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Abstract. The changes in education dictated by the 4th industrial revolution 
and the specifics of training future teachers in primary education associated 
with the multidimensionality of pedagogical activities give grounds for 
refining the structural and content model of ICT competence of future 
teachers in primary education. In the contemporary information society, 
establishing a holistic view of the unity of information processes is a 
prerequisite for educational process organization. The insufficient level of 
ICT competence in future teachers in primary education and the need to 
achieve meta-disciplinary results in education serve as a basis for the 
clarification and specification of the model of this concept. The authors 
propose an expansion of the invariant component composition of ICT 
competence with meta-subject components (the variable core of the 
competence): semiotic, technological, and integrative. Refining the 
structural and content model and identifying the methods and techniques that 
contribute to the formation of ICT competence in future teachers in primary 
education and allow reaching meta-subject results. One of the main 
instruments contributing to the formation of ICT competence is 
mathematical modeling based on the universal sign-symbol system and most 
suitable for designing computer models. The methodology based on the 
method of cross-curricular tasks allows achieving meta-subject results in the 
construction of the educational process of training future teachers in the field 
of primary education. Research demonstrates that enriching the educational 
process of future teachers in primary education with schematic, graphic, and 
geometric tools and the implementation of the method of cross-cutting tasks 
that serves as a leading means of teaching mathematics contribute to the 
emergence of a stable positive dynamic in the formation of information 
culture, particularly the meta-subject components of ICT competence of 
future teachers in the field of primary education. 
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1 Introduction 
The world of “signs” and “texts” gains crucial importance in the contemporary information 
society. The role of knowledge is largely transforming due to the volume and speed of 
dissemination of data filling the surrounding reality. The ability to work with data solely 
determines whether we obtain an information product and true knowledge or remain cut away 
from the world of “texts”. 

In the modern world of automated and “intelligent” technology, the emphasis of the 
educational process is shifting dramatically which is dictated by the fundamentally new 
reality of the 4th industrial revolution. Teaching new pre-established algorithms and models 
is no longer relevant. More valuable today is the acquisition of universal skills of working 
with data: analyzing, synthesizing, classifying, generalizing, etc. Thus, a special, 
fundamental role in the acquisition of universal basic knowledge and skills is played by 
“humanitarian informatics” [1: 1] that examines information processes beyond “facts and 
technology” [1: 1] and attributes the defining role to information and its properties. Many 
researchers (S.A. Beshenkov, E.V. Mindzaeva, E.A. Rakitina, I.I. Trubina, M.I. Shutikova) 
emphasize the special role of information modeling (particularly mathematical modeling) in 
the process of expanding the subject of computer science towards a meta-subject.  

2 Methods 
Competence in the sphere of ICT is one of the major requirements for the training of modern 
specialists. A teacher as a subject of pedagogical activity who contributes to the development 
of students’ socially adaptive personalities has to teach them the basics of interaction in the 
information society. Fulfilling the requirements of the Federal State Educational Standard [2] 
is a vital prerequisite for training future teachers in the sphere of primary education, one of 
the criteria for their training is “systematic and critical thinking” manifesting in “the ability 
to search for, critically analyze, and synthesize information” which points towards 
competence in the field of ICT. The need for ICT competencies is also stated in the 
professional standard “Teacher”, the main document regulating the performance of a 
teacher’s job functions.  

Many researchers (S.A. Beshenkov, M.I. Shutikova, E.V. Mindzaeva) emphasize that the 
study of any phenomena and processes of reality is associated with information modeling. 
Different social systems are subject to the same principles of information interaction: 
systematicity, symmetry, uncertainty, additionality, incompleteness of the formal system, 
and “nonlinearity” [1: 2], which allows us to consider the meta-dimensionality of information 
processes and their integrative functions. We argue mathematical models as most suitable for 
the construction of computer models as they result from a rigorous formal presentation with 
the use of the universal sign-symbolic system (the universality of mathematical language is 
undeniable) which is not the case for other models, for instance, the literary information 
models. Thus, mathematical modeling presents a necessary instrument for the formation of 
the meta-subject component of ICT competence [1, 3-5]  

Analysis of the content of the concept of ICT competence of primary school teachers [6] 
demonstrate that the authors do not consider the content of this concept in terms of the 
polyaspect nature of training primary school teachers and the general pedagogical nature of 
the components of ICT competence (cognitive, motivational and value, operational and 
activity, professional-methodological, communicative, and reflexive and evaluative 
components) needs further specification through meta-subject components which will allow 
forming the variable core of ICT competence.  

⎯ The semiotic component – mastery of universal sign systems capable of providing a 
differentiated linguistic representation of information flow units.  
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⎯ The technological component – the ability to use semantic units competently when 
creating educational information models, making inferences, and establishing the 
informational and conceptual isomorphism and homomorphism. 

