations (Zoom, Kahoot, ILS,
platforms: Scopus, WoS, Springer);

e development of cases based on real
professional scenarios using intelligent ICT

Problems that were solved:

e students’ cognitive interest in innovative
digital teaching methods has increased,

e the psychological barrier when working with
digital technologies was overcome, new
knowledge and skills were acquired in using
software and hardware devices in the
educational process,

e a number of digital innovative technologies
used in real library practice have been
implemented into the educational process
(development of joint Biblio-Pro projects,
technologies of the Library 4.0 concept,
electronic cataloguing, work with cloud
technologies, RFID technologies in libraries).

Current status and general planning of the project:

e currently the preparation of educational and
methodological materials, software,

21

databases for working conditions in Smart
Class is underway;

e the experience of innovative work is
expanding for the use of intelligent ICT in
other educational subjects;

e an analysis of the lessons conducted is
carried out for further dissemination of this
experience to other courses;

e development of a new ILS with elements of
intellectualization of data search in databases
is underway;

e the possibility of using the Case-study
method wusing digital technologies for
advanced training courses for library workers
is being considered.

Project implementation timeline:
preparation of syllabuses for courses - 1
month;

e preparation of cases of laboratory work using
ILS - 3-4 months;

e preparation of practical training cases using
ILS — 3-4 months;

e development and preparation of a textbook
and teaching aid for the courses:
“Information and analytical products and
services” (in Uzbek, undergraduate); “World
Information Resources” (in Uzbek, master’s
degree) — 3-4 years per unit;
analysis of results — 1 month;
reports — 1 month.

e The uniqueness of digital technologies and
key features of the project:

e use of ILS for students to simulate real
production situations in the classroom - cases
(with open and closed code);

e the opportunity for students to remotely
create  electronic  resources (electronic
libraries, electronic  catalogs, full-text
information databases, etc.);

e studying a special course based on the Case-
study method using digital systems of
learning process controllers and intelligent
ICT (Ims.tuit.uz, xn.tuit.uz, ILS, Kahoot);

e overcoming the psychological barrier among
students and teachers in using digital learning
tools in the classroom,;

e increasing the qualification level of digital
competence of teachers;

e quick adaptation of graduates to real work in
information and library institutions;

e final qualification work is carried out on a
specific production base and using digital
technologies (ILS: with open and closed
codes).

Summing up the preliminary results of the conducted
research, we can state the following: the use of an
educational experimental methodological complex in the
educational process has improved the quality of the
educational process and the final scores based on the
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results of student testing. This may later affect the process
of improving information and analytical competence and
the general training of highly qualified information and
library specialists.

IV. CONCLUSIONS

In foreign libraries, there is currently a tendency to
single out information learning as an independent
direction. You can even see it in the job titles. So,
employees who are directly involved in the reference
service in the '"request-response" mode are -called
"reference librarians", and employees who train users are
"educators". And if earlier informational training of users
to search for information was mainly characteristic of
academic libraries (university libraries), where it was
integrated into training programs as independent courses,
now the range of libraries offering training services is
expanding, for example, due to public libraries.

At present, the need for user training is determined not
only by well-known factors (the educational mission of
libraries, the need for users to adapt to the information
environment, the obligatory library orientation and
bibliographic training), but also by general trends in the
development of the information society.
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STEM centres that fully or mostly reveal the sub-functions

inequalities in access to STEM education, the STEM centres
are located in Riga, the capital city of Latvia, as well as other
cities, namely Cesis, Liepaja, Sigulda, and Ventspils,
established in different regions of Latvia. A visit to a STEM
centre in Latvia starts with the investigation of its online
platform. The aim of this work is to build a framework for
the analysis of online platforms of STEM centres in Latvia.
The guiding research questions is: What are functions and
sub-functions of online platform of the STEM centre? The
descriptive study is employed in this work. The study is
aimed at identification of functions and sub-functions of
online platforms belonging to STEM centres. In the digital
age, online platforms ensure links between STEM centres
and their visitors. Online platforms of STEM centres provide
important information about STEM centre’s aims, functions,
facilities, and services. Online platforms also serve as a
communication tool (use of emails and similar) between the
STEM centre and its clients as well as stakeholders. The
theoretical analysis allows shaping the framework for
analysis of online platforms belonging to STEM centres. The
framework is built of key functions (organisation contact
information, educational programmes, and training to
services) and sub-functions that online platforms are
expected to present. The comparative analysis based on the
descriptive study shows that only two online platforms
provide the information about all the sub-functions
highlighted in the developed framework. Two platforms
mostly disclose the sub-functions, and one platform partly
covers the necessary information. It should be noted that four

have been supported by Norway grants or belong to Riga
Technical University. Our theoretical analysis is limited by
the number of existing scientific literature in English.
Theoretical analysis in other languages than English may
advance further development of online platform for
strengthening of STEM education. Another limiting factor is
that online platforms were observed by the researchers who
took part in this study. Interviews or surveys with the
participation of online platforms’ users might lead to the
creation of a framework with other key functions and
subfunctions. Practical implications on a design of online
platforms for STEM centres imply that online platforms
should be user friendly. Another important aspect is to
include all the organisations details such as name, a short
description (year of establishment, staff number, etc),
address and email, phone number, social media, and location
on the map. In regard to educational materials, important is
to give open access to the educational materials to all the
users. This might increase their interest to visit STEM Centre
in person. Another practical implication is to unite the five
STEM centres in Latvia in one network and to establish close
collaboration between them. This collaboration would
support the whole approach to outdoor STEM education, the
development of systemic, sequential, and gradual educational
materials. This would increase learners’ understanding of
STEM education as well as sustainable development of
Latvia. The links between five STEM centres in Latvia
should also be shown on their online platforms.
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I. INTRODUCTION

In 2027, the labour market in Latvia will lack
approximately 14,000 specialists in STEM (Science,
technology, engineering and mathematics) fields [2].
However, the supply of STEM-related skills in the Nordic
— Baltic region suggests that in this regard Latvia performs
the worst in terms of both recent university graduates and
working-age population in general [9]. Only about 24% of
students choose STEM subjects [1] to study at university
level. Therefore, Latvia is facing a challenge of attracting
more potential students to study STEM in higher education.
This is one side of the problem in STEM education.

Another aspect of the lack of STEM students is that the
interest of prospective students to STEM subjects has to be
cultivated before the moment when young people are
confronted with the choice of a higher education discipline
to be studied. Latvia is addressing this issue by establishing
STEM centres in different cities of Latvia, e.g. Cesis,
Liepaja, Ventsplis, Riga, and Sigulda. These five STEM
centres are targeted to different age groups: from pre-
primary school children to adult education learners.

One more issue with STEM subjects is that some of the
STEM disciplines require natural environment. For
example, biodiversity observation, or analysis of
geographical peculiarities, or birds’ watching, or water
check, or similar. Outdoor STEM education is beneficial
for learners of all ages as it gives freedom to explore, and
motivation to learn by becoming more confident [3], [4].
Learners become more involved in STEM education [3],
[4]. Learning in the outdoor environment enriches learners’
self-discovery process and supplements his or her
experience with emotions [14] that are a driving engine in
learning and education [16]. In addition to academic
knowledge, the outdoors can foster curiosity,
communication, social skills and personal experience [14].
For providing a diversity of natural environments, STEM
centres were created in three different parts of Latvia,
namely Cesis, Liepaja, and Ventsplis. These three STEM
centres in Cesis, Liepaja, and Ventsplis offer outdoor
activities in three different natural environments. STEM
centre in Cesis offers observation of natural resources, in
Liepaja - water and relevant nature, in Riga — wind and
geographical landscape for drons and aviation, in Ventspils
- healthy lifestyle, human and self-exploration, and

geography.

Another aspect of the STEM education is that use of
rich geodata and administrative data on Latvia show that 43
percent of youth aged 15 to 18 cannot reach a STEM
program within 30 minutes by walking [9]. Estimates of
earnings differentials by access time, between program
types, and between two modes of travel suggest that
children from wealthier families have better access to
STEM programs [9]. More densely populated settlements
feature better access to STEM programs, as well as better
exam results in STEM disciplines [9].

For addressing the issue of regional inequalities in
access to STEM education, the STEM centres are located
in Riga, the capital city of Latvia, as well as other cities,
namely Cesis, Liepaja, Sigulda, and Ventspils, established
in different regions of Latvia. A visit to a STEM centre in
Latvia starts with the investigation of its online platform.

The aim of this work is to build a framework for the
analysis of online platforms of STEM centres in Latvia.
The present research intends to provide practical
implications on a design of online platforms for STEM
centres.

II. MATERIALS AND METHODS

The guiding research questions is: What are functions
and sub-functions of online platform of the STEM centre?

The descriptive study is employed in this work. The
study is aimed at identification of functions and sub-
functions of online platforms belonging to STEM centres.

The descriptive study starts with the analysis of existing
theoretical frameworks for online platforms design.
Afterwards, five online platforms belonging to existing
STEM centres in Latvia will be described. The description
of these five online platforms will be based on researchers’
interpretation of the available information on these online
platforms [6]. It should be highlighted that both versions of
online platforms, namely Latvian and English, were
analysed. First, the English version of the platform was
observed, and, in case of the lack of information, the
Latvian version was addressed. The next step of our study
will be the comparison of the descriptions of five online
platforms. Finally, practical implication on a design of an
online platform belonging to STEM centres will be
proposed.

III. RESULTS AND DISCUSSION

A.  Building a Framework for Analysis

The research devoted to the analysis of online platforms
of STEM centres is scarce.

Due to the lacuna in research on online platforms of
STEM centres, the study is based on the authors’
assumption that online platforms reflect the performance of
STEM centres.

It is worth highlighting that STEM centres in Latvia
refer to non-formal STEM education. Non-formal
education means any organised educational activity outside
the established formal system - whether operating
separately or as an important feature of some broader
activity - that is intended to serve identifiable learning
clienteles and learning objectives (Coombs, Prosser &
Ahmed, 1973). Non-formal education aims to create
empowerment opportunities for learners [12].

Hence, building a framework for analysis of online
platforms starts from the review of models leveraged for
the organisation of STEM centres’ work. Our search for
model of the organisation of STEM centres’ work revealed
only two scientific publications. In both publications [11],
[10], functions of STEM centres are defined as
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. Educational programmes and training;

. Services (networking, infrastructure, resources);

and

. Educational research.

It should be noted that online platforms belonging to
STEM centres are different from online platforms designed
as learning platforms [7]. The difference exists in that
learning platforms have such functions as learning
analystics, provision of open badges as micro-credentials,
and similar [8].

Theoretical analysis of functions of STEM centres as
well as observation of online platforms carried out by the
authors allow shaping the framework modelling the
functions and structure of online platforms belonging to
STEM centres.

* Organisation name

* Organiisation description

(year of establishment,

staff number, etc)

Organization Organisation address,
contact including email

information A8 Organisation telephone

number

* Organiisation social media

* Organisation location on
the map

* For learners linked to age
groups and educational

Educational
e  PrOgrammes

and training

level
« For teachers

* Organiization vision,
mission, and aim

* Organization viist
(opening time, fees,
etc)

* Organization events

Fig.1. Framework for analysis of online platforms of STEM centres.

The logics of the framework is based on the analysis of
existing research and educational interest of the researchers
taking part in this work: from organisation contact
information through educational programmes and training
to services.

B.  Anaiysis of Online Platforms

Bl. STEM Centre in Cesis

Table 1 presents the description of the online platform
belonging to STEM Centre in Cesis, Latvia [17].

TABLE 1 ANALYSIS OF ONLINE PLATFORM OF STEM CENTRE IN CESIS

STEM Centre in Cesis
Key function
Sub-function Yes/No Comment
Space
Name Yes Educational
Centre
- Staff photo
L and relevant
Description (year emails are
of establishment, Yes
shown,
Organization staff number, etc) ~Video
contact presentations
information
Address and email Yes
With
Phone number Yes international
code +371
Social media Yes
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STEM Centre in Cesis

Key function
Sub-function Yes/No Comment
Location on the
No
map
For learners (with
Educational age group and Yes For schools
programmes educational level)
and training For trainers Yes Includlng for
organizations
.. . To promote
Vision, mission, .
. Yes children
and aim .
interest
Visit information Yes
Services -
Including
workshops for
Events Yes children,
birthday
parties

The observation of the online platform reveals that the
platform is designed with the use of features conventionally
related to the space area, e.g name of the café “Orbita”, a
darker colour of the platform associated with the colour of
space, the symbol of “rocket” as a mouse indicator, and
similar elements.

The platform offers the description of 3 non-formal
educational programmes:

e '"Living in Space" (4th-6th grade): The
purpose of the workshop included in the
program is to find out where the Earth is in the
universe, what technologies are needed so that
we can go to other planets

e  "Space Ascension" (classes 7-9): The purpose
of the workshop included in the program is to
prepare and launch a rocket, using
microcontrollers to calculate all the necessary
information.

e "Landing on an unknown planet" (classes 10-
12): The purpose of the workshop included in
the program is to calculate, test and create a
system designed to save people on another
planet. To do this will require microcontroller
programming and testing for data acquisition.

Educational programmes for school children are well
structured in accordance with the children age and
educational level and described. Exemplary educational
materials with open access are available on the platform.
The material, activities, resources are described in a good
and simple way. Instructions for teachers are available as
well. However, learning outcomes could be described, too.

For elementary school teachers, the platform provides
the description of the educational programme, namely
Education program for professional development of
teachers: "Creating a successful interdisciplinary
connection between STEM and humanitarian subjects".
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For organizations, the Centre offers the simulation
"Auseklis" for the development of organizations’ staff
skills in communication and cooperation.

The Space Educational Centre is an educational leisure
and extracurricular destination that offers exploratory
experiences for families and school groups. Combining
education, hands-on lessons and a popular science
approach with a space theme.

The main goal is

e to encourage children's interest in the field of

science, technology, engineering and
mathematics,

e to offer them a view through the prism of
space, and

e to encourage them to connect their future with
1t.

Interactive exposition of the Centre allows visitor to
develop their skills in space exploration, living outside the
Earth, physical and mental health of an astronaut, etc.

The STEM centre in Cesis is established with the
support of Norway grants.

B2. STEM Centre in Liepaja

Table 2 gives the description of the online platform
belonging to STEM Centre in Liepaja, Latvia [18].

TABLE 2 ANALYSIS OF ONLINE PLATFORM OF STEM CENTRE IN

LIEPAJA
STEM Centre in Liepaja
Key function
Sub-function Yes/No Comment
Science and
Name Yes Educatl'on
Innovation
Center /ZIIC
- Staff photo
and contact
Description (year details are
of establishment, Yes shown,
staff number, etc) -Historical
L overview is
Organization presented
contact
information Address and email Yes
Without
Phone number Yes international
code +371
Social media Yes
The Centre
Location on the has three
Yes .
map different
locations
For learners (with
Educational age group and Yes For schools
programmes educational leve])
and training For trainers Yes
.. . To arouse
Vision, mission, N
. Yes children
. and aim .
Services interest
Visit information Yes

STEM Centre in Liepaja
Key function

Sub-function Yes/No Comment

Including

workshops for
Events Yes children,
birthday
parties

The observation of the online platform discloses that
the information and the STEM Centre is well structured.

