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PROFESSIONAL COMPETENCIES OF STUDENTS OF PHYSICAL AND 

MATHEMATICAL SPECIALTIES 

 

 

Livia Mesarosh  
 

 

The article outlines the issues of professional competence of senior students of physical and mathematical specialties. A 

comparative description of their professional competencies is given, common and specific components are identified. It 

was found that in combination with traditional pedagogical teaching methods (based on the student's reproductive ac-

tivity), it is important to introduce the latest methods, which provide special attention to the formation of professional 

competencies of university graduates. It is substantiated that physics is inextricably linked with mathematics. Mathe-

matics gives physics the means and techniques of general and accurate expression of the relationship between physical 

quantities, which are discovered as a result of experiment or theoretical research. Therefore, the content and methods 

of teaching physics depend on the level of mathematical training. It is shown that the teaching of physics and mathemat-

ics should be based on the mutual use of elements of mathematics in the course of physics and physical concepts in the 

study of algebra and the principles of analysis, because it accelerates mental development and formation of scientific 

worldview of students. The importance of interdisciplinary connections as a component of interdisciplinary integration 

in order to optimize the educational process is revealed. The question of possibilities of creation of physical and math-

ematical discipline and a set of competences which future experts should possess is considered. It was found out that for 

future specialists such an approach would allow to carry out the educational process in accordance with the require-

ments of modern dynamic educational space, acquire new skills, be more competitive, but at the same time due to a 

large number of discrepancies in the competences of physics and mathematics 
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1. Introduction 

Higher education is in the midst of a major trans-

formation. The latest training systems aim to shorten the 

learning curve by optimizing the learning curve. Focus-

ing on the basic and essential in the educational material, 

the establishment of interdisciplinary connections be-

tween professional disciplines is an important component 

of the concept of interdisciplinary integration. One of the 

possible directions of modernization of educational pro-

duction envisages the creation of physical and mathemat-

ical science. Physics and mathematics have certain anal-

ogies, creates the prerequisites for a deep understanding 

by students of the methodology for solving problems in 

the physics and mathematics cycle. When solving prob-

lems, the connection between the mathematical expres-

sion and the physical content of the equation or theorem 

with theoretical justification, ensuring better assimilation 

by the student. A certain level of understanding of the 

material is required to memorize it. 

The dynamics of changes in professional compe-

tencies is increasing. In recent studies, it is emphasized 

that any specialist in the near future is doomed to con-

stant replenishment, updating of their skills and abilities. 

In such conditions, the readiness for continuous self-

education and self-development is the most important 

condition for maintaining the competitiveness of a spe-

cialist [1]. According to the new standards and indicators 

of quality and the development of new information and 

educational technologies, such competencies will play an 

increasingly important role: deep knowledge of the spe-

cialty, analytical thinking, the ability to quickly master 

new information, negotiate, work in a stressful situation, 

effectively use working time, work in a team, competent-

ly express their thoughts, own modern information tech-

nologies [2]. 

 

2. Literature review 

According to [3], competence is the ability to suc-

cessfully meet individual or social needs, to carry out 

activities or to perform assigned tasks. However, the au-

thor of work [1] notes that competence is a little more, a 

quality that appears as a result of the prevailing specific 

knowledge, skills and abilities that a graduate must pos-

sess upon graduation from a university. Competencies, in 

turn, constituting competence, form in the process of 

obtaining higher education a certain range of knowledge, 

skills, and abilities that should be possessed. Competen-

cies are described using standards and criteria for per-
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forming tasks or behavioral standards, characterizing the 

activity capabilities of an individual in the social context 

of activity. 

Competence is an integrative characteristic of a 

person, it is a holistic, systemic set of qualities necessary 

for the successful performance of activities in certain 

areas: the so-called competencies, as well as the ability to 

effectively solve problem situations and tasks that arise 

in all other spheres of its life. Professional competence is 

considered as the most important component of profes-

sional education, as an integral characteristic of the per-

sonal and active qualities of a future specialist, reflects 

the level of his knowledge, skills and experience suffi-

cient to achieve the goals of professional activity and the 

social position of the individual [4]. 

The competence-based approach in vocational edu-

cation consists in developing a set of key competencies 

among students, which they will further apply for successful 

activities in a particular professional field. The competence-

based approach in education establishes a new type of edu-

cational results, is not limited to a combination of 

knowledge and skills, but is focused on the ability and read-

iness of an individual to solve various kinds of problems. 

