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1 Introduction 

Modern education cannot be mentioned apart from the processes of economic, 

technical, cultural and social development. At the end of the 20th century there 

emerged a phenomenon of ICT means within the educational process. It represents the 

interaction of teachers and pupils, while all the parts of the learning process are im-

plemented using Internet technologies or other means of interactivity [1, 5, 6, 19]. 

The main direction of the development of modern education system is introduction 

of modern information and communication technologies into a wide educational prac-

tice. The use of information and communication technologies (ICT) plays a huge role 

in the training of future teachers. 

Modern information technologies are becoming one of the most important tools for 

school modernization. They facilitate the work of teachers and educators, make it 

possible to reduce the classroom burden on pupils, to diversify forms and ways of 

teaching to organize the learning process taking into account pupil’s personal charac-

teristics, and also to track the specific results of education. 

One of the most important competencies of future teachers is not only ability for 

self-development, self-education, but also teacher's readiness for pedagogical activity 
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in the conditions of informatization of education. Ability of teacher to use tools of 

information and information technology in order to solve professional problems be-

comes one of the components of his / her professional competence [2, 7, 18]. 

One of the results of the process of educational informatization should be ability of 

all participants to use modern information and communication technologies within the 

educational process in order to work with information. All the participants of the 

educational process have to find the necessary data, to organize, to process, to analyze 

and to evaluate information, as well as to produce and to disseminate information in 

accordance to their goals. 

2 Methodology 

According to the modern pedagogical literature [1, 3, 13, 22] term “ICT compe-

tence” is used to determine the level of professional activity of a teacher in the field of 

ICT use. 

Researches [4, 10, 15, 30] consider that ICT competence of a specialist is the abil-

ity of a specialist to solve educational and professional tasks using information and 

communication technologies. ICT competence of a teacher is a personal quality of a 

teacher, which is manifested in his / her readiness and ability to use information and 

communication technologies in his / her subject activity independently. 

The process of ICT competence formation of a future teacher should obtain a de-

veloping character. Thus, the formation of ICT competence is the process of transition 

to a state where a future teacher, becomes able to find, to understand, to evaluate and 

to apply information in various forms in order to solve personal, professional, social 

or global problems. 

It should be noted that modern ICT education is based on the use of the following 

elements: 

• Informational transfer environments. Examples include informational networks and 

educational platforms.  

• Methods of information exchange, depending on the technical environment. 

Modern ICT education has a lot of advantages: 

• Reduced costs on education 

• Reduced time on education 

• Students themselves can plan themselves their time, place and duration of the les-

sons 

• Convenience for groups to study 

• Improved quality of education due the use of modern technologies 

Professional development of future specialists in modern conditions cannot be im-

agined without the active application the information and communication technolo-

gies (ICT), which have great pedagogical potential. 

[8, 11, 25, 27] highlight the importance of information and communication compe-

tence of schoolteachers, who carry out their professional activities in the context of 
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widespread introduction of information and communication technologies into the 

school educational space. The future of education depends on that how pedagogical 

staff is trained, how “free” they apply the means of information and communication 

technologies within the educational process. 

Meanwhile, success of informatization and computerization of educational process 

as a whole depends on the information and computer competence of specialists in the 

field of education to a great extent. Teachers who are able to teach children the basic 

subjects of the school curriculum qualitatively, should apply new information tech-

nologies, and shape their information and computer culture. These specialists should 

also be well versed in children psychology, have a good command of teaching meth-

ods and be experts in the field of information technology. 

Such teachers should possess the following knowledge and skills: 

• To know the possibilities computer for training and development 

• To master the methods of using a computer in organizing training of disciplines 

• To use computer for organizing evaluation and self-control of pupils mastering the 

studied material 

• To be able to combine computer and traditional learning technologies; 

• To use new information technologies in order to organize pupil' creative activities 

in the classroom [28, 31, 34]. 

ICT have its own specifics in pedagogical university, because they act not only as 

an object of study, but also as a tool for subject and pedagogical activity, and as a 

means of educational and methodological support of educational process at school. 

The formation of ICT competence of future teachers involves mastering of didactic 

properties of ICT tools. 

Many researchers [12, 14, 17] emphasize that the didactic properties of ICT tools 

can perform all educational functions (educational, teaching and developing) effec-

tively. 

We include to the didactic properties of ICT tools such qualities as communication 

and information retrieval activities, mobility, interactivity, objectivity and impartiality 

of information, obtaining more information, modeling, etc. 