The Centre presents the description of two non-formal
educational programmes for children:

e  Environmental management for children aged
5to 10 years,
e  Environmental management for children aged
11to 18.
The educational programmes for children are supported
with video materials. Methodical materials with
instructions for teachers as well as illustrations are given.

Description of two training programmes for teachers is
also shown:

e  Ecotechnology for improving the learning
process,
e Digital production in education.
However, the detailed description of these two
educational programmes for teachers is not available.

The Science and Education Innovation Center offers
interactive exhibits. Visitors can try out different
technologies and test the laws of nature for themselves. The
aim of ZIIC is to use the existing expositions at ZIIC to
arouse interest, look for answers, understand them and
enjoy the pleasure of cognition.

This STEM Centre has three different facilities in
different locations in Liepaja: author street, nature house,
and FabLab, co-creation place.

The exposition of the Nature house includes laboratory
equipment, models, and laboratory equipment.

The Nature House fosters the skills in becoming bird
researcher, quality of water specialist, young geographer,
young eco-technologist, young botanist, ant researcher, and
protected nature areas.

The STEM centre in Liepaja is established with the
support of Norway grants.

B3. STEM Centre in Riga

Table 3 introduces the description of the online
platform belonging to STEM Centre in Riga, Latvia [19].

TABLE 3 ANALYSIS OF ONLINE PLATFORM OF STEM CENTRE IN RIGA

STEM Centre in Riga

Key function

Sub-function Yes/No Comment

Name Yes FUTURIMO

Organization
contact
information

Description (year
of establishment, Yes
staff number, etc)

Staff photo
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STEM Centre in Riga

Key function

Sub-function Yes/No Comment
Address and email Yes
With
Phone number Yes international
code +371
Social media Yes

Location on the
map
For learners (with

Educational age group and Yes For schools
programmes educational level)
traini .
and training For trainers No
.. .. To stimulate
Vision, mission, .
. Yes children
and aim !
interest
Services Visit information Yes
Includi t
Events Yes ncluding boo

camps

The observation of the online platform allows finding
that the presented information is well organised.

The platform proposes the description of five non-
formal educational programmes:

e Little Engineers: Can Newton's Third Law be
explained and taught to preschoolers? It can be
taught through playing and practical activities
with everyday objects, age-appropriate toys
and objects around us in nature.

e Engineering Club: A series of practical lessons
for high school students, in which they will
acquire the skills to independently conduct
research in the STEM field, learning physics,
electronics, robotics and prototyping.

e Electronics Workshop: A practical cycle of
lessons for students, in which they will learn
the basics of electrical engineering. They will
get an idea of the eclements of electrical
engineering and electronics, their operation,
learn to use various instruments, measuring
devices and equipment, solve and analyze
electrical engineering problems, evaluate the
energy efficiency of equipment, as well as
design and develop prototypes.

e Piloting of Unmanned Aircraft (Drones):
Nowadays, drones are used very widely - from
toys for entertainment to capturing various
events in photos and videos, surveying
territories and objects, ensuring protection,
etc. Even sports competitions are held, where
drones reach a speed of 250 km in flight.

e Basics of Aviation Technology: A unique
group for aviation enthusiasts, where you can
not only gain knowledge about aircraft, their
structure, history and achievements, but also
try your hand at piloting aircraft using
simulators and see with your own eyes the
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daily operation of airports by visiting Riga
Airport and the training centre of the national
airline “airBaltic”.
Instructions for teachers as well as textbooks, video
materials, and illustration are not available.

The platform does not offer

programme for teachers.

any educational

The aim of the Centre is to stimulate children's interest
in engineering, giving them the opportunity to associate
their future profession with it.

The STEM Centre is part of Riga Technical University
from Latvia.

B4. STEM Centre in Sigulda

Table 4 highlights the description of the online platform
belonging to STEAM Centre in Sigulda, Latvia [20].

TABLE 4 ANALYSIS OF ONLINE PLATFORM OF STEM CENTRE IN

SIGULDA
STEM Centre in Sigulda
Key function
Sub-function Yes/No Comment
Name Yes STEAM
Centrs
Description (year Staff
of establishment, Yes information
staff number, etc) and photo
L. . The address is
Organization | Address and email Yes not given
fr(l)frcl)tﬁfltation With
Phone number Yes international
code +371
Social media Yes
Location on the
No
map
School
For learners (with children
Educational age group and Yes including
programmes educational 1evel) famlly
and training members
For trainers Yes
Vision, mission, To develop
. Yes Y .
and aim learners’ skills
Visit information Yes
Services Including
Workshops at
Events Yes schools and
educational
parties

The online platform is available only in Latvian
language.

The online platform offers educational programmes for
school children, families and teachers /trainers. However,
details about the educational programmes are not revealed.

The STEAM (Science, Technology, Engineering, Art
and Mathematics) centre aims at developing students'
creativity, critical thinking and problem-solving skills
though an innovative and practical approach to learning. It
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gives access to modern teaching tools and technologies
(virtual reality, fable robots, fun floor, and korbo blocks)
for the development of real projects. The centre is a place
where students can experiment, collaborate and delve into
various topics, from robotics and programming to
combining art and design with technology to make a step
into the global age of innovation. The STEAM Centre is
part of Roboschool.

B5. STEM Centre in Ventspils

Table 5 discloses the description of the online platform
belonging to STEM Centre in Ventspils, Latvia [21].

TABLE 5 ANALYSIS OF ONLINE PLATFORM OF STEM CENTRE IN

VENTSPILS
STEM Centre in Ventspils
Key function
Sub-function Yes/No Comment
Science
Name Yes Centre
VIZIUM
Description (year
of establishment, No
staff number, etc)
Organization | Address and email Yes
contact
information With
Phone number Yes international
code +371
Social media Yes
Location on the
No
map
For learners (with
Educational age group and No
programmes educational level)
and training For trainers No
Vision, mission, To educate
. Yes .
and aim children
Services Visit information Yes
Events Yes Creative
workshops

The online platform is available in Latvian and English
languages.

The online platform does not intend visitors’

participation in educational programmes.

VIZIUM represents a future city. The Centre has more
than 80 interactive and educational exhibits, including
creative workshops and science shows to learn science,
physics and mathematics, modern technology and
programming, healthy lifestyle, human and self-
exploration, geography, etc.

At VIZIUM, everyone can step into the shoes of a
football player, shooter and snowboarder, experience the
force of earthquake, escape from a virtual maze, try on
virtual traditional costumes, go on a roller coaster ride,
draw in the virtual reality, etc. VIZIUM also offers visiting
technical creative workshops and science shows which
provide added value to the visit of the Science Centre.

Pre-school children are given an opportunity to play at
the Little Explorers Gallery, where everyone including
family members can do shopping at a grocery store and
refuel using own game bank card, or to become little
constructors and play with water attraction.

The Science Centre VIZIUM also offers to climb the
30-metre high observation platform with the spectacular
view over Ventspils.

The mission of the Science Centre is to invite and
motivate everyone to be interested in, explore and gain
knowledge in STEM field, replenishing the formal
education with exciting and interactive world exploring
experience.

The STEM centre in Ventspils is established with the
support of Norway grants.

Modern learners spend most of their learning lives
indoors including use of smart devices [14]. The prevalence
of indoor learning in Latvia is often impacted by the
weather conditions [15]. The period of the school year
(autumn - winter - spring) coincides with the coldest time
of the year in Latvia [15]. Due to the weather conditions in
Latvia, outdoor activities are mostly used as non-formal
education. Outdoor learning is a means of expanding and
enriching the educational program through outdoor
experiences [14]. The implementation of outdoor education
ensures [14]

sensory experience of learners;
unity of indoor and outdoor environment;
awareness of the environment as a whole;
awareness of the importance of promoting
sustainable development;
e identifying the interdisciplinarity of the
curriculum.

Based on the factors of cold weather conditions in
Latvia and global digitalisation, on the one hand, learners
become alienated from the natural environment, and, on the
other hand their abilities to work with digital devices
increase [14].

In digital age, online platforms ensure links between
STEM centres and their visitors. Online platforms of
STEM centres provide important information about STEM
centre’s aims, functions, facilities, and services. Online
platforms also serve as a communication tool (use of emails
and similar) between the STEM centre and its clients as
well as stakeholders. Therefore, for the increase of the
online platforms’ efficiency, it is important to present all
the organisation’s details, namely organisations’ name, a
short description (year of establishment, staff number, etc),
address and email, phone number with the international
code, social media, and location on the map.

In comparison, the previously implemented research
highlighted that effective design of STEM platforms is
crucial [22]. This includes the use of terminology on STEM
platforms understandable for all users [22]. User friendly
design of STEM platforms may help engage different
stakeholders such as teachers, learners, researchers,
experts, computer specialists, cyber security professionals,
industrial ~ representatives [22]. That would be
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advantageous for the development of STEM platforms. An
important feature of online STEM platforms is that they
scale STEM instruction with equivalent learning outcomes
at lower cost [23].

Our observation of five online platforms belonging to
STEM centres in different regions of Latvia allows finding
out that each of the STEM centres has its own
specialisation:

e Space Educational Centre in Cesis focuses on
space related topics including natural
resources;

e Science and Education Innovation Center
/ZIIC in Liepaja deals with nature, biology,
geography, water;

e FUTURIMO in Riga attracts by wind and
geographical landscape for aviation and
drones training;

e STEAM in Sigulda has the emphasis on built
environment by leveraging virtual reality,
fable robots, fun floor, and korbo blocks; and

e Science centre VIZIUM in Ventspils
represents healthy lifestyle, human and self-
exploration, and geography in a city of the
future.

The focus of each STEM centre promotes outdoor
STEM education from different perspectives (water, air,
earth, space, and nature). Therefore, the cooperation
between these STEM centres might strengthen visitors’
understanding and skills in sustainable development of
Latvia.

IV. CONCLUSIONS

The theoretical analysis allows shaping the framework
for analysis of online platforms belonging to STEM
centres. The framework is built of key functions
(organisation contact information, educational
programmes, and training to services) and sub-functions
reflected in Figure 1 that online platforms are expected to
present.

The comparative analysis based on the descriptive
study shows that only two online platforms provide the
information about all the sub-functions highlighted in the
developed framework. Two platforms mostly disclose the
sub-functions, and one platform partly covers the necessary
information. It should be noted that four STEM centres that
fully or mostly reveal the sub-functions have been
supported by Norway grants or belong to Riga Technical
University.

Our theoretical analysis is limited by the number of
existing scientific literature in English. Theoretical analysis
in other languages than English may advance further
development of online platform for strengthening of STEM
education. Another limiting factor is that online platforms
were observed by the researchers who took part in this
study. Interviews or surveys with the participation of online
platforms’ users might lead to the creation of a framework
with other key functions and sub-functions.
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Practical implications on a design of online platforms
for STEM centres imply that online platforms should be
user friendly. A design of online platform should provide a
positive emotional experience to stimulate visitors’
curiosity. Another important aspect is to include all the
organisations details such as name, a short description (year
of establishment, staff number, etc), address and email,
phone number with the international code, social media,
and location on the map. In regard to educational materials,
important is to give open access to the educational
materials to all the users. This might increase their interest
to visit STEM Centre in person.

Further research will focus on the analysis of
experience of online platforms’ users. Inclusion of artificial
intelligence in online platforms can be studied as well. That
might contribute to making online platforms friendly for
their users. Comparative studies of online platforms
belonging to STEM centres in Latvia and other countries
can be helpful for their further advancement. Incorporation
of Artificial Intelligence in online platforms of the STEM
Centres in Latvia would be an interesting field of
investigation. Analysis of scientific literature in other
languages than English is an important step in enhancing
the framework built within this work.

The research results contribute to the innovation. The
innovation is the unity of the five STEM centres in Latvia
as one network and the establishment of close collaboration
between them. This collaboration would support the whole
approach to outdoor STEM education, the development of
systemic, sequential, and gradual educational materials.
This would increase learners’ understanding of STEM
education as well as sustainable development of Latvia.
The links between five STEM centres in Latvia should also
be shown on their online platforms.
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Abstract—one of the most pressing problems in education in
Latvia today is to prepare specialists to participate in the
labour market and become specialists who respect and
ensure occupational safety for those working in the national
economy. The study analysed the aspects of cognitive
ergonomics for students in the framework of the professional
practice of “Motor tools”. Working with a chainsaw can
create dangerous situations, significantly endangering a
person’s health or even life, as well as affecting his or her
working capacity. The well-being of the employee
significantly affects the quality and performance of work,
because cognitive aspects — fatigue, stress - affect a person’s
working capacity. Different methods were used to evaluate
the impact of cognitive ergonomics on students’ work
abilities: a survey, key indicator method (A, B and C), the
method of determining the psychological climate, the method
of work ability index, quick exposure check method, expert
interviews, as well as the NASA-TLX method. Kendall
correlation coefficient calculation methods were used. Work
abilities were analysed at the beginning and end of the
internship for both full-time and part-time students. The
results of the study show that during professional practice
students have an increased workload, as well as a
significantly increased physical load, causing overload to be
possible for individuals with normal physical fitness. Fatigue
and reduced performance appear at the end of the practice,
especially when it was necessary to make decisions about
action in emergency situations. Based on the consensus of
experts as characterized by the Kendall correlation
coefficient, (p < 0.05) cognitive aspects significantly affect a

safe work environment, negatively affecting work
productivity and human performance, and response to
emergency situations. Currently, due to physical
unpreparedness, students often face ergonomic overload
caused by a lack of experience and knowledge of work safety,
which manifests itself in physical fatigue. Instructors need to
pay more attention and point out incorrect or non-ergonomic
actions and movements in order to promote a more balanced
and safer work environment. As well, students themselves
need to pay more attention to their work performance.

Keywords— cognitive ergonomics, engineering education,
logging industry, work capabilities.

[. INTRODUCTION

Forestry workers are exposed to work environment risk
factors, including the impact of cognitive ergonomics on
the performance and health of employees because cognitive
ergonomics is related to mental processes: motor response,
memory, perception, and reasoning [1]. In line with the
International Ergonomics Association's definition of
cognitive ergonomics, research analyses mental workload,
decision-making, performance quality, human-computer
interaction, work stress, and learning effectiveness.

Statistical data indicate that in Latvia in 2022, more
than 90% of occupational diseases were related to physical
overload, although in 2021, there was a change in work
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environment factors from ergonomic risks to psycho-
emotional risk factors [2].

A study [3] found that one of the results of stress is
increased sleepiness during work and that employees who
have been working for more than eleven years are more
susceptible, indicating that age plays a significant role.

