Educational Content, Methods, Software and Tools for
Developing Professional Competence of Future Engineers
Based on Virtual Educational Technologies

Aziza Murodova ¥, Gayrat Shertaylaqov, Bakhtiyar Muhammadiyev, Nomoz
Badalov

Jizzakh polytechnic institute, Jizzakh, Uzbekistan

Y Corresponding author: azizamurodova664@gmail.com

Abstract. This article provides a theoretical analysis of the current state of the problem of preparing engineers for
professional activities in Uzbekistan. The features of the training of engineering personnel for professional activities
using information technologies and the development of information and professional competencies in the context of
digital education are presented. The results of creating a model for the formation of information and professional
competencies by means of virtual laboratory complexes and electronic educational technologies are presented. In
fact, when it comes to construction, new technology should take its place. It should also be said that even technologies
that build buildings without human intervention are being put into practice. In addition, even after the completion of the
lesson processes, there will be an opportunity to see the education through online lessons or get acquainted with future
lessons.

INTRODUCTION

The emergence of new forms, technologies and resources, of course, has an impact on the learning process in
universities. Already today there are a large number of practices confirming the use of Internet resources in the
educational process, but their massuse is associated with a number of difficulties.

An analysis of the results of the research shows that in the modern labor market there is a demanded social order
for specialists with the knowledge and skills to work with spatial data and large amounts of information in the
information and analytical supply of management [1]. The fulfillment of this order, first of all, will require the
setting of a number of pedagogical tasks within the framework of the advanced formation and development of
professional competence in a situation of social diffusion of the latest information technologies [2].

Our pedagogical research shows that the current practice of training future engineers at the university of
Uzbekistan demonstrates insufficient attention to a practice-oriented approach and a tendency towards the
universalization of information professional competence. Nevertheless, modern students show the abilities
formed by the external information environment and the school to form and develop information
professional competence in the direction of teaching in-depth informatization of specific types of professional
activities [3]. In connection with the foregoing, we put forward an assumption about the need to develop
associative thinking among future engineers and the advisability of using virtual learning systems to solve this
educational problem.

New requirements in modern conditions are imposed on engineering education on the basis of a competency-
based approach, which presupposes the focus of the educational process on mastering general cultural, professional,
general professional competencies laid down in state educational standards that ensure the successful implementation
of the professional activities of an engineer in a broad social, cultural, and economic context [4]. The work of a
modern engineer is complex and multifaceted.

One of the main goals of higher engineering education today is to prepare a competent engineer. The quality of
education of specialists and the level of their professional competence have acquired particular relevance in modern
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conditions [5]. “The competence of specialists is understood not only as their professional qualification characteristics
—knowledge, skills and abilities, but also their professional and personal characteristics — human behavioral reactions
in various work situations”. From the perspective of acmeology, the following general and mandatory
“characteristics of professional competence” are identified for all specialists: gnostic (cognitive) — reflects the
presence of the necessary professional knowledge (their volume and level are the main characteristics of
competence); regulatory — allows you to use existing professional knowledge to solve professional problems;
reflexive-status - gives the right to act in a certain way due to the recognition of authority [6]; normative — reflects the
terms of reference, the scope of professional competence; communicative determines the possibility of establishing

contacts of various types for the implementation of practical activities” [7]. When studying at a technical
university, a student develops different competencies at different stages of educational activity. For example, in the
first semesters, students study general scientific disciplines such as physics, chemistry, philosophy, history, foreign
language. While studying these disciplines they are forming learning and independent work skills [8]. Students learn
to work in a team, tolerant of general social and national differences between people. Study use the basics of
acquired knowledge in various fields of activity [9]. Students develop the ability for self-organization and self-
education, the ability to correctly express their own thoughts in oral and written speech when communicating with
people and for solving assigned tasks and goals.