These properties allow ICT to ensure the implementation of an individual trajecto-

ry of professional development of the student: 

• Adaptability of educational material (depending on the individual activities of the 

student); 

• Multi-termination (simultaneous work of group of users) 

• Interactive dialogue (interaction of technical means of learning and the student, 

imitating a certain degree of natural communication) 

• Constant control of individual work of the student during an extracurricular time 

ICT allows not only to issue information but also to make its presentation more ra-

tional, easy to understand. Various methods of providing educational information are 

used in this case: 

• Simultaneous viewing of several fragments of educational material 
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• Output of text information on monitors in different modes (reading, markup, Web 

pages, etc.) 

• Reflection of the roles (values) of the educational material and the hierarchical 

links between them (the viewing tree) 

• Navigation on the educational material 

• Interactive presentation of educational material [9, 20, 33]. 

It should be noted that graphical visualization of the ICT training information (vis-

ual representation on the screen of constituent parts, process, models,) is a powerful 

factor in activating cognitive activity. 

The main capabilities of ICT applications of their graphic demonstration are: 

• Monochrome, toning, full-color graphics 

• Static, animation, sprite-representation of illustrations 

• Direct inclusion in the educational process of information images of the surround-

ing world 

• Visual representation of the object, its constituent parts 

• The graphic interpretation of the studied regularity of the process 

Demonstration capabilities of ICT can expand and strengthen the impact on the 

ways of audio presentation of the studied material. They include speech, music, 

demonstration commentary, sounds, technological signals, etc. 

Complex presentation of the content of the educational material with the help of 

multimedia technologies (graphics, animation, video and audio support), three-

dimensional graphics, virtual reality technology makes it more accessible for under-

standing.  

Programs based on multimedia technologies are considered as a multicomponent 

information environment, allowing to combine text, sound, video, graphic and anima-

tion within computer system. As a result, several sensory organs of audio and video 

information are immediately affected, that significantly improves the accuracy and 

strength of memorization of the studied material. Multimedia demonstrations with the 

use of three-dimensional (3D) graphics provide possibility of creating complete illu-

sion of three-dimensional, holographic image of objects or processes being studied. 

They are becoming widespread increasingly. 

ICT provide opportunities for individualization and differentiation of training. 

Maximum possible individualization and differentiation of the learning process is 

achievable when computer technologies and educational technologies are used. ICT 

provide a variety of educational process, which will give the students the ways to 

choose his / her trajectory of professional development and the individual rate of mas-

tering knowledge, taking into account his / her physical, personal and other character-

istics. 

Opportunities to develop skills of group work, its organization, decision-making 

are realized with the help of software for working groups, communication, projection 

and multi-terminal equipment. These opportunities form the ability to initial organiza-

tional skills. 
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Possibilities of ICT, which are used to consolidate knowledge are very important 

for the achievement of pedagogical goals. They are implemented in the teaching due 

to such methods as matching fragments of familiar and new material; "Running 

ahead"; reminder ("sending back") for a better understanding of the connection with 

the studied material; performing tasks with the "trainer" [27, 32, 35]. 

Such methods significantly reduce training time, increasing the strength and lon-

gevity of knowledge. 

3 Materials and Methods 

Educational tasks should be solved in order to achieve such educational goals: 

• Rapid adaptation of learning process to the specific features 

• Progress of skills in searching and making optimal decisions in non-standard situa-

tions 

• Working with large volumes of information, search, systematization, transfor-

mation, storage, etc. 

• Acquaintance with the systems and methods of multimedia presentation of infor-

mation 

• Formation of skills to use automated systems 

It is important to emphasize that solution of these problems ensures design and im-

plementation of individual trajectories of the students within their educational process 

[16, 22, 29]. 

ICT perform informative, demonstration, training, communicative, instrumental 

functions within the educational process of university. 

Informative function means that students can take advantage of the information re-

sources (electronic dictionaries, databases, catalogs, etc.) in order to increase the effi-

ciency of transferring and assimilation of educational information in the most conven-

ient form for them. 

Demonstration function provides structuring and illustrative representation of edu-

cational material, allows shifting the focus of the informative channel towards im-

proving the quality and visibility of educational information significantly. 

Training function of ICT is implemented in the training simulators which are di-

rected to the development of certain skills and abilities, maintenance and restoration 

of them at the required level. 

Communicative function of ICT meets the requirements of logical needs of the 

learning process between teaching ICT system and the users. Users themselves devel-

op their communicative abilities. 