Cognitively  stressful ~ conditions  (interruptions,
disruptions, and information overload) are associated with
impaired task performance and impaired well-being at
work, indicating the need to significantly reduce their
harmful effects [4], as labour productivity depends on the
cognitive abilities of the working person.

The study [5] indicates that there is a lack of cognitive
research in the field of ergonomics, employee burnout
research, and comprehensive ergonomics and productivity
research in the field of logging during the period 2005-
2016.

In turn, an analysis of the study conducted from 2014
to 2023 [6] shows that the main logging risk factors found
in the studies are related to workload (23%), noise (20%),
vibrations (20%), postural load (16%), and musculoskeletal
disorders (7%).

In Latvia, there are few studies analyzing work
environment risks in the logging industry or the education
of these specialists, especially in the context of cognitive
ergonomics.

II. MATERIALS AND METHODS

The study was conducted during professional practice,
where knowledge of working with a chainsaw was
reinforced, including observance of occupational safety
procedures, awareness of personal protective equipment
and its use, and obtaining a power tool operator's license
after passing the exam at the end of the practice.

The location of the internship is Zemgale region,
Jelgava municipality, Ozolnieki parish, (MPS) forest
research station forest block 58, section 24, narrow-leaved
forest, with an area of 1,920 ha and stand composition 10P
130, coordinates of the research object - 56°42°24.8”N,
23°48°08.3”E. As part of the training, main or renewal
felling was carried out.

Ist year full-time students and 2nd year part-time
students participate in the professional internship. The
period for part-time students is from 31.07.2023 to
11.08.2023, and for full-time students, it is from
14.08.2023 to 25.08.2023.

In the internship training, 49 students from the full-time
group were scheduled, of whom 44 were men, and 5 were
women, in the age group 19 to 21 years old. However, one
student did not participate in the professional internship
training due to health conditions. Of the part-time study
program, 35 students were scheduled to participate in the
internship, of whom 28 were men, and 7 were women, in

the age group 19 to 43 years old. However, 8 people did not
participate in the internship due to personal reasons or
health conditions.

To assess the impact of cognitive ergonomics on
students' work capacity during the “Motor Instruments”
internship, a survey, the main load indicator method (A; B;
C), and the psychological climate determination method
were used [7]. To determine the interaction of mental and
physical workload, the obtained respondent ratings were
electronically processed using the NASA — TLX online
program [8]. The results of the expert survey were
processed using the non-parametric statistical method with
Kendall rank correlation, which determines the correlation
coefficient W [9], as well as an interactive program for
determining (p value) [10]. For more accurate data, non-
parametric statistics were also determined — median, mode,
and range. Work capacity was analyzed at the beginning
and end of the internship for both full-time and part-time
students.

III. RESULTS AND DISCUSSIONS

During the "power tool" practice sessions, the
instructors observed that students at the beginning of the
internship lack theoretical and practical knowledge, which
complicates the instructors' work, as they must ensure
safety for themselves and others by teaching the basics of
work safety, work ergonomics, tree felling, pruning and
pruning, as well as ensuring a sufficient level of knowledge
so that the students can pass the final exam and obtain a
certificate. Students are subjected to a sufficiently high
level of stress and hard work that it leads to psycho-
emotional and physical burnout.

Since the internship takes place in the summer month
of August, regardless of the weather conditions (very hot),
the daily schedule must be fulfilled, however, weather
conditions have a noticeable impact on the efficiency and
duration of work. The work clothes provided are thick,
heavy, and for some students do not meet height and size
requirements. In hot weather, one can quickly overheat in
work clothes, causing intense sweating, which leads to
dehydration and fatigue. During the first week of practice,
most students experience a strong sense of fear when
working with a saw, feel insecure and unsure of
themselves, and make many mistakes in violation of work
safety regulations. Working in the forest requires great
responsibility and precision - you have to make correct cuts
and crosscuts, remember warning signals, ensure a safe
environment for yourself and those around you, work in a
routine, and perform monotonous tasks.

Saw operators have to perform many activities on a
daily basis which include lifting, moving and holding, as
well as monotonous activities Table 1, which were assessed
using the method developed by the Institute for
Occupational Safety and Health Protection for assessing
ergonomic risks [11].
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TABLE 1 WORKLOAD RISK LEVEL FOR THOSE EMPLOYED IN THE PRACTICE OF “POWER TOOLS”

Gender Indicator Total | Risk level
points a-v
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SGR-C M - - 2 1 1 2 0 1 22 1I
SGR-C - F - 2 1 1 2 0 1 22 1I
It was found that for SGR-A, lifting and moving, which ~ reduced working capacity (people younger than 21 or older
in this case is an electric saw and a petrol chainsaw, both ~ than 40, as well as those who are not physically fit and
men with 32 points and women with 40 points are exposed ~ people who are sick.
to occupational risk group III, which means that the work To find out how favourable the psychological
has a significantly increased physical load, and overload is ~ microclimate is during the “power tool” practice, a survey
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possible for individuals with normal physical fitness. For
SGR-B, pushing and rolling assorted firewood, small logs,
etc., men are exposed to the III risk group with 38 points,
indicating that the weight of the material to be moved is
significantly increased and overload is possible for people
with normal physical fitness. In turn, women are exposed
to risk group II with 24.7 points, which indicates that
physical overload is possible for people older than 40 or
younger than 21 years of age, as well as for people suffering
from diseases. SGR-C, monotonous manual activities
(picking branches), both women and men with 22 points
are exposed to risk group II, which indicates that the load
is increased and overload is possible for people with

35
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1 Start of practice
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was conducted where the answers were provided by 2nd
year full-time and 3rd year part-time students. For more
detailed results, the respondents were divided into age
groups, where 1st group (18 — 20 years); 2nd group (21 —
24 years); 3rd group (25 — 30 years); 4th group (31 — 35
years) and 5th group (36 — 41 years).

The survey results Fig. 1 show that the highest number
of responses were submitted by students in the first age
group (58.33%), but the least responses were submitted by
students in the fifth age group (6.12%). It is also observed
that group 1 and group 4 evaluated the first week of practice
with a lower score, but the second week of practice with a
higher score, which indicates that students were more
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dissatisfied with something in the first week of
professional practice. For group 2, group 3 and group 5, it
is observed that the score was higher in the first week, but
lower in the second week.

Fig. 1. Summary of the psychological microclimate among students.

As indicated by the results summarized in the
questionnaire, during the internship, 42% of students felt
free and without unnecessary stress under the supervision

of instructors, however, 58% of respondents indicated that
their stress level was indeed increased.

TABLE 2 PROCESSING THE RESULTS OF THE PSYCHOLOGICAL MICROCLIMATE TEST WITH AN ONLINE INTERACTIVE CALCULATOR

Study' progn:am Respondents, Respondents, Amplitude, Median, M. Mode, M, Mean
(practicum time) number number A
Start of full-time student internship 29 1277 16 44 40 443
End of full-time student internship 27 1239 10 46 40 459
Full-time student internship in February- 29 1129 18 38 40 389
March
Part-time student internship begins 12 846 11 43 42;43 44.5
End of part-time student internship 22 928 16 42 37;42 422
Part-time student student internship in 19 802 11 9 0 42
February-March

In the results submitted by the students of the full-time
study program, Table 2 shows that in the first week of
practice, the arithmetic mean or the sum of the average
values of the data set is 40.3 points, and in the second week
of practice, 45.9, which, according to the values of the point
scale, indicates that the psychological microclimate
supports a healthy work environment. The results obtained
in February - March show that the students' opinion about
the psychological microclimate has changed slightly and
the average sum of the values is 38.9, which indicates that
there were probably disagreements in the work team that
had to be resolved.

In the NASA — TLX survey, respondents assessed how
low or high the workload is during professional practice.
The survey assessed six workload subgroups (mental
workload, physical and temporal workload, -effort,
performance and frustration), the assessment of these
factors is based on the work duties performed by students.
The aggregated results of full-time and part-time study
program students show Fig. 2 that the average workload
assessment during professional practice is 57.30 points,
which confirms that the workload is increased during
professional practice.

During professional practice, it was observed that physical
risks the work environment significantly affect the quality
of work performance, as the practice takes place in August,
the hottest summer month (+27°, +28°). This increased
stress and fatigue for students, which was compounded by
the noise and vibration caused by the saw. Being
surrounded by noise causes fatigue as well as nervousness.
During the “power tool” practice, it is mandatory to wear

ear protection, because the noise caused by a gasoline
chainsaw reaches 106 decibels (dB), while an electric saw
reaches 95 decibels (dB), which means that the noise can
be harmful to hearing. Such noise creates difficulties in
communicating with teammates, and can also cause
changes or disturbances in hearing. Similarly, the
vibration caused by the saw increases the stress level,
making the student more nervous. Increased vibration can
cause a loss of strength. Similar studies have shown that
high cognitive load can increase stress, emotional and
mental fatigue, reducing students' ability to acquire
knowledge as cognitive overload increases [12], therefore
it is important to consider options for reducing the load, as
it significantly affects outcomes [13].
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Fig. 2. Assessment of the total workload provided by students.

To assess how cognitive aspects affect students' work
capacity and stress, and what improvements should be
introduced into the ‘“Power Tools" practice, the study
involved 15 experts. from three different sectors: 5
medical experts, 5 occupational safety experts, and 5 forest
industry experts. The criteria for selecting experts
encompassed education, work experience and experience
in their sector (experts' work experience from 5 to 25
years; all experts had higher education). The interview
consists of 10 open questions and a point rating which
determines the relevance of the question.

Key expert insights:

e Before the internship, students' theoretical
knowledge should be tested to determine their
level of preparation for the job, while during
the internship, a smaller number of students
per instructor is needed to allow for longer
individual training per student,

e Participating in internships with serious
previous injuries can contribute to discomfort,
pain, and stress, so a doctor should be

consulted before participating in internships
where students may be exposed to increased
stress,

e Due to physical unpreparedness, students
often face ergonomic overload — due to a lack
of experience and knowledge of proper
ergonomics - which manifests itself in
physical fatigue. Instructors need to pay more
attention and correct non-ergonomic actions
and movements,

e Before the start of the internship, it is
necessary to repeat or undergo first aid or
emergency medical care courses, because
working with a saw in the forest, a person is
exposed to various risk factors,

e Where the employee is exposed to increased
workload, it is recommended to perform
relaxation exercises every day after work,

e  Students of the Forestry Engineering program
need to acquire in-depth knowledge of
working with a saw (petrol chainsaw, electric
saw), because as future direct supervisors,
they must be familiar with correct work
techniques and occupational safety in logging,
forest maintenance, etc.,

e Occupational safety regulations must not be
ignored; instructors must respond to and point
out mistakes made by students in order to
encourage them to recognize and analyse their
mistakes,

e Students do not sufficiently respect work
safety, which is the result of a lack of work
experience, lack of knowledge, youthful
maximalism, as well as working in a
dangerous work environment, which increases
the stress level, causing a person to become
careless and insecure.

In order to evaluate the importance rankings of the
competence components, the data are summarized in Table
3. The obtained results were subjected to statistical data
processing, where non-parametric statistics were
determined: mode Mo, median Me and amplitude A.

TABLE 3 RELATIVE IMPORTANCE OF COMPONENTS

Competency components
Experts Total
Medicine Ergonomics Work safety Civil protection Forestry
A 1 3 2 5 4 15
B 2 3 1 4 5 15
C 3 4 1 5 2 15
D 3 4 1 2 5 15
E 1 4 2 5 3 15
F 4 2 1 5 3 15
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Competency components

Experts Total
Medicine Ergonomics Work safety Civil protection Forestry

G 4 2 1 5 3 15
H 4 3 1 5 2 15
I 2 3 1 5 4 15
J 4 2 1 5 3 15
K 3 2 4 1 5 15
L 1 4 2 5 3 15
M 1 2 3 4 5 15
N 1 3 2 5 4 15
(6] 3 1 2 5 4 15
Sum of ranks, L; 37 42 25 65 55 225
Sum of ranks,

rank 2 3 1 5 4 -
Median, M, 3 3 1 5 4 -
Moda, M, 1 3;2 1 5 3 -
Amplitude, A 3 3 3 4 3 -

The consensus of the importance ranking of the
components of the expert survey results was calculated
using the Kendall correlation coefficient W and its

significance level (1).

W =

12XS

12x1014

12168 _

m2n (n2-1)  152x5 (52—-1) 27000

0.45

(M

Kendall's concordance coefficient W
significance level is p < 0.05. The survey components are
ranked: medicine — 1, ergonomics — 2, occupational safety
— 3, civil protection — 4, forestry — 5. By comparing the

sums of the Li ratings, it was found that Table 4.

0.45, its

TABLE 4 CONSENSUS OF EXPERTSURVEY IMPORTANCE RATING

Experts

Competency components

Medicine

Ergonomics

Work safety

Civil protection

Forestry

Total

—

2

4

15

1

15

15

W | W N

15

—

15

15

15

T QMmoo |iQ|w| >

15

—

15

—

R I S T N

N W W i [NV W

LV I IRV R BV, T BV, T BV I RO I B NS R B T e N Y

WA N |[W | W | W | w [N |wm

15

[\S)

—_

W

15

15

15

W | B

15

[NSRE SN VR RN S

LV NV, T N SN V)

A A0 W

15

n=5

Sum of ranks, L;

37

42

25

66

55

225

38



Environment. Technology. Resources. Rezekne, Latvia

Proceedings of the 16th International Scientific and Practical Conference. 2025. Volume 111, 33-39

Competency components
Experts Total
Medicine Ergonomics Work safety Civil protection Forestry
Liranks 2 3 1 5 4 -
d; 22 27 10 51 40 150
d? 484 729 100 2601 1600 5514
The level of significance of medicine and ergonomics [2] L. Bulotaite, D. Soryte, S. Vicaite, R. Sidagyte, S. Lakisa, I.

is in good agreement, i.e. no significant differences were
found (p = 0.56). The level of importance of medical and
occupational safety is weakly correlated, i.e. no significant
differences were found (p = 0.13). Very significant
differences were found for medical and civil protection
assessments (p < 0.00). Significant differences were found
for medical and forestry assessments (p < 0.05). Significant
differences were found for ergonomics and occupational
safety assessments (p < 0.04). Significant differences were
found for ergonomics and civil protection assessments (p <
0.02). The level of importance of ergonomics and forestry
is moderate, or no significant differences are observed (p =
0.19). Between occupational safety and civil protection
assessments, it was found that there are extremely
significant differences (p < 0.00). Between occupational
safety and forestry assessments, it was found that there are
extremely significant differences (p < 0.00). The level of
importance of civil protection and forestry is moderate
coincidence, or no significant differences are observed (p
=0.30).

CONCLUSIONS

The results of the study show that during professional
practice, students have an increased workload, as well as a
significantly increased physical load, where overload is
possible for individuals with normal physical fitness.
Fatigue and reduced working capacity appear at the end of
the practice, especially when it was necessary to make
decisions about action in emergency situations. Instructors
should offer students stress-relieving exercises that would
be used daily to relieve muscle strain. Internships should be
held in the autumn-spring period, reducing psycho-
emotional risk factors, which are otherwise exacerbated by
heat, sweating, overheating, insects, etc.. In adverse
weather conditions, one should leave the work environment
in a timely manner, without endangering oneself and
others.