MATERIALS AND METHODS

Our study allowed us to confirm the heuristic and expediency of the competence-based approach that we have
identified as a theoretical and methodological basis in the formation and development of the information professional
competence of future engineers [10]. Diagnostics of information professional competence of students, analysis
of modern principles of informatization show the possibilities of influence of the future engineer on the
effectiveness of the innovative way of development of the industry in the context of general informatization. In
addition, this social target orientation requires the integration of professionally oriented competencies related
to the skills and abilities of using virtual learning systems in management, a set of professional and general
cultural competencies related to the tasks of promoting virtual learning systems as innovations.

Today, the task is to develop and form the skills and knowledge of the assimilation of information
professional innovations, to effectively demonstrate its importance and value for solving specific professional
problems. Therefore, the information professional competence of future engineers includes the ability to
convince and need to use new information tools, to form information, economic, emotional, managerial,
technological conditions for the introduction of virtual learning systems and other innovations [11].

Analysis of the requirements for future professional activity is the basis for modeling the structure of
education. Revealing the structure and essence of the term «information professional competence» helped us to
create a model of its formation among future engineersby means of virtual learning systems.

Under the formation and development of professional information professional competence of future
engineers, we understand the controlled, purposeful promotion of future specialists in the study of theoretical
concepts and methods of functioning of the relevant technologies and processes.

Psychological and pedagogical support for the development of this competence includes a set of appropriate
means, forms, content, methods, organizational and pedagogical conditions that contribute to the formation and
development of information professional competence of future engineers.

An analysis of the psychological and pedagogical problems of development and the social demand for the
information professional competence of specialists has demonstrated the shortcomings of the models used today
in the practice of professionally oriented training in the universities of Uzbekistan [12]. The model developed
by us for the formation of information professional competence of students consists in coordinating all components
of the pedagogical process for the implementation of didactic synthesis and interdisciplinary connections
between the disciplines of professional and information training, as a condition for the development and
formation of information professional competence of future engineers.

The creation of a model for the development and formation of information professional competence was
implemented according to the following logic: identifying the purpose of designing the model, its connection
with the tasks and purpose of the activity under study, substantiating the modules of the model (meaningful,
motivational, technological), determining the principles and approaches on the basis of which this model works
(experimental testing of the model, determination of the main result).



The proposed model for the formation of information professional competencies by means of virtual
laboratory complexes and electronic educational technologies belongs to the category of «concepty. The concept
of «concept» implies a certain relationship between its components and the pedagogical system. The concept of
«concept» includes the main modules of the model: motivational, content, technological and control [13].

As a result of the study of the methodological and theoretical foundations for the formation of information
and communication competencies of students in virtual learning systems, a model was built and described,
consisting of modules: meaningful, technological, motivational and control.

The content module helps to provide future engineers with the opportunity to master skills and knowledge
while solving educational problems [14].

The technological module consists of teaching aids used in the virtual laboratory complex.

The motivational module has an impact on the formation and development of information professional
competencies in achieving tasks and goals in the motivational sphere, which positively affects the educational
process.

The control module helps to determine the effectiveness of the process of formation and development of
information and communication competencies of future engineers in the course of using virtual laboratory
complexes [15]. The control module contains a credit-module system that has segments of control and
evaluation at various stages of learning.

The purpose of the content block is the formation and development of information professional
competencies of future engineers: motivational, cognitive, activity, communication components, which
determine the student’s readiness to acquire knowledge in special disciplines, the ability to independently find,
process, analyze and transform, transmit and store information through communication and information
technologies, the desire for creative self-realization and self-education in the educational process [16].

RESULTS AND DISCUSSIONS

Analyzing in detail the model for the formation and development of information professional competencies, the
future engineer is offered both traditional and modern approaches and forms to learning in virtual laboratory
complexes, which are aninnovation in the pedagogical technology of the educational process [17]. The virtualspace
where information professional competencies can be formed consists of the following components: cognitive,
motivational, communication and activity areas.