The concept of "competence" includes knowledge, skills 

and abilities, personal qualities (initiative, commitment, 

responsibility, tolerance, etc.), social adaptation (the ability 

to work independently and in a team) and professional expe-

rience. These components allow the graduate to learn how 

to navigate the situation, correctly set and solve the tasks 

assigned to him [5, 6]. The following components of com-

petence can be distinguished [7]: 

1. procedural competence – the ability to interpret 

the results of certain measurements in the form of statis-

tical tables, diagrams, graphs, etc., the ability to “read” 
tables, diagrams, graphs of functions, to use the appa-

ratus of mathematical analysis and statistics; 

2. logical competence – possession of inductive 

and deductive methods of reasoning, argumentation, 

proof and refutation of statements, possession of general 

methods of mental activity in the field of special object 

objects: methods of analysis, synthesis, comparison, clas-

sification, abstraction, generalization, concretization, 

establishment of analogies; the use of causal, structural 

and logical, system-educational links; 

3. technological competence – possession of mod-

ern mathematical packages, technologies for building 

diagrams, graphs; 

4. research competence –the ability of a subject to 

independently master or create systems of new 

knowledge as a result of a shift in emphasis in activity 

from functional to transformative, based on a system of 

previously mastered knowledge, skills, and abilities; 

5. methodological competence – mastering uni-

versal methods of cognitive activity, critical analysis of 

the feasibility and effectiveness of each of them, the abil-

ity to assess the feasibility and features of the use of 

mathematical methods in the professional field, in order 

to solve professional applied problems. 

Natural-scientific competence involves mastering 

the terminological apparatus of the natural sciences, mas-

tering subject knowledge and understanding the essence 

of the basic laws and patterns that make it possible to 

understand the course of natural phenomena and process-

es; understanding of fundamental ideas and principles of 

natural sciences; gaining experience in practical and ex-

perimental activities, the ability to apply knowledge in 

the process of learning about the world; the formation of 

value orientations for the preservation of nature, the har-

monious interaction of man and nature, and the idea of 

sustainable development [8, 9]. 

 

3. The aim and objectives of research 

The aim of research is to develop and practically 

test the technology for the formation of professional 

competencies of students of physicists and mathemati-

cians, effective methods, forms and means of teaching 

using intersubject connections to increase the effective-

ness of teaching subjects of the natural and mathematical 

cycle, the intellectual development of students and the 

formation of sustainable cognitive interests in their field. 

To achieve the aim, the following objectives 

are set: 

1. Analyze scientific works devoted to the for-

mation of professional competencies of students of phys-

icists and mathematicians, taking into account the pres-

ence of intersubject connections. 

2. To identify general and specific characteristics 

of professional competencies. 

3. Determine (on the basis of analysis) the possi-

bilities and feasibility of creating physical and mathemat-

ical science. 

 

4. Methods of research 

To achieve the aim of research, empirical methods 

were used: observation of the educational process of stu-

dents while teaching physics and mathematics, analysis 

of the results of educational achievements of students. A 

set of methods of scientific knowledge were effectively 

used: a systematic and comparative analysis of literature, 

work programs, the pedagogical process on the problem 

of research, generalization and systematization of scien-

tific and theoretical provisions in order to obtain a holis-

tic picture of the current state of research and the possi-

bilities of improving approaches to the issue of profes-

sional competencies. 

 

5. Research results and their discussion 

According to the results of research by psycholo-

gists, intersubject associations have a positive effect on 

the development of imagination, observation, memory, 

speech, form the ability to abstract thinking and to inde-

pendently transfer knowledge, skills and abilities to new 

cognitive tasks. It is this independence that is called "the 

most important indicator of mental development" [9]. 

One of the main conditions for the formation of a stu-

dent's professional competence in the learning process 

should be his self-identification as a subject of educa-

tional activity, the purpose of which is the consistent 

acquisition of knowledge, skills and abilities. Only self-

organization, self-control will allow the student to be-

come competent in the specialty being received [1]. 

Choosing a profession, a student must clearly understand 

what the requirements for him will be in the future, it is 

important to have an idea of the rights and obligations of 

a specialist of the chosen qualification. 
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The goal of training physicists is to train special-

ists who are able to theoretically interpret and experi-

mentally study the physical laws of fundamental natural 

phenomena, simulate complex processes, develop and 

operate high-quality equipment and measuring instru-

ments. The purpose of training mathematicians is to train 

specialists who are able to use the acquired mathematical 

knowledge in practice, are able to model both theoretical 

and practical mathematical problems, and develop meth-

ods for solving such problems. 

Although the process of mutual penetration and 

communication between the sciences is clearly outlined 

in the modern system of sciences, students of all special-

ties and areas of training should have general profession-

al competencies: 

– Possess deep and solid professional knowledge, 

the application of which is necessary to solve practical 

problems. 

– Ability to constantly improve their knowledge, 

acquire new skills. 

– Possess the culture of written and oral speech, 

competently express their thoughts, be able to present 

their point of view with arguments. 

– Ability to cooperate responsibly with specialists 

and non-specialists in their own / related industry. 