Further research on the assessment of the logging work
environment is particularly relevant, because today’s
students become the next generation of direct supervisors,
who must know correct work techniques and occupational
safety practices in logging, forest care, etc.
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Abstract — The article deals with the educational
conditions for the formation of special competence of the
future agricultural engineering specialists in the process of
professionally oriented training in physics. The authors
analyse approaches to integrating physical knowledge with
professional tasks, relevant to the branch of agricultural
engineering, emphasizing the importance to develop in the
students a comprehensive understanding of the relationship
between the theoretical foundations and the solutions of
practical engineering. There is revealed the importance of
an interdisciplinary approach in creating educational
programs, aimed at the development of the students' ability
to apply physical laws and principles in order to solve real
problems of production. There are identified the key
educational conditions that contribute to the formation of
special competence, including: application of problem-
oriented learning, aimed at the development of the students'
skills in independent analysis of engineering problems and
finding solutions; the use of modern technologies for
modelling physical processes, allowing for the visualization
of complex phenomena and the reproduction of working
scenarios of the agricultural engineering activities; the
development of critical thinking, ensuring the ability to
evaluate and interpret scientific data in a professional
context; the formation of teamwork skills, which is
important for efficient interaction in production conditions

and solution of complex problems. Particular attention is
paid to the digital educational technologies, such as virtual
laboratories, digital simulators and software packages that
simulate technological processes in the agricultural sector.
These tools allow the students to practice engineering skills,
to test various models, and analyse their efficiency without
the risk of real losses. An impact is assessed in the study of
these educational conditions upon the level of training the
students in the field of agricultural engineering. The results
showed that the use of an integrative approach and digital
technologies helps to raise the level of mastery of the
educational material by 30-35%, to increase the degree of
the students’ involvement in the educational process, and
develop practical engineering skills. Analysis of academic
performance has shown that the students studying in a
digital and practice-oriented educational environment are
by 40% better at the tasks that require an analytical
approach and by 25% faster at adaptation to professional
conditions. A conclusion is made that the creation of
favourable educational conditions, based on a combination
of traditional and innovative teaching methods, can improve
the efficiency of professional training of agricultural
engineers, ensuring their readiness to solve complex
engineering problems, develop innovative thinking and
successfully adapt to digital transformations in the agro-
industrial complex.
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L INTRODUCTION

Training qualified specialists with developed special
competence is one of the priority areas in the field of
professional education. Specialists who are ready to
efficiently solve professional problems are in demand in
the conditions of the modern agro-industrial sector. This
requires the introduction of new approaches to teaching
that ensure a harmonious combination of theoretical
knowledge with practical skills and an emphasis on
professionally oriented tasks.

Physics, being the foundation of the engineering
education, occupies a special place in the training of the
future specialists in agricultural engineering: it provides
an understanding of the basic laws of nature, underlying
agricultural technologies, and forms scientific and
technical thinking.

The accelerated development of the agro-industrial
complex necessitates improved training of the personnel
for this area, which underlines the relevance of the
research topic. Application of innovative educational
technologies and the integration of academic disciplines,
such as physics, with professional activities make it
possible to create conditions for the development of the
students’ competencies that are necessary for the solution
of complex engineering problems. In this context
professionally oriented training in physics plays the key
role, as it promotes not only an in-depth study of theory
but also the development of skills for its application to
solve the current problems in the agricultural engineering
industry.

Research of the problem of forming professional
orientation of training specialists of various profiles is
widely presented in the works of the domestic and foreign
scientists, involved in pedagogy, psychology, and also in
methods of professional education. As a rule, there are
considered as the basis the issues of the motives for
professional activity, interests and value orientations,
pedagogical conditions for training specialists, etc.

Investigations into the problem of development
professional orientation for training specialists in various
fields have been revealed in the scientific works of
Beloev, 1. et al. [1], Johnson, D. et al. [2], L. Miller, A.,
Green, T. [3], Smith, J., Brown, K. [4].

The experience of transforming professional education
in the field of agricultural engineering is presented in
cases from various countries (Germany, Kenya, India,
Canada). Particular attention is paid to the implementation
of dual learning, digital technologies and a STEM-
oriented approach. The authors [2; 5; 6] analyse the use of
digital tools and modelling in teaching engineering
disciplines.

Comparison of the traditional and the digital teaching
methods, as well as an analysis of the students' academic
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achievements after the implementation of digital solutions
were made by Taylor, P., Wang, H. [7]. The authors
conclude that there is a need for further development of
digital tools in the education of agricultural engineering to
adapt to the requirements of modern industry. There are
considered the key aspects of digitalization of education
and its impact upon the learning process, proposing
strategies for the integration of online resources, virtual
laboratories and interactive platforms into the learning
process [8; 9]. Lin et al. consider the importance of
professional support and exchange of experience among
the teachers for successful implementation of digital
technologies into modern education [10].

In their works [11; 12] the authors examine modern
teaching methods, aimed at integration of fundamental
physical knowledge with the professional training of the
future engineers. The authors note the importance of
further development of innovative educational methods in
the training of the future specialists.

Although the scientific and methodological
publications often examine this topic in depth, they often
lack a clear plan of action. Therefore, there is a need to
develop detailed methodological materials that would
regulate the set of methods and teaching tools within a
specific discipline. Such materials should not only
contribute to the formation and development of
professional qualities of the students but also contribute to
the solution of current problems. An example of such an
approach and its scientific interpretation can be
considered in the form of solving specific scientific and
production problems [13; 14]. This approach - when the
analysis is accompanied by specific recommendations and
practical ways of implementation - is the key factor for the
improvement of the quality of education.

Within the framework of modern pedagogical
discourse, the educational results are most often viewed
through the prism of a competency-based approach. From
his point of view, the result of training is expressed in the
formation of a set of competencies — a kind of “arsenal” of
knowledge, skills, abilities and personal qualities — that
allows one to act efficiently in various professional
contexts. If talking about a future specialist in agricultural
engineering, then his special competence means the
ability to use academic disciplines (in particular physics),
taking into account the current challenges and realities of
the sphere of agricultural engineering, as well as the
ability to successfully solve a set of technical problems in
the process of training and in the future professional
activity.

Practice and the research show that the efficiency of
professionally oriented teaching of natural science
disciplines in universities is directly related to how the
main educational blocks are distributed in time: natural
science, general professional and specialized disciplines.
The linear structure, adopted in the traditional curricula,
often makes the students lose interest in their chosen
profession. In the early years of study, when the interest is
focussed on theoretical courses, many students experience
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the lack of a link between the subjects they study and their
future professional activities, which leads to a decrease in
their motivation and disappointment in the specialty [11].

Bringing the study of natural science disciplines closer
to specialized courses allows one to enhance their
professional significance, strengthen the students’
confidence in the correctness of their choice of profession,
and increase their academic motivation. With such an
approach natural science and he general professional
subjects are perceived not as abstract theoretical courses
but as important tools for understanding the key aspects of
the specialty. This eliminates an accumulation of the
“reserve” knowledge, accelerates its use in professional
training and helps the students develop the necessary
competencies. In addition, this approach creates
conditions for consistent and systematic implementation
of the research work which can begin at the early stages of
training and be completed within the framework of the
diploma project, ensuring the integrity of the educational
process and the development of the applied skills.
Therefore, the purpose of the conducted study is to
identify and substantiate a set of educational conditions
that ensure the formation of special competence of the
future teachers of the agricultural engineering profile
when studying physics in a professionally oriented format.

The research of the efficiency of the new methodology
applied the following modern tools: a digital pedagogical
experiment with online platforms and educational
analytics to assess the quality of the classes, electronic
surveys through specialized mobile applications to receive
the feedback, analysis of academic performance by using
the big data methods and machine learning algorithms to
compare the results, remote expert assessment using the
video conferencing and online collaboration tools, as well
as automated monitoring of the educational process
through the tracking systems of the students’ involvement.

II. MATERIALS AND METHODS

For efficient formation of special competence, certain
educational conditions are necessary which in total will
stimulate the students’ cognitive interest, ensure a high
practice-oriented focus of training and develop the
personal qualities of the future agricultural engineers. Let
us consider the main conditions in more detail.

A. An interdisciplinary approach

The connection of physics with other disciplines, such
as technical mechanics, hydraulics and heat engineering,
engineering  graphics and computer modelling,
agricultural machinery, etc., allows the students to see the
practical significance of the phenomena being studied. A
link between physics and these disciplines plays the key
role in the formation of the students’ professional thinking
[12].

For example, the study of the law of energy
conservation in physics may be associated with the
calculation of the efficiency of the internal combustion
engines, used in agricultural machinery. The laws of
hydraulics find practical application in the design of the
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irrigation systems, where exact calculation of the water
pressure and flow is required. The knowledge of
mechanics is important for the analysis of the load on the
components and assemblies of the agricultural equipment,
allowing to design more reliable machines. In
thermodynamics the students study the heat transfer
processes, which finds application in the development of
the heat pumps and heating systems for agriculture.
Electrodynamics, in turn, helps to understand the
operation principles of electric generators and motors that
are used in the production of modern agricultural.

Practical classes may include modelling of the
irrigation systems, calculation of the parameters of
machines and aggregates, analysis of thermal processes in
the grain dryers, and designing the energy-saving
technologies. For example, application of the knowledge
in physics allows optimizing the operation of the drip
irrigation system which reduces the water consumption
and energy costs. The laboratory experiments, such as
studying the strength of materials, are also used in the
development and testing of the agricultural machinery.

The integration of physics and professional disciplines
develops in the students the skills of an interdisciplinary
approach, analytical thinking and the ability to solve real
engineering problems. This enhances their readiness for
professional activities and increases their motivation to
learn. Thus physics becomes not only the theoretical basis
but also a tool for achieving practical results in
agricultural engineering.

B. Problem-based learning

Setting tasks, based on real professional situations
promotes the development of analytical and critical
thinking.

For example, the students may be asked to develop a
project to optimize the operation of a heat pump for
heating a greenhouse, where it is necessary, to calculate
the energy costs and efficiency of the system. It is also
possible to create models of the operation of the wind
turbines which are used to provide agricultural facilities
with electricity, with calculations of the efficiency factor
and the effect of the wind speed on the energy generation.
Another example of the task might concern the design of a
grain storage and separation system [15], where the
students analyse the heat loss, the temperature distribution
within the storage facility, and the energy efficiency of the
ventilation system.

The drying chamber is used to remove moisture from
various agricultural products, such as grain, vegetables,
fruits, herbs and others. Diffusion is the key process that
ensures the movement of moisture from the inner layers of
the material to the surface, from where it evaporates. Such
tasks require that the students applied the knowledge of
physics, data analysis, design, and being aware of the
consequences of their decisions “Fig. 1”.
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Fig. 1. Setting the tasks, based on real professional situations.

In the process of completing the tasks, the students
learn to work in teams, to assign roles, and jointly to seek
solutions. In addition, discussing the results with the
teacher allows one to evaluate errors, suggest alternative
approaches and deepen one’s understanding of the
material. This method helps to develop not only
professional skills but also an ability to solve complex
engineering problems, which is the key requirement in the
field of agricultural engineering.

C. The use of modern technologies

The introduction of the computer modelling and
laboratory work, using digital tools, allows for a deeper
understanding of physical processes and their application
in agricultural engineering. Computer modelling provides
an ability to visualize the complex processes, such as the
heat transfer, hydraulics and mechanics, making them
easier to understand and analyse. For example, using
software, such as MATLAB, SolidWorks, or ANSYS, the
students can simulate pumps, the irrigation systems, the
heating systems, or the designs of the agricultural
equipment, giving them an insight into the behaviour of
real objects under different conditions “Fig. 2”.

The water pump of a car creates a pressure drop in order
to force the coolant to circulate through the engine and
radiator. The rotation of the impeller (curved blades of the
pump) creates a centrifugal force that increases the kinetic
energy of the liquid, causing it to move through the
system.

Agricultural Engineering

Fig. 2 Computer simulation of the operation of the pump of a car.

The laboratory work with digital instruments allows
one to collect accurate data and analyse it with a high
degree of detail. Using the temperature, pressure and
humidity sensors in educational experiments allows for
real-time measurements, which is particularly useful for
studying the irrigation or ventilation systems. Virtual
laboratories and simulators give the students access to
perform complex experiments without the need for
expensive equipment. Virtual labs and simulators give
students access to perform complex experiments without
the need for expensive equipment. Such technologies
ensure flexibility and accessibility to learning, especially
for the students in remote regions. In addition, the
technologies of augmented and virtual reality make it
possible to create interactive 3D models that the students
can explore while learning about the structure and
operating principles of the agricultural equipment. This
increases their level of engagement and helps them better
understand the theoretical aspects. Thus, the use of
modern technologies not only deepens knowledge but also
makes the students ready to solve real problems that they
will face in their professional activities.

D. The project activities

The work on the projects, related to the solution of
current problems in the industry of agricultural
engineering, it helps the students develop the teamwork
skills and independent search for solutions. Within the
framework of such projects the students join into groups
to complete the tasks that simulate real-life production
situations. For example, one of the tasks might be to the
develop an automatic soil moisture control system, where
the team of students analyse data from the sensors; they
develop a control algorithm, and test the prototype.
Another project may involve designing an energy efficient
agricultural storage system, using modern insulation and
ventilation technologies. In the process of implementation
of such projects, the participants distribute their roles:
someone is responsible for the data collection, someone
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else for calculations, and someone for programming or
technical assembly.

The work with the project may also involve interaction
with the local agrobusinesses, allowing the students to
consider real market conditions and requirements. For
example, a project to develop a mobile platform for
monitoring the crop conditions could involve the use of
unmanned aerial vehicles and data analysis, using neural
networks. Discussion of the results and feedback from the
teachers and external experts help improve the projects
and increase their practical value. Such an approach not
only develops the technical and analytical skills but also
instils in the students a sense of responsibility for the final
result, the ability of efficient interaction in the team and
adapt to the changing conditions of the task.

III. RESULTS AND DISCUSSION

In the course of the research methodological
conditions for the continuity of the formation of physical
and technical concepts and their systems were established
and formulated as an efficient approach to the
implementation of the professional orientation of physics
and the formation of special competence of students.

An experimental determination of the implementation
efficiency of the designed system of professionally
oriented teaching of physics in the formation of special
competence of the future agricultural engineers was
carried out at the institution of higher education “Podolsk
State University” for specialty 208 “Agroengineering”.
Let us present the results of some experimental sections.