Structural components of the development and formation of competencies in the field of engineering
technologies have been designed:

The cognitive component consists of the value of information and knowledge of the essence of modern society,
the latest technologies and their principles, analysis, information processing and working with a computer,
knowledge of basic software, computer technology, software products, knowledge of information protection
methods, the distinctive features of the information society.

The motivational component involves identifying the motives of future engineers to enhance learning activities
in a virtual laboratory complex and e-learning, includes the aspect of the formation and development of
competencies, the need for self- development, self-realization and self-improvement in the educational process.

The communication component contains the aspect of the formation and development of competencies in the
training of future engineers, involves the use of communication tools in electronic systems, Internet resources for
feedback in the educational process [18].

The activity component consists in the ability to apply information professional competence in future
professional activities; development of skills in working with software and tools for professional and general
purposes, to comply with information security requirements, the ability to work with information and data in global
computernetworks.

The motivational module of the model considers tasks, goals, methods and forms, organizational methods for the
formation and development of information professionalcompetencies by means of virtual laboratory complexes.

In the process of formation and development of information professional competencies of future engineers, the
following tasks are solved by means of virtual laboratory complexes and educational technologies:

1) mastery of skills;

2) formation of competencies;

3) development of creative abilities.

Accordingly, for the implementation of these tasks, the use of virtual laboratory complexes, methodological



support for electronic training programs will be effective: information and reference materials, methods and forms
of organizing the educationalprocess: survey, observation, questioning and self-diagnosis.

The purpose of the motivational module of the model is to highlight the initial foundations, determine the
direction for the effectiveness of the process of forming information professional competencies [19]. In addition, it
includes goals that are determined by the social order of the modern information society, the requirements of state
international and educational standards, the curriculum of the specialty, the pedagogical process of the university,
and the program of a specific educational process.

The social order of modern society implies the achievement by future engineers of a certain level of
information professional competencies, which makes it possible to use informatization tools to solve professional
problems. Education and training of such a specialist takes place through the development of the requirements
of the state educational standard for vocational education of universities and requirements for the level and
minimum content of graduate training.
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Figure 1. Organizational tools of virtual educational technologies in the subject of product quality control

The task of the university, in turn, is to organize an effective pedagogical process

in accordance with the standard.

The content of educational activities is determined by curricula, curricula in subjects that determine the
direction of preparing students for a specific competence. The technological module is a backbone element in the

presented model.
The module contains a methodological framework with personality-oriented and competence-oriented

approaches.

The methodological basis is as follows:

1) application and development of methods, content and forms;

2) competence-oriented approach;

3) application of virtual laboratory complexes;

4) independent work;

5) control of the quality of training.

The technological module of the model for the formation of information professional competencies presents the
following elements of virtual laboratory complexes:

- software interface for laboratory work;

- applet manager;

- Web server;

- database management system;

- an application (Java) that controls the laboratory installation;

- servlet (Java) that generates WW W-pages;



- applications (Java), fixing the results of the user’s work with the system.

It should be noted that the components of virtual laboratory complexes consist of both various traditional
educational tools (intelligent lectures, maps, seminars) and innovative ones (electronic learning systems,
participation in various electronic platforms, the use of electronic testing, etc.).

In the control module, we single out the levels of competence formation: advanced,

intermediate and intial levels.

The control module also includes a credit-module system consisting of control points at various stages of
education.

To identify the level of formation of information professional competencies of a future engineer of a
particular component, we have defined the following criteria: competence-based, personal-semantic, structural-
logical.

The process of each module consists of the following parts:

1) creation of virtual electronic cards;

2) independent work (solving tasks for performing laboratory work);

3) conducting training sessions (practical work at a computer);

4) control of the formation and development of information professionalcompetencies (testing).

The result shows the formation of information professional competencies of future engineers, which is
determined by three levels (advanced, intermediate, intial) [20].