⎯ The integrative component – the ability to effectively conduct information 
interaction in the conditions of the pedagogical process. The performance of the 
integrative function in mastering different subject areas to “connect” concepts and 
form a unified image of the world, a comprehensive view of information processes, 
and a holistic worldview. 

Let us examine the process of formation of meta-subject components on an example. 

Table 1. Formation of meta-subject components ICT competence of future teachers in primary 
education. 

 Stages ofproblem-solving The forming meta-
subject 

components 
Inside a rectangular 
parallelepipedic 
room, a ladybug sits 
25 centimeters away 
from the ceiling in 
the middle of one of 
the end sides, as 
shown in the figure 
(point A). The room 
is 7 meters long, 3 
meters wide, and 3 
meters high. 
Construct the 
shortest route for the 
ladybug to get to 
point B (25 
centimeters away 
from the floor in the 
middle of the other 
end face). Note that 
the ladybug never 
falls down. 
 

Let us make a geometric model of the problem.  

 

The semiotic 
component is 
determined by the 
mastery of sign 
systems that allows 
to assign 
conventional 
symbols to objects 
of reality and 
represent them 
according to the 
condition of the 
problem.  

The model of the room is presented in the form of 
different variants of its net to calculate the shortest 
possible distance from points A to B. 

 
The result of consideration of the first model is 10 
meters. 

The technological 
component is 
formed based on the 
analysis of semantic 
units, modeling the 
processes of reality, 
and creating a chain 
of inferences. 
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The second version of the net provides an 
approximate result of 10.31 meters. 

 
As a result of consideration of the third net, an 
approximate result of 9.73 meters is obtained. 

 
The fourth version of the net provides an 
approximate result of 9.6 m. 
Let us depict the route of the ladybug corresponding 
to the variant of the solution based on the fourth net. 
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Spatial thinking is a necessary basis for creating 
spatial images and structures. This type of mental 
activity allows analyzing spatial structures, 
transforming their properties, and achieving the 
optimal conditions for decision-making. 
 
 

The integrative 
component is 
determined by 
establishing the 
isomorphism of real 
phenomena with the 
concepts of formal 
science (the 
formation of a 
unified image of the 
world). 

 

The example shown in Table 1 demonstrates that mathematical models contribute to the 
formation of meta-subject components since solving them requires operating with sign 
systems (constructing a model), analyzing the resulting sign units (constructing a chain of 
inferences), and transforming the properties of formal objects to optimize the conditions of 
the surrounding reality. One can notice that the result of the problem varies depending on the 
location of points A and B (50 cm, 75 cm, etc.) relative to the ceiling and floor which allows 
researching this issue. The use of software tools, for example, GeoGebra, will allow 
optimizing both the visualization process and research activity when solving this problem. 
The implementation of the cross-cutting tasks method in constructing the educational process 
allows considering the mathematical model from different points of view and reveals the 
applied value of mathematical knowledge. New information for students has to come from a 
“living” model showing the genesis and the logic of disclosure of mathematical concepts. 
This approach helps to achieve meta-subject results in education [7].  

3 Results and discussion 
V.A. Testov notes that spatial thinking and particularly “geometric imagination is necessary 
for many areas of human activity – from the field of mathematical art to mathematical 
modeling and programming” [8: 13]. In contemporary visually saturated information 
environment, the role of figurative and especially spatial thinking increases significantly. 
Back in the 1970s, Russian psychologist V.P. Zinchenko stated that “in the near future, 
images will be an extremely effective means of human-machine communication” [9: 44]. 
Research by Russian psychologists (V.P. Zinchenko, V.M. Munipov, V.M. Gordon) shows 
that “the language of images is no less of a means of modeling a problem situation than 
speech” [10: 13], therefore, the reduction in the volume of geometrical material in school 
mathematics significantly impoverishes the means of stimulating imagination leading to 
difficulties in the development of figurative and particularly spatial thinking, which, in turn, 
contradicts the challenges of the modern information society [11-15].  

4 Conclusion 
Thus, filling the educational process of future primary school teachers with schematic, 
graphic, and geometric instruments appears to be the leading pedagogical condition for the 
effectiveness of the formation of information culture, particularly ICT competence, in 
primary education specialists. The meta-subject components of ICT competence of future 
teachers in primary education are a logical consequence of the expansion of its invariant core 
(the general pedagogical component composition: cognitive, motivational and value, 
operation and activity, professional-methodological, communicative, and reflexive and 
evaluative components) of the variable component (semiotic, technological, and integrative 
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components). The use of mathematical methods and models together with software 
applications form the optimal pedagogical environment for the formation of meta-subject 
components of ICT competence in the training of teachers in the sphere of primary education.  
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