The influence of professionally oriented teaching of
physics upon the students’ motivation to study this
discipline was determined by the comparison of the
results of a survey of students (118 people) before
studying physics and after their experimental training. At
the same time there was determined the level of formation
of such a personal factor in the upcoming professional and
pedagogical activities of the students as “responsibility”.
The students were asked to rate on a 10-point scale the
level of importance for them of studying physics in their
professional and pedagogical training, and therefore in the
formation of special competence and responsibility for the
choice of the profession they are pursuing. One of the
experimental sections revealed the level of development
of the students’ vision of the manifestation of physical
laws in the engineering and technology of agricultural
production as a component of special competence (direct
connection: physics-engineering) and such a quality as
“systematization”. At the beginning and end of the
physics course the students were given the task of
providing a maximum number of examples of the use of
physical laws in the industrial and household equipment
and technology. The results of the experiment are
presented in Table 1.

TABLE 1 DISTRIBUTION OF THE STUDENTS' ANSWERS BY THE NUMBER
OF EXAMPLES OF MANIFESTATION OF PHYSICAL LAWS IN TECHNOLOGY

After training (%)
(number of students)

Number of
examples

Before training (%)
(number of students)

45

Less than 3 | 40% (47 students) 15% (18 students)
examples
From 3 to 5 | 35% (41 student) 40% (47 students)
examples
More than 5 | 25% (30 students) 45% (53 students)
examples

After the introduction of experiential learning a
significant shift was observed in the distribution of the
students' responses: the proportion of students who gave
fewer than three examples decreased from 40% to 15%,
while the proportion of the students who gave more than
five examples increased from 25% to 45%. This indicates
an improvement in the students’ ability to systematize
their knowledge and find numerous practical applications
of the physical laws, which is an indicator of an
improvement in the quality of assimilation of the
theoretical material and the development of professional
competencies.

The determination of the degree of development of the
students’ skills to justify the design and operation features
of the agricultural machinery units, based on physical
laws, as an integral part of special competence (the
feedback: technology-physics) and such a skill in their
future work activities as “using knowledge in solving
professional problems” was carried out through a series of
questions, asked to the students before and after
experimental training in physics. The assessment of the
answers was based on 5 generally accepted quality criteria
of answers in pedagogy: correctness, completeness,
practical orientation, logicality of the answer, literacy of
the presentation, assessed on a five-point scale. The
results of the experiment are presented in Table 2.

TABLE 2 DYNAMICS OF DEVELOPMENT OF THE STUDENTS' SKILLS TO
SUBSTANTIATE THE DESIGN FEATURES AND OPERATION OF THE
AGRICULTURAL MACHINERY UNITS, BASED ON PHYSICAL PHENOMENA
AND REGULARITIES

Average level of the assessment of

the responses according to criteria
[ G

=} -
- 2 58| 4 o2
Survey Sal 22| £5| 85| B2
2ol B9l © gl mE| &8
s = €< 88| &7 B¢
AERELEREE
Before th
clorethe 36 | 33 | 31 | 30 | 32
experimental training
AfFeT the experimental 40 39 42 41 43
training

Due to experimental learning, the indicators for such
criteria as practical orientation, logic, and literacy
increased by 1.1 points, and for the rest, on average, by
0.5 points. Such a result demonstrates the high efficiency
of implementation of the system of professional
orientation of physics in the formation of the students’
special competence and an important skill in their future
professional activity as “using their knowledge in solving
professional problems”.

As a result of the study there is noted the positive
dynamics in the development of the students' ability to
substantiate the design and operation features of the
agricultural machinery units, based on physical
phenomena and regularities. The systematic study of
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physics contributes to the expansion of their knowledge,
which is reflected in the increase in the number and
quality of the given examples of practical application of
the theoretical principles. This confirms that a deep
understanding of physics not only deepens the
understanding of fundamental laws but also develops
skills to analyse and justify the operation of complex
technical systems, which is of crucial importance for the
future agricultural engineers.

Thus, the results of the experimental studies showed
high efficiency in the formation of special competence of
the designed and implemented system of professionally
oriented training in physics of the future agricultural
engineers.

CONCLUSIONS

An experimental determination of the efficiency of the
designed system of professionally oriented teaching of
physics showed that its implementation significantly
increases the motivation of the future agricultural
engineers to study this discipline. After the experimental
training the students' average scores according to the
criteria of practical orientation, logic and literacy
increased by 1.1 points, which indicates a significant
expansion of their knowledge and skills in applying the
laws of physics. These results confirm that the systematic
study of physics not only deepens the theoretical basis but
also develops critical thinking, it contributes to the
formation of a vision of the manifestations of physical
laws in the engineering and technology of agricultural
production, and also helps to substantiate the features of
the design and operation of the agricultural machinery
units, which significantly increases the students’
professional competence.

Unlike other investigations in which the professional
orientation of studying physics was often limited to a
general mention of the problems of agricultural
engineering, in our work we have developed a holistic
teaching system, based on specific examples and
scenarios from real agricultural practice. Each topic of the
physics course is accompanied by professional cases
demonstrating the link between the laws of physics and
the operation and maintenance of the agricultural
machinery, as well as the models of technological
processes. This approach allows the future agricultural
engineers not only to acquire theoretical knowledge but
also to see immediately its practical significance, to
analyse the peculiar features of the devices and operating
principles of particular mechanisms, which significantly
accelerates the formation of special competence.

Professionally oriented training in physics creates the
basis for the formation of special competence of the future
agricultural  engineers. The introduction of an
interdisciplinary approach, problem-based learning and
modern technologies allows one to train specialists who
are able to apply efficiently the acquired knowledge in
their professional activities. Further research may be

Agricultural Engineering

aimed at developing new educational technologies and
methods that will help improve this process.
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Abstract — The article highlights modern approaches
and key factors influencing the formation of professional
competence of agricultural engineers in the field of life
safety. In the context of rapid technological development,
digitalization of agricultural production and increased
requirements for safe operation of agricultural machinery,
the training of specialists requires a comprehensive and
multi-level approach. It includes a combination of
theoretical training, practical training, digital technologies
and active learning methods, aimed at the development of
the competencies, required to work in the field of safety. It
has been shown that the use of interactive and problem-
oriented teaching methods, such as the case-stage method,
the discussion method, heuristic questions and paraphrases,
semantic echo, mirror and others, integrated into lectures
and practical classes in discipline "Life Safety", contributes
to a deeper assimilation of the theoretical material. These
methods ensure not only the transfer of knowledge but also
the development of analytical thinking, the ability to predict
risks, make decisions in non-standard situations and work
in a team, which is an important component of the
professional training of agricultural engineers. There have
been identified the key factors, influencing the training
efficiency of specialists in this field, including: motivation of
the students, based on the awareness of the importance of
safety in professional activities; availability of modern

educational resources; the level of qualification of the
teaching staff, including the knowledge of innovative
educational technologies and practical experience in the
field of safety; interaction with employers and specialized
organizations, facilitating the implementation of students'
project activities and industrial practices in real conditions.
Within the framework of the study there is assessed the
efficiency of modern approaches to the development of
professional competence in the field of life safety. The
results showed that the introduction of active learning
methods and digital tools increases the assimilation level of
the material by 35-40%, increases the students’ motivation
by 50%, and helps improve the practical skills to predict
and prevent risks by 30-45%, compared to the traditional
teaching methods. A conclusion is made about the need to
create an adaptive educational system that will ensure the
formation of sustainable professional competencies of
agricultural engineers in the field of life safety. This system
should take into account the contemporary challenges, the
labour market requirements and ensure the training of
specialists capable of risk analysis, making informed
decisions and implementing innovative solutions in the field
of agricultural engineering.
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I. INTRODUCTION

The modern agricultural sector faces numerous
challenges, in particular the need to ensure a high level of
life safety in the production processes. The growing
demands for efficiency, environmental friendliness and
safety of agricultural technologies require specialists not
only to have deep technical knowledge but also the ability
to integrate it into complex safety management systems.

The development of professional competence of an
engineer in the field of life safety is becoming the key task
in the training of highly qualified specialists, capable of
working in conditions of global changes and increased
risks. The importance of integrating modern technologies,
an interdisciplinary approach, active learning and
development of systems thinking to solve these problems
determines the need to improve the teaching methods.

However, in contemporary conditions when, with the
development of technology and the growing number of
dangers, the people do not have time to counteract them,
with the growth of the cost of the error, with the
adaptation of man to danger and violations of the safety
requirements, it becomes necessary to form in the
graduates of higher educational institutions the
requirements for human safety and security. It is the
implementation of these requirements that guarantees the
preservation of working capacity and health as a high
value. Therefore, these requirements must be taken into
account when training the graduates for safe actions in the
production conditions. For the graduates from the
agricultural sector the safety issues are especially relevant
due to the high rate of industrial injuries in this sector of
economy. The graduates from the higher education
institutions with training in engineering are not prepared
for professional activities from the safety standpoint. In
addition, the lack of a developed need for safety and a
propensity to take risks become the conductors of
industry-related injuries for them.

The importance of these skills in the modern society
has become obvious, which is why it is necessary in the
system of higher agricultural education to develop in the
students readiness to adequately assess the production
situations and timely design safe actions, determined
through professional competence in ensuring life safety.
This is what determined the topicality of our research.

In the field of professional education there is a
tendency towards a transition to the formation of
professional competence. Investigations by Woods, D.,
Carrillo, H., Pingali M., Roberts P., Jovanovié, .,
Leveson, N., Skjold, T., Tamascelli, N. and others show
that in the context of education modernization,
professional competence has become the main goal of the
educational process in the vocational education
institutions.

Agricultural Engineer in the Sphere of Life Safety

Several researchers are working to improve the
process of teaching safety in universities by studying the
development of curricula and teaching methods [1; 2],
evaluating the existing process of safety training [3; 7; 8§;
12], and discussing the future challenges for safety
process training since the agro-industrial complex changes
with the introduction of new technologies [4; 5; 9].

In particular, J. Raven interprets competence as an
ability, necessary for the successful completion of specific
tasks in a particular area, which includes specialized
knowledge, professional skills, a certain way of thinking
and awareness of the responsibility for one’s own actions
[10]. Patriarca, R., et al. study the concept and practice of
an integrated approach to the analysis and prevention of
emergency situations in various industries [11]. It is
assumed that the development of professional orientation
depends on the development of basic cognitive and
effective-motivational inclinations, such as professional
knowledge and beliefs [6, 13]. Tamascelli, N. et al.
consider the meta-learning approach as a learning tool,
based on the analysis of major accidents [14]. The authors
examine how organizations can systematically collect and
integrate data from the past accident events to gain
valuable insights into the improvement of the safety
management.

Despite the extensive analysis of this problem in the
scientific and methodological works, there are often no
specific recommendations for its solution. This underlines
the need to develop methodological materials that detail
the system of the teaching methods and tools within a
particular discipline. The machine and labour safety is
formed at the design stage and in the study of their
operational characteristics. Therefore, to form the
educational materials of the discipline, it is advisable to
use modern technical solutions and research in the
industry where the future specialist will work [15-17].
Such materials should contribute to the development of
professional qualities of the students and efficiently solve
he existing problems. The development of such practical
recommendations is the key stage in the process of
improving the educational process. Therefore, the aim of
the study is to develop and substantiate modern
approaches, methods and conditions that contribute to the
formation of professional competence of engineers in the
field of life safety. Achieving this goal will allow one to
create a comprehensive system for training engineers that
meets modern challenges and ensures a high level of
professional competence in the field of life safety.

The following research methods were applied in the
work: digital analysis of literature, regulatory documents
using specialized academic databases, empirical methods,
including online surveys, virtual interviews and automated
observation using educational analytics; experimental
methods based on digital pedagogical experiments and
testing; statistical methods based on data analysis and
machine learning algorithms, as well as practice-oriented
approaches using simulation and modelling educational
platforms. This comprehensive approach ensured the
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reliability and practical significance of the obtained
results.

II. MATERIALS AND METHODS

In contemporary conditions, when technology is
developing and the number of dangerous cases is growing,
the people do not manage to counteract them. With the
growing cost of the error, with the adaptation of the
people to dangerous instances and violations of the safety
requirements, it becomes necessary to develop in the
graduates of higher education institutions an
understanding of inseparable unity of efficient
professional activity with the requirements for human
safety and security. It is the implementation of these
requirements that guarantees the preservation of the
working capacity and health as the highest value.
Therefore, these requirements should be taken into
account when preparing the university graduates for safe
actions under the production conditions. For the graduates
of agricultural universities, the safety issues are especially
relevant due to the high rate of industrial injuries in this
sector of economics. The graduates of higher education
institutions with a training in engineering are not prepared
for professional activities from a safety standpoint. In
addition, the lack of a developed need for safety and a
propensity to take risks becomes a conductor of industrial
injuries.

Taking into account the existing social prerequisites
for the formation of professional competence in ensuring
life safety, manifested in the state policy, an increase in
the level of industrial injuries, an expansion of the range
of hazards and determination of the society’s social order,
factors were identified that hinder the formation of
professional competence in ensuring life safety. Among
them are adaptability and disregard for dangers, which are
manifested in a tendency to take risks and violation of the
motivational foundations of activity. Low level of
proficiency in the theoretical foundations of safety, which
manifests itself in the implementation of industrial risks,
insufficient development of the life safety skills,
manifested in inability to apply the knowledge depending
on the need of a situation and, as a consequence, violation
of the orientation-activity foundations of safety.
Accordingly, the essence of the concept of professional
competence in ensuring life safety, its structure was
determined in the form of a motivational component
(motives, needs, values), a cognitive component
(knowledge), an activity component (skills, possessions,
abilities) and a personal component (professionally
important qualities) [12]. The listed components of
professional competence in ensuring life safety were
characterized by indicators of formation by levels. A
distinctive feature of the formation of professional
competence in ensuring life safety is the mandatory
presence of its component integrity, in the form of an
integral indicator — “safe behaviour strategy” (Table 1).
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TABLE 1 COMPONENTS, INDICATORS AND METHODS FOR THE
DEVELOPMENT OF PROFESSIONAL COMPETENCE IN ENSURING LIFE

SAFETY

Component Indicators Diagnostic tools

Motivational Awareness of the | Methodology for
priority of ensuring | assessing the
safety when | “hierarchy of personal
performing various | needs” according to A.
types of activities; | Maslow; method for
propensity to take | assessing the “degree
risks; formation of | of readiness for risk”
the educational and | by A.M. Schubert;
cognitive method for assessing
component educational motivation

(A.A. Rean, V.A.
Yakunin).

Cognitive Knowledge of the | Test of Intelligence
basics of safe | Structure (TSI) by T.
existence in a | Amthauer; testing
dangerous world; | (achievement  tests);
professional safety | method of diagnostic
orientation in the | situations.
context of the
profession; ability
to analyze from a
safety perspective

Activity- Ability to identify | Assessment  method

based the  safety of | "ability to predict"
working (L.A. Regush); testing
conditions; (achievement tests);
knowledge of safe | Method of diagnostic
action methods; | work (case
ability to predict | assignments, essays,
from a safety | presentations)
perspective

Personal Readiness to apply | Methodology for
solutions in | assessing  volitional
problematic personality traits (M.V.
situations in the | Chumakov); method
presence of a threat | for assessing mental
to life and health, | activation, interest,
manifested in | emotional tone,
professionally tension, comfort (L.A.
important qualities: | Kurgansky)
initiative,
persistence,
determination

The course of lectures of the discipline was carried out
using the following organizational forms: the dialogue
method (lecture-conversation); the discussion method
(lecture-discussion); the visualization method (lecture-
visualization); the problematic presentation method
(problematic lecture); the case method (lecture on the
analysis of specific situations) [1].