The model proposed by us provides for the fulfillment of the following organizational and pedagogical
conditions:

1) integration of elements of e-learning systems and technologies and traditional

teaching methods;

2) creation of a virtual learning environment, taking into account the competence-

based approach in education;

3) increasing the motivation of intellectual and cognitive activity of students, taking into account the
creation of an information and technological environment.

In connection with the foregoing, by developing the skills of information professional competencies, the future
engineer acquires competencies that correspond to his professional activities. A set of standard competencies:
general cultural competencies, key competencies, information professional competencies, professional
competencies.

Thus, the developed model makes it possible to identify the content of competence, form competencies, show the
logic of the formation of information professional competencies, using the means of a virtual training system in
organizational and pedagogical conditions.

The main goal of creating and implementing the developed model is the formation of professional information
professional competence of future engineers.

At the next stage, the study of general professional disciplines begins, in particular, materials science,
engineering graphics, metrology, and the fundamentals of design and construction. Students acquire the ability to
apply fundamental laws in the disciplines of natural sciences in their professional activities, the ability to use methods
of mathematical analysis and modeling, theoretical and experimental research. Students begin to master the basic
methods and means of receiving, content and processing information. They have the ability to solve simple problems
in the professional field of their activity on the basis of information and bibliographic culture using information and
communication technologies and taking into account the basic requirements of information security. They begin to
understand the basic property and purpose of information in the development processes of the modern world.

At the last stage of study at the university, special disciplines are taught. After studying them, students can take
part in activities to compile scientific reports on the work done and in the introduction of the research results
obtained to the desired professional field. They may also be able to participate in working on innovative projects
using basic methods research practice. Students acquire the ability to perform initial economic and technical
justification of design solutions, ability to perform patent research to ensure patent purity new design solutions, the
ability to apply methods for quality control of objects and products in the field of professional activity, analyze
possible causes of violations of technological processes and prepare measures to prevent them.

CONCLUSIONS

Basic information professional competence - the readiness and ability of a future engineer to perform simple



professional tasks using the skills of an advanced user (search for training materials, the ability to work with virtual
training systems, create multimedia elements). Possession of basic information professional competence allows you
to form key information professional competence, in other words, the ability of a specialist to perform
standard professional tasks using modern information technologies. The ability of a future engineer to perform
non-standard and complex professional tasks based on information professional determines special information
professional competence. Any level differs in the depth and specificity of mastering one or another computer tool,
in addition, it is impossible to possess special competencies without basic knowledge of the use of information
professional in professional activities.

The predictable result is the mastery of the relevant theoretical concepts, increasing the information professional
competence of future engineers, which is the basis ofthe control block of our model. It defines the features of
the process of formation and development of information professional competence, the methods, forms and means
of training used, and contains indicators, criteria and levels of formation of information professional competence.

The use of the methodology for the formation and development of information professional competence is
related to the development and use of a virtual laboratory complex of a virtual training system.

It should be noted that the methodology for the formation and development of information professional
competence is based on establishing links between the components of the content of disciplines of subject
and information training, the implementation of which is carried out at the level of didactic synthesis and
interdisciplinary connections.

Thus, on the basis of the above proposals for the organization of the virtual educational system of the university,
it is possible to determine the basic principles of its construction:

1) the continuity and complexity of teaching specific professionally-orienteddisciplines within and with the
help of subjects of the information cycle;

2) problem-modular approach to solving professional problems;

3) an individually-oriented approach to the choice of a subject area, which is implemented with the help
of calculation and graphic tasks;

4) independence not only in the formation of a practical goal, but also in the choice of ways to achieve
the goal;

5) active study of professionally oriented components in the course of introductory,industrial and practical
training.

The following characteristics of the “formation process” can be distinguished readiness for engineering
activities: orientation of content and forms educational process of the university to prepare an engineer capable of
going beyond limits of regulatory activity and carry out innovative processes; active focus on the process of
developing professional readiness engineer to advanced domestic and foreign experience; humanistic focus of
engineer training; bringing the engineer training process to technological level.
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