Instrumental functions of ICT are automating of calculation, graphic, design and 

other tasks of training. 

Such functions as diagnostic, organizational, regulating, motivational, and function 

of partner support of activities (information, professional, technical, etc.) are related 

to the functions which are delegated by teacher for the teaching ICT system. 
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Diagnostic function provides constant and sustained feedback of the learning pro-

cess, for example, checking correctness of certain results of the student and exhibiting 

his / her results of intermediate or final evaluation. 

Organizational function helps the teacher to organize work of the students accord-

ing to the pre-planned algorithm of the training ICT system. 

Regulatory function relates to the possibility of setting up training programs for 

different levels of training. 

Motivational function provides constant motivational regulation of training to im-

prove the effectiveness of educational work. 

Educators single out teaching (didactic), developing, educational and management 

tasks of ICT mean. They are presented in Table 1. 

Table 1.  Tasks of ICT Means 

Teaching (didactic) Developing Educational Management 

Presentation of educa-

tional information 

Development of infor-

mation culture 

Formation of adequate self-

esteem 

Organization of access 

to information sources 

Practical training Development of skills in 

research and creative 

activity 

Education of independence, 

habits of counting on one's 

own strengths and opportu-
nities 

Use of various forms of 

guidance for independ-

ent work of students 

Instrumental and 

partner support of the 
teacher 

Development of figura-

tive thinking 

Formation of a positive 

attitude towards learning 

Organization of feed-

back 

Individualization and 

differentiation of 
education 

Aesthetic development Educating self-reliance and 

willingness to compete 

Pedagogical Diagnos-

tics 
 

Activation of cognitive 
activity 

Development of the 
ability to convey infor-

mation presented in 

various forms 

Education of the understand-
ing of the need for continu-

ous self-improvement 

Creating an open educa-
tion system that pro-

vides training 

 

A computer acts as an irreplaceable assistant and partner support tool for a teacher. 

It acts as personal secretary, an analyst, a consultant, etc. The above list of functions 

and tasks are both assigned to ICT which determines the components of the ICT ped-

agogical potential such as ICT means, pedagogical methods and methods of their 

application, pedagogical capabilities of ICT. 

ICT are more flexible and mobile as they obtain ability to organize large amounts 

of information, to provide easy access to it, its transfer and replication, that is, the 

ability to organize information support. There is no need to reproduce it in all training 

workplaces, which means that it is easier to update and monitor, because the training 

information can be located on servers and in remote access mode. Process of obtain-

ing educational information becomes more dynamic and comfortable. 

Quick search of information with the help of ICT tools such as hypertext, hyper-

media, bookmarks, automated pointers, keyword search, full-text search, etc., creation 

of samples, queries, and reports speed up the independent work of pupils significant-
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ly. Presentations in a multimedia form of unique information materials (drawings, 

manuscripts, video fragments, sound recordings, etc.) allow to get a first-hand look at 

what humanity has accumulated in history. 

Information and resource learning opportunities increase the amount of access to 

educational information to previously unthinkable limits. At the same time, teachers 

and students have the opportunity to make an extensive use of e-mail, electronic con-

ferences and various Internet resources within traditional full-time education. Modern 

communication technologies allow to individualize and activate educational process 

even within the framework of group information intervention. 

Methods of the traditional educational system can be realized with the help of the 

opportunities of communication technologies. Thus, lectures contain material, the 

perception of which is not required, can arise in electronic form, display on a local 

network, at Internet or an electronic conference. Lecture notes can be supplemented 

with the collections of articles, additional materials which are addressed to the specif-

ic students. Training can be realized with such technologies as ICQ, e-mail, that pro-

vide communication of teacher and pupil in individual form [17, 21]. 

Teachers and pupils can use electronic libraries, where they can find any infor-

mation source quickly, visit Internet forum and discuss any topic of interest with other 

visitors, etc. Using ICT tools (searching engines, educational sites, mailing programs, 

etc.) allow teachers and pupils to share information, to collaborate with other pupils, 

to publish their ideas or comments, to participate in problem-solving and discussion. 

Internet supports with text, graphics and multimedia pages. It is no longer a passive 

resource, but it is an environment that stimulates activity and independence of stu-

dents, resourcefulness and initiative from the point view of educational opportunities. 