A lecture — a discussion on the topics of “Legal bases
of production” and “Organizational bases of safety at
work”; a lecture — visualization on the topics of “Harmful
substances in the air of the working area”, “Technical
means of ensuring labour safety at work”, “Ensuring
safety when exposed to noise, vibration, radiation in the
production conditions”, “Fundamentals of ensuring
electrical and fire safety”; a lecture in a problematic
presentation on the topics of “Ensuring a comfortable
microclimate of industrial premises”, “Industrial lighting”,
“Sanitary and hygienic requirements for general plans,
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industrial utility rooms of enterprises”; a lecture — for two
on the topic of “Safety in the field of the agro-industrial
complex”.

A program for the development of the professional
competence in safety, in the form of a theoretical block of
the discipline “Life Safety”, made it possible to form an
indicator, determined by the totality of knowledge of the
basics of safe existence in a world of dangers, and
professionally safe orientation of the future professional
activity. The ability to analyze was developed throughout
the entire training period. In all forms of the theoretical
training a case method was used with an analysis of
particular security situations. Application of this method
made it possible to develop the students’ analytical
capabilities, the presence of which was confirmed as the
formation of risks of targeted thinking. It is no
coincidence that the cases are called a ‘“snapshot of
reality” (live situation). In research, the cases are used in a
wide range from the printed versions — (situation —
problem, situation-assessment), to multimedia — (situation
— illustration).

This method took into account the levels of
development of the security problems. At the same time, it
is impossible to form a level of consciousness for training
those who are capable to assess global problems from the
position of the existing risk.

It is for this reason that the range of case assignments
was gradually expanded. However, the transition was
done from the level of security problems at the enterprise
level — the micro level, due to the security problems of a
regional nature — the meso level, to the level of global
problems — macro level, if necessary, and mega level.

To develop risk-oriented thinking a discussion method
was used as a method. Discussion as a method of an event
is multifaceted. In the experiment it was purposefully used
in the lecture classes or as a technique in other methods
(in the second block in practical classes during the
facilitation support of the educational process, as well as
during brainstorming or in the game modeling). A
characteristic feature of this method in the experiment was
the comparison (dialogue — communication) or opposition
(dialogue — dispute) of the positions of those discussing
the security issues. That is why this method allowed one
to obtain a whole range of results: as a visible result — this
is the receipt and generation of new information. And also
the taking particular decisions by the students, that is,
diagnostics and correction of the problem from the
position of safety — this is an increase in the motivation
for one's own strengths, getting rid of egoistic thinking,
stimulating creativity, the desire to get to the bottom of
the truth.

However, a discussion is impossible without asking
questions. For this reason, a correctly asked question
allowed the audience, whether it was a lecture or practice,
to come to some of their own conclusions, based on one’s
conviction. during the course of study of “Life Safety”. In
this case the term “correctness” implied timeliness since
the moment of asking the question (namely, “giving”)

Agricultural Engineer in the Sphere of Life Safety

made it possible to guarantee successful activation of the
audience. However, we did not forget that the
untimeliness of the question could also cause an opposite
reaction — misunderstanding and passivity. In order the
questions asked had successful application, they were
applied during the experiment in accordance with their
classification possibilities. For example, in the
experimental group, open-ended questions were used:
“What might happen if at the production facility where
you are the director...”? Next, in accordance with the
topic being studied, a mini (micro) incident was
described, and the student was asked to provide an
explanation. If the goal was to consolidate some material,
then it made sense to ask questions, to call for a deeper
and more detailed answer, an analysis, including:
“Explain to us how and why you will act if in your
production...”. “How” implies the knowledge of the
algorithm of action, and “why” — analysis of the situation.
As a result, by reflecting, the student actively participates
in the process of cognition.

The redirected questions allowed in the study of the
dialogical form of communication to move to the
polylogical one. To be or not to be in this discussion — this
was solved in the experiment situationally, that is, the
teacher decided how much of it was needed in the
particular moment of learning. If a discussion was
required, then it made sense to develop it; if there was no
time or sense, then it was necessary to restrain the
audience, that is, to control it. The redirection was
effected through the form of a statement: “What do your
classmates think about this”? If the goal was to direct the
question not to the audience but to the student, then it had
a slightly different form of address: “What is the opinion
on this issue of...” the surname, name and patronymic of
the participant in the audience is called.

The questions to establish the feedback allowed in this
period of the experiment to track this link: “If I understand
you correctly, you meant...”. Then essence of the
substantive conversation was briefly outlined. In addition,
the student is forced to go to the next method, that is, a
question with a closed limb but also with the right to

choose, since he must choose between “yes” or “no”.

The implementation of the selected didactic methods
during the period of formation of the professional
competence in ensuring the safety of life activities made it
possible to form the degree of readiness for professional
activity from the standpoint of safety. The student’s
readiness is assessed through the indicator of the
professional competence in ensuring life safety through
the involvement of each of the components of the
professional competence being formed. With a total
implementation of all the above methods, the subject
develops an independent strategy of behavior in any
situation from the position of safety.

III. RESULTS AND DISCUSSION

In the research the process of conducting the
experimental work on the formation of a professional
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competence in ensuring life safety was made in the
direction 208 “Agroengineering” of the institution of
higher education “Podolsk State University”. The number
of participants in the groups was: CG — 53 people; EG —
54 people. The aim of the experimental work was to test
the efficiency of implementation of the developed
methodology for the formation of the professional
competence in safety in the process of professional
training at the university.

In the research the indicator of the formation of the
professional competence in ensuring the safety of life of
an engineer is presented in the form of component
integrity at the levels: executive, managerial, strategic.

The analysis of the development of the professional
competence at the start of the experiment by components
allowed one to draw the following conclusions:

e the knowledge that the students have in the
context of security is fragmented and not
deep enough;

e the motivational foundations that could
compensate for the lack of knowledge are not
developed to a sufficient level,

e the skills, knowledge and abilities that could
guarantee safety in activities are poorly or
partially developed;

e professionally important qualities appear
episodically or are in an “embryonic” state.

The purpose of the next stage of the pedagogical
experiment was to test the efficiency of the model for the
development of the professional competence in ensuring
life safety, taking into account a set of identified
pedagogical conditions, correlated with the methods,
forms and means. During the experimental work, a 90-
hour course was implemented, conditionally divided into
parts: theoretical, practical and independent work. The
goal of each lesson was a complex development of the
professional competence in ensuring life safety. Within
the framework of the research there were used individual,
group and collective forms of lectures and practical
classes. The results of collective activity were assessed,
based on a diagnostic work, which influenced the activity
component of the competence. Accordingly, the students
gained experience in the context of their profession but
without industrial risks they mastered the methods of
improving life safety.

At the control stage of the experimental work the
efficiency of the proposed model for the formation of the
professional competence in order to ensure life safety was
assessed by the components and by the integral indicator.
The summary data of the ascertaining and control stages
of the research by components are presented in Table 2.
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The data, presented in Table 3, show positive changes
in the components of the professional competence in order
to ensure life safety at stages of the experiment. In the
control group the following changes occurred in the
components: the motivational component changed by
5.0% (from 0.61 to 0.66); the cognitive component — by
4.0% (from 0.73 to 0.77); the activity component — by
5.0% (from 0.81 to 0.86), and the personal component —
by 2.0% (from 0.62 to 0.64). In the experimental group
more significant changes occurred: the motivational
component increased by 20.0%, the cognitive component
by 24.0%; the activity component by 22.0%, and the
personal component by 19.0%.

TABLE 2 SUMMARY DATA BY THE LEVELS OF FORMATION OF THE

COMPONENTS OF THE INTEGRAL INDICATOR OF THE PROFESSIONAL
COMPETENCE IN ENSURING LIFE SAFETY

Components (levels) of the Before the After the
professional competence in experiment experiment
security CG | EG CcG | EG
Moti\{ationgl _(unconscious, 061 0.64 0.66 084
conscious, justified)
Cognitive (reproductive,
productive, creative)
Activity-based (elementary,
algorithmic, independent)
Personal (episodic,
fragmentary, optimal)

0.73 0.71 0.77 | 0.95

0.81 0.78 | 0.86 1.00

0.62 0.63 0.64 | 0.82

The data, presented in Table 3, indicate that positive
changes occurred in the control and the experimental
groups. However, before the start of the experimental
work the control and the experimental groups did not have
reliable differences, and after the experimental work on
the formation of the professional competence in order to
ensure life safety, reliable differences were observed in all
the indicators characterizing the motivational, cognitive,
activity, and personal components.

IV. CONCLUSIONS

Thus the results of the experimental work indicate
both quantitative and qualitative changes in the indicators
of the formation of the professional competence in urder
to ensure life safety. It follows from this that these
changes are due to the introduction of the formation
model, which confirms the purpose of the investigation.

Efficient training of the engineers in the field of life
safety requires the creation of an adaptive educational
system that combines theoretical and practical training,
digital technologies and active methods, such as the case
methods, discussions and heuristic questions. These
approaches promote in-depth acquisition of the material,
development of critical thinking, the risk forecasting
skills, and making justified decisions. Important factors
are the students’ high motivation, availability of modern
educational resources, qualified teachers who use
innovative methods and have practical experience, as
well as close interaction with employers and specialized
organizations.
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Comparison of the obtained results with the
investigations by other authors confirms the tendency to
increase the efficiency of professional training using
digital educational technologies and interactive methods.
In contrast to other studies our research focuses on
professionally oriented teaching, taking into account the
specifics of the engineering industry, which allows not
only to develop general competencies but also to train
specialists, capable of risk analysis and implementation
of innovative solutions in real production conditions.
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Abstract— The article substantiates the theoretical and
methodological foundations for the introduction of an
activity-based approach to training competent engineers
when studying a course of physics. Contemporary
requirements of the agro-industrial complex require
integration of the fundamental knowledge with practical
skills, which makes this approach the key element of the
educational process when studying a course of physics. There
are considered the concepts and principles of teaching, aimed
at the development of professional thinking, the ability to
make decisions in non-standard situations and efficient work
with digital technologies, when studying the course of
physics. There are identified the pedagogical tools that
promote the development of critical thinking, independence
and continuous self-development of the students in the
process of mastering physics. Methodological
recommendations are provided for the creation of a
productive educational environment, including interaction
with agro-industrial enterprises and individualization of
learning when studying the physics course. An analysis of the
implementation of the activity-based approach showed its
efficiency: the average score of the students in the
experimental group increased by 15-20%, and the success
rate of completing the practical assignments increased by 20—
25% when studying the physics course. The project activities
contributed to the development of systems thinking and an
innovative approach to solving the production problems,
which is especially important when mastering physics. A
conclusion is made about the need to introduce an activity-
based approach to train competitive specialists, adapted to
the modern challenges of the agro-industrial complex, which,
in turn, contributes to the formation of an innovative
educational environment, focused on the development of

professional competencies, engineering creativity and
practical training of the students when studying the physics
course.

Keywords —  activity-based  approach, engineers,
innovations, practice-oriented training, professional training,
Introduction

[.LINTRODUCTION

The rapid development of the agro-industrial sector
gives rise to a demand for training specialists of a
fundamentally new format, who possess not only a solid
theoretical base but who are also able to solve prompt y
applied problems, to master contemporary technologies
and implement innovations in practice, which is especially
important when studying a course of physics. The
traditional models of education often do not allow the
future engineers to acquire to the full extent the required
practical skills and abilities, which becomes noticeable
when mastering physical disciplines.

In this regard there is a need to introduce a multifaceted
activity-based approach that gives the students an
opportunity to design independently professional
assignments, seek out non-standard solutions and improve
critical thinking, especially when studying a course of
physics. However, the implementation of such an approach
is often faced with the problem of the lack of a systemic
pedagogical support that would combine the optimal
selection of methods, effective assessment tools and full-
fledged mentoring.
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The traditional teaching practices do not always provide
sufficient orientation to the development of activity-based,
project and research skills in the future engineers, which
becomes especially evident when studying the course of
physics. The lack of a comprehensive system of
pedagogical support for the introduction of an activity-
based approach into the educational process hinders the
development in the students of the necessary competencies,
flexibility of thinking and the ability to make independent
decisions in difficult production conditions, which
negatively affects the study of physics.

Over the past decade’s issues of implementing an
activity-based approach in training specialists have
retained the status of one of the main topics of scientific
discussions, invariably arousing interest of the researchers
and teachers. The research into the problem of the activity-
based approach among the specialists of various profiles
was revealed in the scientific works of [1] - [4] and others.

The works [5] — [7] present the results of a study on the
introduction of the active learning methods (team projects,
debates, presentations) in the training of the future
agricultural engineers. The authors emphasize the
importance of a systematic methodological support and
mentoring of the teachers, which ensures efficient
assimilation of theory and simultaneous acquisition of
practical skills, including when writing scientific papers

[8].

In the investigation there are treated interdisciplinary
approaches to training engineers, including the integration
of agricultural, engineering, economic and environmental
disciplines. The researchers analyse the results of the
embedded courses and seminars that helped the students to
think systematically and solve multidisciplinary problems

[9].

Application of digital simulations and virtual models in
the educational process is described in the works [10] —
[13]. Interactive tools have been shown to enhance the
understanding of complex technological operations and
allow the students to experiment safely with the parameers
of the production system. It is shown how the interactive
tools enhance understanding of complex technological
processes and allow the students to experiment safely with
the parameters of the production system.

Although scientific and methodological investigations
analyse carefully the problem to be considered, they often
lack practical recommendations and particular solutions for
its efficient elimination when studying a course of physics.
The substantiation and development of a system of
pedagogical support for the implementation of an activity-
based approach in the training of the future engineers,
aimed at integrating fundamental knowledge with practical
skills, the development of professional thinking, critical
analysis and the ability to make decisions in real production
conditions when studying the physics course became the
main goal of our study. Modern approaches and methods
for solving scientific and practical problems, considered by
the researchers in various fields come to the help here [14],
[15].

the Training of Competent Engineers

This article is aimed at theoretical substantiation and
presentation of a model of the system of pedagogical
assistance that promotes comprehensive implementation of
an activity-based approach to the training of engineers who
are studying a course of physics, as well as at presenting
the results of its experimental testing in a real educational
process.

Thus the search and scientific substantiation of an
efficient mechanisms for the pedagogical support of this
process is an urgent task, the solution of which will increase
the competitiveness of the graduates in the labor market
and ensure their contribution to an innovative development
of the agro-industrial complex when studying the course of
physics.