– Ability to use the knowledge gained to distin-

guish between scientifically based and unsubstantiated 

claims in their field. 

– Ability for professional development, profes-

sional development and commitment to quality work. 

– Ability to navigate the most important aspects 

of the history of science and awareness of possible direc-

tions of development and the state of modern science. 

– Awareness of the literature of your industry. 

– Knowledge of environmental awareness. 

– Knowledge of communication in a foreign lan-

guage. 

– Possession of work skills in accordance with the 

requirements of the modern information space. 

It should be noted that the EU countries emphasize 

the importance of such competencies as lifelong learning 

and maintaining contact with the values of national culture 

and Europeanness [10, 11]. Analyzing the curricula, it can 

be seen that the modern education system is built in such a 

way that mathematicians and physicists have many common 

academic subjects, both professional and general. In order to 

find out the general and specific features of the activity of a 

physicist and a mathematician, let’s define their professional 

competencies (Fig. 1.). In the general case, the basic compe-

tencies of students should be laid down in the general edu-

cation system, and in the system of higher professional edu-

cation, it is professional competencies that should be 

formed. From the analysis of Fig. 1 it can be seen that a 

physics student studies nature from the point of view of 

science and modern technologies, is able to apply the 

knowledge gained in practice, observe, analyze, formulate 

hypotheses, conduct experiments, analyze results. A senior 

mathematician in the learning process could develop ab-

stract thinking and is able to use it in various fields of activi-

ty, is capable of modeling, analysis, systematization, etc. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Knows basic physical phenomena and fundamental physical concepts; 

laws and theories of classical and modern physics 

2. Recognizes the physical laws of natural phenomena, is able to 

theoretically interpret them for scientific purposes. 

3. Knows about the new achievements of modern physics and knows how to 

apply them as often as possible. 

4. Knows methods of theoretical, experimental physics, mathematical and 

computer processing of information. 

5. Knows modern research instruments and the basic principles of their 

work. 

6. Knows how to use laboratory and practical materials, tools and methods 

related to physics, with the help of which he can pursue his profession at a 

high level. 

7. Able to design, perform and evaluate experiments based on in-depth 

knowledge of the physical sciences. 

8. Able to design and operate industrial, information and measurement 

systems based on physical laws and high-tech processes. 

9. Thanks to regular professional self-education, he is able to process new 

scientific results of physics and creatively apply them in its work. 

10. Able to check the investigated processes and systems of his industry 

using methods adopted in the practice of physical sciences. 

11. Able to formulate scientific questions related to physics and related 

fields. 

1. Knows the methods of mathematical science at the system level and in 

their context in the field of analysis, algebra, number theory, geometry, 

discrete mathematics, probability theory (mathematical statistics) 

2. Possesses abstract mathematical thinking, mathematical conceptualization 

3. Possessing a high level of mathematical knowledge, it independently 

chooses methods for solving problems. 

4. Realizes the importance of mathematical thinking and accurate 

conceptualization, and formulates its opinion with this in mind. 

5. Knows the principles and methods of mathematical proofs. 

6. Able to apply abstract thought processes, methods and concepts acquired 

in mathematics in new areas of research and to achieve new scientific 

results. 

7. Able to create mathematical models of environmental phenomena, use the 

results of modern mathematics to explain and describe these phenomena. 

8. Able to record the connections observed in practical life at an abstract 

level. 

9. Realizes that the special vision it received while teaching mathematics 

can help in solving problems in an innovative way that arise in other fields 

of science. 

10. Capable of transforming data from various sources using information 

processes, use digital technologies in the educational process in the field of 

mathematics. 

Student competencies 

physicist  mathematician 

 
Fig. 1. Comparison of professional competencies of senior students of physical and mathematical specialties 
 

 

6. Conclusions 

1. In conclusion, it should be said that the analysis 

of scientific works on the formation of professional com-

petencies of students of physicists and mathematicians 

was carried out, taking into account the presence of in-

terdisciplinary connections, because the requirements for 
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specialists are constantly growing, the emergence of 

online technologies, the possibility of participation in 

foreign projects, the acceleration of the pace of life re-

quire a competent approach. 

2. General and specific characteristics of profes-

sional competencies of students of physics and mathe-

matics are revealed. 

3. The possibilities and expediency of creating 

physical and mathematical science are determined (on 

the basis of analysis). When optimizing educational 

processes, the goal of training will change, and the em-

ployment opportunities for university graduates will 

expand. But such specialists will have to possess the 

competencies of both specialties, and, as can be seen 

from the analysis of the results, there are significant 

differences among the competences of the above-

mentioned specialties.  

Rethinking the tasks and principles of activity in 

educational spaces on this issue leaves a number of 

methodological questions for itself.  
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