The above description of pedagogical potential of ICT is far from exhaustive, mass 

application of ICT is just beginning. We can conclude that the full-scale introduction 

of these technologies promises revolutionary changes in education. Thus, pedagogical 

capabilities of ICT within the formation of information and communication compe-

tence (ICT) of future teachers are enormous and play an increasingly important role 

[23, 24, 26]. 

4 Results of the Study of Formation of ICT Competence of 

Future Teachers 

The study was conducted at Orenburg State Pedagogical University and Southern 

Federal University (Russian Federation). 

The study was conducted at two universities (Orenburg State Pedagogical Univer-

sity and Southern Federal University) in 2017–2018. 188 students participated in the 

study. Respondents were from 19 to 21 years of age. Experimental group consisted of 

93 future teachers. Control group included 95 future teachers. 

Students of the control group studied the use of ICT in their future professional ac-

tivities within the discipline "Informatics". Students of the experimental group attend-

ed additional training courses “Information Technologies in Education”, “Fundamen-

tals of Mathematical Information Processing”, “Practicum on Electronic and Comput-
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er Office”, “Statistical Processing of the Results of Pedagogical Research”, “Modern 

Means of Assessing the Learning Outcomes”, “Interactive Forms of Learning”. 

We conducted testing which made it possible to determine the initial level of for-

mation of the components of information and communication competence of the stu-

dents of experimental and control groups at the initial stage of the experiment. 

We identified 4 components (cognitive, strategic, technical, and evaluative) of in-

formation and communication competence. 

Cognitive component means awareness of the need for independent information re-

trieval to solve professionally oriented tasks effectively. 

Strategic component provides for the ability to determine strategy of collecting and 

processing information that is optimal for ergonomic and time-consuming information 

which is necessary for specific educational and life situations and tasks. 

Technical component includes the ability to use information resources, technolo-

gies, tools, Internet services effectively, as well as the ability to create software prod-

ucts. 

Evaluative component means the ability to assess the reliability of information 

sources and information itself. 

The data obtained were summarized and converted to percentage. The empirical 

data were quantitatively processed and analyzed at a qualitative level. Dynamics of 

step-by-step development of ICT competence was established and the obtained data 

are revealed in Table 2 and Table 3. 

Table 2.  The results of the assessment of the level of ICT competence in the experimental and 

control groups before the experimental work 

ICT competence Experimental group Сontrol group 

Low  

level % 

Middle  

level % 

High level % Low  

level % 

Middle level % High level % 

Cognitive component 51,2 34,9 13,9 50,0 36,4 13,6 

Strategic component 55,8 32,6 11,6 54,5 34,1 11,4 

Technical component 58,1 32,6 9,3 59,1 31,8 9,1 

Evaluative component 55,8 32,6 11,6 56,8 34,1 9,1 

Table 3.  The results of the assessment of the level of ICT competence in the experimental and 

control groups after the experimental work 

ICT 

competence 

Experimental group Сontrol group 

Low level % Middle level % High level % Low level % Middle level % High level % 

Cognitive component 39,5 34,9 25,6 22,7 36,4 40,9 

Strategic component 48,8 32,6 18,6 29,5 31,8 38,7 

Technical component 48,8 30,2 21,0 29,5 34,1 36,4 

Evaluative component 46,5 30,2 23,3 22,7 34,1 43,2 

 

Comparative analysis of the results of input and final diagnostics of the formation 

of ICT competence of teachers in the control and experimental groups showed a sig-

nificant dynamic of the development of ICT competence in experimental groups, 

which indicates the effectiveness of the experimental work. 
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5 Conclusion 

Dynamic changes in the modern world dictate the need to find new approaches to 

the theory and practice of forming ICT competence in all areas of human activity and 

especially in formation of ICT competence of future teachers. 

Informatization of education is declared as one of the priority directions of the state 

policy in the field of education. ICT plays a unique role in improving the quality of 

education. It simplifies the integration of the national education system into the world 

one and facilitates an access to international sources of information in the field of 

education, science and culture. 

The need of formation of ICT of future teachers relates to the changing of structure 

of educational information interaction between teachers and pupils. This interaction 

becomes active, it uses educational information, which transfers the learning process 

from the level of “passive information consumption” to the level of “active infor-

mation transformation”. 

It also relates to the changing structure of presentation of educational material and 

methodological support of the educational process, which leads to the choice of an 

individual “learning path”, a student-centered mode of learning activities, independent 

presentation and extraction of knowledge, implementation of information activities 

and information interaction with an interactive source of educational information. 
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