II.LMATERIALS AND METHODS

The activity-based approach expresses an idea that the
main condition for successful learning is the involvement
of the students in active and conscious activities that are
close to real professional practice. In the context of training
engineers, the students' activities should include analytical,
design and technological components that reflect the key
aspects of their future specialty. The practice-oriented way
of training ensures the formation of professional
competencies, necessary for the development, operation
and maintenance of agricultural machinery, the
implementation of digital solutions in the agro-industrial
complex and rational use of natural resources.

To achieve this complex result, educational programs,
based on the activity-based approach are needed:
laboratory and practical classes, the research and project
works, as well as industrial practices. However, the key
factor in the efficiency of such programs is a systematic
support of the teachers who provide methodological,
advisory and organizational assistance to the students at all
stages of their studies. To implement the activity-based
approach, we used the following implementation
principles:

A. Activity and independence.

This principle involves a transition from passive
perception of information by the students to their conscious
and active participation in the educational process. It is
implemented through the creation of conditions in which
the students do not simply receive ready-made knowledge
but are actively involved in the development and
implementation of their own projects; they formulate
hypotheses, and look for ways how to solve practical
problems. The teacher here plays the role of a consultant
and mentor, helping the students develop self-study skills
and determine their own learning path. The principles of
activity and independence in teaching physics to the
engineers are aimed at involving the students into the
learning process, developing their ability to solve problems
independently and apply the knowledge in practice. Here
are some examples of their use:

1. Creating a model of a solar panel for a farm (the
students independently study the materials about the
physics of solar energy; they calculate the coefficient of
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efficiency of the panel and select appropriate parameters
for a particular region).

2.  Development of a setup for measuring the soil
moisture (the students independently design the
experiment, select sensors, determine the influence of the
physical factors, such as temperature and pressure).

3. Modelling the operation of the irrigation system
(the students solve problems about calculation of pressure
in the system, required for uniform distribution of water
across the field; they must select independently the
parameters of the pump, take into account the lift height
and losses in the pipes).

4. Reducing the energy costs for cooling the grain
storage facilities (the students study the heat transfer
processes, perform calculations for the wall insulation, and
select optimal materials and cooling methods).

This approach helps the engineering students
understand better physics and its application in their
professional activities.

As a result of such an educational project, the future
engineers learn to apply physical and engineering laws to
solve very real problems in the agricultural sector. Active
involvement and independence at every stage — from
calculations and design to the analysis of the obtained data
— forms a deep understanding of the theory and increases
motivation for further development of more complex
technological solutions.

B. Practical orientation approach.

For this purpose, examples and cases, reflecting the
modern requirements of the market o fan agro-industrial
complex are introduced into the training program, whether
it be research into new agricultural technologies, analysis
of digital solutions in the agro-industrial complex, or the
development and testing prototypes of technical devices. A
practice-oriented approach helps the students to understand
the value of their knowledge and skills, it helps them to
establish a link between theory and practice, and also
develops the ability to make decisions in conditions that are
as close as possible to real production situations (Table 1):

TABLE 1. PRACTICE-ORIENTED APPROACH IN STUDYING THE COURSE OF
PHYSICS

materials for insulating the drying
chambers.

Studying of the basics
of electromagnetism
and the laws of
electrical circuits.

Building an electrical circuit for the
irrigation  systems or  greenhouse
lighting. You can also study the use of
electromagnetic motors in modern
agricultural installations.

Studying of the laws

Analysis of a pump operation in the

of hydrodynamics (for | irrigation systems, calculation of
example, the | pressure in the pipelines and their
Bernoulli equation). capacity.

Study of'the principles | Studying of the optimal light spectrum

of operation of optical

for growth of plant in greenhouses and

The task

Practical application

Studying of
mechanical properties
of materials, used in
agricultural
machinery.

Conducting the laboratory work to
determine the modulus of elasticity,
tensile strength and plasticity. This can
be linked to the analysis of the choice of
materials for ploughs, seeders or other
machines.

Studying of Newton
laws and the dynamics
of rotational motion.

Calculation of torque and angular
velocity of the shaft of a tractor or other
agricultural machine, followed by the
analysis of their efficiency in real
operating conditions.

Studying of the heat

Modelling the operation of grain dryers

transfer and basic | or the engine cooling systems. For
laws of | example, you can perform an experiment
thermodynamics. to calculate the heat loss and select
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devices and light
radiation.

calculation of the required power of
lamps.

This approach not only increases the students’ interest
but also prepares them better for real professional work.

C. Integrativeness.

One of the key features of the training of engineers is
the need to combine engineering, agronomic, economic and
managerial aspects. The principle of integration implies the
development of a systemic vision of the production
processes in the students and the ability to use knowledge
from different arcas as a complex. This can be
accomplished through interdisciplinary modules, group
projects and research tasks that require the students to draw
knowledge from multiple disciplines. Due to this the future
specialists are able to interact more efficiently with various
participants in the agro-industrial process and offer
solutions that take into account the technological,
economic and environmental factors. The principle of
integration in the teaching of physics to the engineers
proposes combination of the knowledge from different
disciplines, an interaction between theory and practice, and
the application of physical principles in professional
activities. This allows the students to see physics as part of
a complex system of knowledge and understand better its
applied significance. An integrated approach to studying
physics for engineers allows for efficient linking of
physical processes with other sciences and professional
tasks. In integration with biology the students study the heat
exchange in the plants, such, as moisture evaporation
through the leaves, and they model microclimates in the
greenhouses, analysing changes in temperature and
humidity depending on the time of the day and external
conditions. The inclusion of chemistry helps to understand
the corrosion processes of the agricultural equipment,
where the students conduct experiments to study the effects
of various conditions on the metal corrosion and develop
methods to prevent it. Integration with mathematics is
manifested through the calculation of the vibration
parameters of the agricultural machinery, such as
amplitude, frequency and period of oscillations, with the
creation of mathematical models for the analysis of their
impact on the quality of work. The use of the computer
science allows the students to model electromagnetic fields
and develop computer models of electrical circuits to
automate, for example, irrigation systems, using the
software tools, such as MATLAB or COMSOL Integration
with engineering design includes tasks on calculating
irrigation systems taking into account the hydraulic
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resistance, where the students create drawings of such
systems using the engineering software, such as AutoCAD.
Such an approach develops systemic thinking, strengthens
the link between theory and practice, and develops skills
for the solution of complex tasks.

The application of the principle of integration in the
study of physics allows one to strengthen the link between
theory and practice, which makes the learning process more
meaningful and useful for the students. This promotes the
development of systemic thinking, allowing the students to
see the interrelationships between different disciplines and
apply the physical laws to the real-world tasks. During the
training process skills for complex analysis of professional
tasks are developed, which are necessary to solve practical
problems in engineering. In addition, demonstrating the
applied significance of physics in professional activities
increases the students' motivation to study it, making
education more interesting and oriented to the future career.
In addition, demonstration of applied importance of
physics in the professional activities increases the students'
motivation to study it, making education more interesting
and career-oriented.

D. Continuity.

Pedagogical support and organization of the
educational process should be structured in such a way that
the students have a constant opportunity to receive the
feedback, to correct their actions and reflect on the material
covered. In practice this principle is manifested in
systematic consultations, regular monitoring of the
academic performance with analysis of achievements and
mistakes, and involvement in reflective activities (diaries,
reports, group discussions). The continuous way of
learning promotes conscious acquisition of the new
material and the students’ ability to maintain professional
fitness in the rapidly changing agricultural sector. The
principle of continuity in the study of physics for engineers
ensures consistent and systematic development of the
knowledge and skills, related to their professional
activities. The training is structured in such a way that each
new stage is based on the previous one: from studying the
basics of mechanics and thermodynamics to an in-depth
understanding of electromagnetism and hydrodynamics.
The constant link between theory and practice is achieved
through the laboratory work, project assignments and
solution of professional asks, such as the analysis of the
irrigation systems, the calculation of thermal processes in
greenhouses or the study of the dynamics of agricultural
machinery. Interdisciplinary integration with mathematics,
chemistry and biology strengthens the understanding of
physics as part of the engineering system. As a result, the
students gain a holistic understanding of the subject,
strengthen their skills in solving complex tasks, and better
understand the practical significance of the processes being
studied.

III.RESULTS AND DISCUSSION

The experimental testing was accomplished with the
aim of testing the efficiency of an introduction of the
system of pedagogical support for an activity-based

the Training of Competent Engineers

approach into the educational process of training the future
engineers.

The experiment was conducted at the institution of
higher education "Podolsk State University" among the
students of the specialty 208 "Agroengineering" with a total
number of participants of 120 people, divided into
experimental and control groups of 60 students each.
Approbation of the methods was made on the course of one
semester. At the main stage the students in the experimental
group completed projects and practical assignments,
worked in teams, and regular feedback through
questionnaires contributed to a prompt adjustment of the
educational process. The results were assessed using a
complex approach: the academic performance was
analysed, testing, expert assessments and questionnaires
were conducted, which made it possible to compare the
data of the experimental and the control groups (Table 2).

TABLE 2. RESULTS OF THE EXPERIMENT ON THE IMPLEMENTATION OF
THE METHODS OF AN ACTIVITY-BASED APPROACH

The experimental

Indicator The control group
group
Average score Increase from 70 to 84 Insignificant change:
of academic (increase by 20%) from 70 to 72
performance

Indicators of Rating — 90 points Stable level: 75

practical skills (growth from 75 to 90, points

+20%)
Level of 90% positive feedback, | 70% positive reviews
involvement based on the survey

results
Number of 13 projects (30% 10 projects
completed increase, in comparison
projects with 10 basic)

The statistical analysis revealed a significant impact of
the new methods on the quality of learning: the average
score of the experimental group increased by 15-20%,
compared to the control group, and the indicators of
practical skills improved by an average of 25%. These
numerical data have demonstrated the high efficiency of
the implementation of the activity-based approach and
become the basis for formulating conclusions and
recommendations for its further application in the
educational practice.

In the research the assessment of the formation of
professional competencies was performed in a complex
manner. Each of the key indicators — the skills of the project
work, the ability to apply theoretical knowledge, the
teamwork, critical thinking and independent solution of
professional problems — was assessed on a scale from 1 to
10. The students filled out questionnaires where they
independently determined their level of proficiency in
competencies, and the experts (the teachers and invited
employers) gave objective assessments, based on the
analysis of practical work, presentations, and the results of
completed assignments.

Below is a table in which the results of the assessment
of the students’ key professional competencies in the
experimental and the control groups are compared,
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indicating the values for both the self-assessment and the
expert’s assessment:

TABLE 3. RESULTS OF THE ANALYSIS OF THE FORMATION OF
PROFESSIONAL COMPETENCIES

Key competencies The The control
experimental group
group
self- expert self- expert
assess- | assess- | assess- | assess-
ment ment ment ment

Skills of the project

. 8.3 8.0 7.5 7.2
activities

Ability to apply

theoretical knowledge 78 75 70 6.8
Teamwork 8.5 8.3 7.8 7.6
Critical thinking 7.6 7.2 7.0 6.5

Independent solution of

professional tasks 8.0 8 74 71

The students of the experimental group showed higher
results in all aspects considered: the skills of the project
activities, an ability to apply theoretical knowledge, the
teamwork, critical thinking and an ability to solve
independently professional tasks. For example, in the field
of the project activities, self-assessment was 8.3, and the
expert assessment was 8.0, which significantly exceeds the
indicators of the control group (7.5 and 7.2, respectively).
A similar picture is observed for the other competencies,
which indicates the positive impact of the applied activity-
based approach methods. The difference between the
groups' assessments confirms that the integration of
practical assignments, the teamwork and the systematic
feedback contributes not only to the improvement of the
students' perception of their own capabilities but also to the
objective growth of professional skills, which generally has
a positive effect on the development of the professional
competence.

The obtained results became the basis for further
improvement of the educational programs in studying the
course of physics: the areas, where significant
discrepancies were noted, received additional attention,
and the successful aspects were integrated into the general
teaching methods in studying the physics course. Such a
method allowed not only to assess the current level of
professional training of the students in physics but also to
identify particular recommendations how to improve the
quality of education and develop the key professional
competencies when studying a course of physics. Such a
complex approach allows for a comprehensive assessment
of the development of the key competencies using both the
quantitative and the qualitative methods of analysis.

As part of the study, the students' satisfaction with the
learning process was assessed using a questionnaire.
Comparative results of the control and experimental groups
for the following indicators: average score; successful
completion of practical assignments; the skills of project
work; the teamwork and students’ satisfaction are
presented in Fig. 1.
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Fig. 1. Comparative results of the control and the experimental
groups.
The experimental group showed significant

improvement in all parameters, confirming the efficiency
of the activity-based approach in the educational process.

It is recommended to expand the use of the activity-based
approach to the other academic disciplines, including
natural sciences and humanities, which will allow for the
development of interdisciplinary thinking and the
application of knowledge in practice. Particular attention
should be paid to the project activities and the teamwork,
which contribute not only to the deepening of professional
knowledge but also to the development of soft skills, such
as communication, leadership and time management. It is
also important to increase the frequency and quality of
feedback, providing students with detailed guidance and
support to increase their motivation and involvement.

IV.CONCLUSIONS

Experimental testing confirmed that the system of the
pedagogical support for the activity-based approach
significantly improves the educational results and the
students’ satisfaction. This approach allows not only to
improve the academic performance but also to develop the
key professional competencies, necessary for the future
engineers to successfully work in the agro-industrial
complex. A comparative analysis of the indicators of the
experimental and the control groups revealed that the
students who studied, using the innovative methodology,
demonstrated significant growth in all the key indicators:
the average academic performance score increased by 15—
20%, and practical skills by 20-25%, which was confirmed
by both self-assessment and the expert assessment (the
teachers and invited employers). An integrated approach to
the assessment, including testing, questionnaires and expert
observation, made it possible to objectively identify the
positive impact of the activity-based methods on the
development of the project skills, application of theoretical
knowledge, the teamwork, critical thinking and
independent solution of professional tasks.

However, the key feature of our study is not only a
quantitative assessment of the efficiency of the project-
based learning but also a deep analysis of its impact on the
development of the engineering creativity and the students'
ability to solve independently real tasks of production.
Unlike most investigations where the emphasis is on the
traditional forms of training or the use of individual
elements of practice-oriented methods [1] — [4] [8] our
work examines the comprehensive integration of the
project activities, the engineering modelling and interaction
with real manufacturing enterprises. This not only
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improves the students’ academic performance but also
develops the key skills that are in demand in the agricultural
sector.

One of the unique aspects of our research is the
inclusion of multi-component engineering problems into
the educational process, requiring from the students not
only theoretical training but also active application of the
knowledge in the conditions of uncertainty. Such an
approach helps develop in the future engineers systemic
thinking, innovative approaches and the teamwork skills.
This aspect is rarely considered in the domestic and foreign
investigations where, as a rule, the emphasis is on the use
of individual digital tools without a comprehensive
assessment of their impact on the students’ professional
training [9].

Thus our research not only confirms the efficiency of
the activity-based approach but also demonstrates new
promising methods for training engineers that have not
received sufficient treatment in other works. The developed
methodology combines elements of the project-based
learning, the engineering modelling, flexible educational
trajectories and active interaction with the real production
processes, which makes it a significant step forward in the
field of engineering education. The prospects for further
research include the development of digital tools for the
individualization of learning, the development of new
criteria for assessment of engineering competencies, and
the expansion of interaction between educational
institutions and agro-industrial enterprises.
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Primary Mathematics Framework
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Abstract— The increasing digitalization of education
necessitates reconsidering primary mathematics instruction.
This study explores the integration of blended learning in
Latvian primary mathematics classrooms, addressing the
evolving roles of students, teachers, and curricula in the
digital age. Using a mixed-methods approach, we analyzed 60
mathematics lessons from 2022 to 2024 to assess student
learning opportunities for blended learning. The findings
indicate that while digital technologies are present, their
pedagogical use remains limited. No observed lessons fully
implemented blended learning, though some teaching
profiles demonstrated elements of self-regulated and deep
learning. Based on these findings and a review of the
literature, we propose a conceptual framework for content
and process integration for mathematics teaching in the
digital age. The framework emphasizes the significant role of
the digital dimension complementing the traditional didactic
triangle of learner, teacher, and curriculum. This highlights
and influences how we view self-regulation, communication,
motivation, and process-content integration. Our study
highlights the need for curricular adjustments and targeted
professional development to better align teaching practices
with the realities of digital transformation, ensuring students
develop the necessary competencies for the future.

Keywords— Blended learning, digital transformation,
mathematics education, primary education.

I. INTRODUCTION

Workplace and education landscapes are changing due
to digitalization and the development of technologies. The
later years of formal education cannot be imagined without
including blended learning to some extent [1]. This asks for
a set of relevant skills and not just digital competencies [2].
Change is not just in the form of learning, the actual content
needs to be adjusted for the changing skillset needed to
ensure student success. When thinking about teaching in
the present day, it should not be forgotten that childhood
and adolescence have changed too - constantly surrounded
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by screens and ongoing entertainment. Student experiences
before and during formal education are vastly different than
those of previous generations and this should be taken into
consideration when thinking about their teaching and
learning. The change does not stop here. The role of the
teacher is rapidly changing as well due to the development
of generative artificial intelligence and individual virtual
tutors being accessible to students. All of the above-
mentioned factors are highly influenced by the
circumstances of the country in which the person lives and
other contextual (e.g., socioeconomic, cultural) aspects.

"In recent years, the internationalisation and
globalization of the economy, universality of technological
development and related needs for new skills and
knowledge play the role of strong motivations for
curriculum reforms"[3]. Blended learning, particularly
through flipped learning, rethinks the organization of the
learning landscape by moving direct instruction to
individual learning spaces and transforming group spaces
into interactive environments. This approach, supported by
digital technologies, enhances student engagement,
interaction, and understanding, though it can also present
challenges due to increased workload and unfamiliarity
with the method [4].

The design of an effective mathematics curriculum is
influenced by key educational theories that focus on how
students learn, process, and apply mathematical concepts.
These theories guide the selection of content, teaching
strategies, and assessment practices to promote deep
understanding, critical thinking, and problem-solving
skills.

In this research paper, we aim to explore what these
changes mean for primary mathematics education in Latvia
and conceptualize the involved aspects within a theoretical
framework.
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RQ1 What opportunities do students have for blended
learning in primary mathematics in Latvia?

RQ2 How to develop a primary mathematics
framework in the midst of digital transformation?

A. Digital transformation and blended learning in
primary mathematics

Students, who attend school at present day are “digital
natives” who have transferred many aspects of their lives
to digital technologies and have intuitive navigation skills
on many digital devices and applications. Their skills and
experiences are vastly different from previous generations
of students [5]. Teachers and students have a large gap in
experiences and values and it affects teacher understanding
of their students and their needs. Students have a different
starting point when entering mathematics classrooms. For
example, the experience of physical money is replaced by
credit cards, analogue watches with digital watches,
playing with blocks and roleplay games with video games
and videos (sometimes educational).

Teachers must therefore balance traditional
mathematical skills with newer competencies that
emphasize real-world applications and digital fluency. As
digital tools become more accessible, curricula are shifting
from repetitive manual calculations to tasks that engage
students in mathematical reasoning and problem-solving
using technology [6].

We agree with the idea that there is no didactic triangle
anymore, but rather a didactic pyramid (Dasari et al.2023),
where there are four vertices — student, teacher, curriculum
and digital technologies. The digital technologies are not
solely a different platform for learning or another way to
represent the learning content, but they provide
possibilities to gather precise data for teachers, receive
immediate individualized feedback for students, boost
engagement and we cannot forget the above-mentioned
experiences and skills of digital natives. Digitally literate
students can access, create, and communicate information,
adapt to changing technologies, and use information and
communications technologies ethically and responsibly.
This competency should be strongly emphasized in
curricula [6].

With digital technologies entering the classroom so
does blended learning and that can be beneficial for student
outcomes since “the use of blended learning has a major
effect on students' mathematical abilities when compared
to traditional learning”[7], if the teacher has appropriate
knowledge, skills and tools.

B. Curriculum changes

Designing a mathematics curriculum in the digital age
requires a careful balance of content and process. Our
content and process integration framework was designed to
emphasise the changes necessary due to digital
transformation and based on the new curriculum in Latvia
in order to help teachers adapt and implement the changes.

When looking at other countries’ successful
implementation of needed changes, the curriculum must
emphasize the importance of problem-solving, reasoning,

and real-world applications. It must ensure that students not
only learn mathematical procedures but also understand
their practical relevance. The Australian framework's [8]
organization around key content and proficiency strands
ensures a holistic and practical understanding of
mathematics, integrating various domains such as numbers
and algebra, measurement and geometry, and statistics and
probability. By focusing on understanding, fluency,
problem-solving, and reasoning, the curriculum supports
the development of comprehensive mathematical skills.
Adopting a spiral approach, as seen in the Singaporean
curriculum [9] , is crucial for revisiting and deepening the
understanding of key concepts over time. The Concrete-
Pictorial-Abstract approach further enhances this by
helping students develop a strong conceptual
understanding before moving on to abstract procedures.
Promoting inquiry-based learning is another vital aspect of
an effective mathematics curriculum. Encouraging
exploration, questioning, and problem-solving fosters
critical thinking and deeper understanding. This student-
centred approach aligns with constructivist principles,
where learners actively engage with mathematical
problems and discover solutions through guided inquiry
[10]. Such a comprehensive approach ensures that students
develop deep mathematical understanding, critical thinking
skills, and the ability to apply mathematics in a variety of
contexts, preparing them for success in the digital age.

The Programme for International Student Assessment
(PISA) stresses the role of mathematical literacy as a
central goal in school mathematics education because it
improves the life opportunities for students, and justifies
why mathematics is essential to describe, explain and
predict the world [11]. The curriculum content and
methods for introducing revised curricula cannot be
directly transferred from one country to another. They can
vary based on cultural and historical backgrounds,
traditions, as well as political decision-making processes
[2]. It should be noted that digital competency frameworks
are general and not subject-specific, but they are also
likely to influence subject-matter content [4].

An Organisation for Economic Co-operation and
Development (OECD) study [6] highlights gaps between
curriculum content and real-world applications,
particularly in mathematics. The slow adaptation of
curricula from routine calculations to problem-solving and
real-world applications, combined with traditional rote
learning methods, may not adequately prepare students for
higher-order skills, leading to declining performance.

C. Key learning processes in the digital age and
blended learning

There is a shift in mathematics education from
individual knowledge acquisition to collaborative and
public practices that co-construct knowledge. Digital
resources enhance this shift by enabling communication
and collaboration over long distances and asynchronously,
placing these elements at the center of modern pedagogies
[4]. For students to thrive in a blended learning
environment, their teachers must think about student self-
regulated learning, communication and motivation. These
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key aspects besides digital fluency are becoming more
important for learning in the digital age [12].

1) Self-regulated learning

Skills related to self-directed learning or self-regulated
learning are known to be the skills that each successful
learner needs to obtain [13]. These skills are necessary not
only for continuous learning needed in many workplace
environments but for the future of student’s academic
learning. Inescapably it will be in some way blended
learning, where parts of the learning happen in a digital
environment and at least somewhat independently. The
learner must regulate his behaviour and motivation to start
a task, keep his attention on it and reflect on the process and
results. Research shows [14] that for students to be able to
thrive in blended learning environments they need self-
regulated skills. These skills help not only for blended
learning but are beneficial for overall mathematics
performance for primary students [14]. We will be using
the term self-regulated learning for the primary school
context, since self-directed learning is associated with the
learner's full responsibility for all of the learning process,
determining goals and all the steps towards it [15]. Still,
self-regulated learning is on a reduced scale, where the
learner's responsibility is around particular tasks and
projects[15]. We consider the term self-regulated more
appropriate since in primary school the learning goals are
predetermined by the curriculum, program and teacher and
the tasks and learning process are designed by a teacher
(even if students have opportunities to express opinions
when defining the goals or choosing tasks, they do not have
a say in what they have to learn when finishing each step
in their formal education) and the responsibility for his
learning experience lies on the teacher [16]. Self-regulated
skills are related to (meta)cognitive strategy use,
motivational, emotional and behavioural regulation of
oneself [17]. These skills are used throughout all the phases
of self-regulated learning [18]— the forethought phase, the
performance phase and the self-reflection phase.

Self-regulated learning and student agency have also
yielded changes in the pedagogies to make use of the
affordances of digital resources to foster these new
educational ideals.

a) Metacognition

We would like to stress the importance of
metacognitive awareness and skills when thinking about
mathematics  education and blended learning.
Metacognition involves the conscious awareness and
oversight of one’s thought processes, including recognizing
how and why you think or act in certain ways, as well as
making deliberate choices to modify or adjust them [19].
This reflective practice helps students develop more
effective learning strategies, connect mathematical
concepts, and improve their overall performance in
mathematics [20]. This can be taught by explicitly teaching
cognitive and metacognitive strategies, modelling the use
of metacognitive skills (e.g., “thinking aloud”) and
investigating the thought processes of others [21], [22].
Integrating metacognitive strategies into blended learning
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models significantly improves students' ability to
understand mathematical concepts and manage their
learning processes [23].

2) Communication

Communication refers to the ability to use
mathematical language to express mathematical ideas and
arguments precisely, concisely and logically; analyze their
peer's mathematical ideas and strategies [24]. It helps
students develop their understanding of mathematics and
enhance their mathematical reasoning [25]. The skill
evolves if there is an engaging, inclusive classroom
discussion leading to deep thinking and diverse and
purposeful representations and explicit transitions are used
[24].

a) Classroom discourse

The typical approach to questioning in elementary
mathematics classrooms in Latvia often involves only
recall, where teachers expect a single correct answer
without delving into students' reasoning [26]. Even when
students are asked to explain their solutions, teachers
usually anticipate a single correct method. This approach
confirms individual students' knowledge but does not
facilitate deep learning.

During the learning or comprehension phase of a lesson
discussions should be structured to allow students to learn,
explain, reason, and deepen their understanding.
Productive classroom discussions involve various
conversational tools or talk moves that encourage students
to articulate their ideas, listen to others, recognize different
approaches, and evaluate them critically. These strategies
include [27]:

Revoicing: the teacher repeats or paraphrases the
student’s response and asks for confirmation or
clarification. This ensures the understanding of the
student's idea and makes it accessible to others.

Repeating: asking students to restate another’s
reasoning in their own words. This helps reinforce
understanding and validates peer contributions.

Reasoning: using student ideas to continue the
discussion, by asking students to reason about other
reasoning. Asking students to evaluate or justify ideas.

Adding on: Prompting students to extend their own or
others’ thoughts.

Wait time ("Thinking time"): Allowing sufficient time
for students to process questions and formulate responses
is critical. Research [28] shows that teachers typically wait
only about one second for a response. However, when wait
time exceeds three seconds, student engagement, response
quality, and cognitive depth improve significantly.

Pair or small group discussions (turn and talk): Ask
students to exchange ideas with a partner or small group
before sharing with the whole class. This move gives
students the opportunity to formulate their ideas, ascertain
that they are thinking in the right direction or arrive at a
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solution together. It gives each student the opportunity to
use mathematical language.

Additionally, it is important for teachers to evaluate the
questions they pose to make sure they are not solely relying
on those that require only basic cognitive skills. They
should avoid prematurely giving students answers, as this
can be demotivating.

b) Representations

Mathematical understanding deepens when students
engage with multiple representations of concepts, including
arithmetic operations. Using various representations
expands comprehension, helping students determine when
and how to apply mathematical operations and interpret
results [29]. Effective mathematics instruction connects
representations to reinforce conceptual understanding and
problem-solving skills [30].

A mathematical representation is a mental or tangible
construct that describes a concept and its relationships.
Experiencing a concept across different contexts
strengthens understanding [31]. Representations serve
several roles in learning [30]: establishing a foundation for
mathematical understanding, clarifying mathematical
contexts, identifying relationships between concepts, and
enabling communication of understanding and reasoning.

Representations illustrate mathematical ideas. There
are five representations (static pictures, written symbols,
spoken language, real scripts, and manipulative models)
and their interconnections [32], or six, if we count digital
representations as a separate category since it provides the
possibility of “moving pictures” [33]. Crucially, students
must develop the ability to transition between
representations, selecting the most effective form for
problem-solving. Teachers in Latvia struggle to incorporate
all of the representation in their teaching [34].

3) Motivation

Teacher beliefs about their students’ motivation and
what affects it (e.g. whether the teacher can influence it or
it is all up to the student) are shaped by a variety of factors
[35], [36]. First, their knowledge about what motivates
students (from teacher education) and learning (e.g. beliefs
that student achievement is solely or mostly dependent on
an innate ability[37]). Teachers’ philosophical views on
motivation and mathematics learning (behaviourism vs
autonomy, supportive teaching, direct instructions and
memorization vs learning through problem-solving) are
another factor. In addition, personal experiences related to
mathematics learning and motivation influence teacher
beliefs. Teacher beliefs have been shown to affect student
outcomes [38].

For exploring motivation in the classroom and the
teacher’s role in it, we use self-regulation theory because of
its broad research and straightforwardness.

II. MATERIALS AND METHODS
A mixed research design was used for this research.

The study sample consists of 60 primary mathematics
lessons (grades 1-6). The lessons were observed,
transcribed and rated across multiple criteria on a scale
from 0 to 4 between the years 2022 and 2024 by
experienced and specially trained primary STEM teaching
experts. No information about teacher and student
demographic characteristics is available to the authors. For
the present research, the authors obtained the lesson
transcripts and ratings from a database. A rubric “Teaching
and Learning Assessment to Support the Teach