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PREFACE

Today the entire world is in constant search for up-to-date and democratic methods of
the organization of education system enabling the increase of its efficiency, reduction of
expenses, ensuring quick updating of the learning content pursuant to the requirements
of the labor market and general education requirements. Therefore, Ukraine's movement
towards the European educational space necessitates addressing a range of problems
related to the gradual reform of the national secondary and higher education and the
creation of high-quality education system that would meet international standards.
Under these conditions there also increases the importance of exploring theoretical and
practical experience of European countries that have reformed or are currently

reforming their systems of education.

Solving the problem of improving the quality of basic mathematical training of high
school and university students can be based on a coordinated implementation of
systematic, praxeological, person-oriented, competency-based, and semiotic
approaches. This requires the following: an in-depth analysis of the available data on the
status of mathematics education in Ukraine and the scientific and methodological
support of educational process in mathematics in high schools and universities; the
development of the concept and the appropriate models of the improvement of
mathematics preparation of students in terms of European integration and based on
European experience and the principles of sustainable development; creating a balanced
didactic support for mathematics education in high schools and universities, which
would be aimed at the formation and development of mathematical competencies,
intellectual skills, and productive thinking; the introduction of technologies of
praxeological and intensive computer-based training; improving the system of
methodical preparation of mathematics education students and mathematical sciences
university teachers; the development of the system of methods of instrumental and

statistical analysis of mathematical education.
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The research in these areas by its results may be relevant to several related industries,
as it may be the fundamental basis for improving not only the methods of teaching
mathematics in primary and specialized schools and in higher education, but also the
teaching methods of other natural and mathematical sciences (physics, chemistry,
biology, etc.). The results can be used as an empirical basis for further theoretical

generalizations in educational psychology, physiology and didactics of mathematics.

Equally important is the fact that improving the quality of mathematics education in
Ukraine in terms of European integration processes can and should be aimed at
fostering patriotism, a sense of pride in the country, and a relentless aspiration for self-
actualization with the idea of further contributing to the development of welfare of

Ukraine and each of its citizens.
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CHAPTER ONE

THEORETICAL FRAMEWORKS

1.1. Cognitive Performance of Students in Mathematics Learning: Philosophy and
Didactics

N. Tarasenkova

1. Introduction. The study of mathematics at school is of a paramount importance for
the formation and development of the learners’ personalities, shaping of their overall
cultural competence, in particular — the ability to convincingly and consistently reason,
compare and correlate, deduce consequences of a set of data, to perform simple
calculations, and so on. At the same time, mathematics was and still is one of the most
difficult subjects in the school curriculum. School curriculum includes the study of a
broader scope of mathematical content, far beyond the daily needs of the students. At
the same time the extracurricular life of a teenager is filled with more and more exciting
new flow of information not related to mathematics and its strict order. Experience
shows that motivating students to active and concerned assessment of the program
material in mathematics is becoming more and more challenging. Hence, the scientists
in the field of didactics of mathematics should address the concept of activity in the
students’ cognitive performance, find out its essence, and identify activity levels. This
will help build a new strategy and tactics of mathematical training. Another thing which
is to be mentioned is that in each classroom there are students with different levels of
training and different ability to learn (educatibility), conventionally they are called
quick, average and slow learners. In this regard, there are some reasonable questions: a)
Is there any relationship between the degree of students’ preparedness and the nature of
their performance? b) What is the dynamics of each group’s cognitive performance? c)
Can cognitive performance of each group ascend its highest level within the same
learning environment with the other groups? In this article, we do not claim to be
exhaustive when looking for the answers to these questions. Rather, the answers should
be considered as a pretext for launching a profound discussion in the press by the
specialists in didactics of mathematics.

2. Theoretical framework. Such fundamental postulates of epistemology as: the
material conditionality of knowledge and its social nature; the unity of dialectics, logic,
and epistemology; the unity of theory and practice; the thesis about the individual’s
cognition of the world being connected with the world-historical process of
development of knowledge (principle of historicism); and the activity of human
cognition as a specific form of the reflection of reality are fundamental to the
development of theories of teaching and education, and appropriate teaching systems' 2
34 (Hegel, 1929; Kremen' & Il'in, 2005; Russell, 1948; Sheptulin, 1967; etc.).

2.1. Reflection. Performance. Activity. Reflection as a general property and
attribute of matter lies in the ability of matter to develop certain internal states in
response to external stimuli, and to reproduce through these states the characteristics of
external influence. The process of reflection lies in restructuring and transforming the

'Hegel, Georg. (1929). The Science of Logic : translated by W. H. Johnston and L. G. Struthers. London: George
Allen & Unwin.

ZKremen', V. G., & I’in, V. V. (2005). Philosophy: thinkers, ideas and concepts. Textbook. Kyiv: Kniga.
(in Ukr.).

*Russell, B. (1948). Human Knowledge, Its Scope and Limits. London: George Allen & Unvin.

“Sheptulin, A. P. (1967). The system of dialectic categories. Moscow: Nauka. (in Rus.).
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internal characteristics of the object as to counteract and compensate outside influences
by replicating these influences. A product of reflection is a form of the rapport of the
object with its environment, ensuring a comparatively stable existence of the object in
new conditions reflected by this object.

The human mind and consciousness arising during a special type of interaction that
connects people with the world are the highest forms of reflection. This type of
interaction (rather — human impact on the world), which is called performance (activity)
(Leont’ev5 , 1975), on the one hand, is the main form of the active relation of man to
reality, on the other hand — it creates new, increasingly higher levels of activity.

Activity is among the characteristics of human performance and expresses the
capacity for self-development and self-motion through the effectuation of reality-
transforming creative actions. Goals and means of performance are not entirely
spontaneous. The source events are far removed in time and space, they originate from a
wide context of life, the essence of which is formed by inter-human relations. This is the
philosophical principle of performance (activities). Philosophy® (Kagan, 1974)
considers that, based on the activity principle, one can challenge the approach to
treating human beings as such who have to adapt to the environment; it is also possible
to properly evaluate the transformative and creative nature of human activity.

The diversity of the concept of human activity is determined by the fact that the very
generic essence of man finds its expression in the performance. Philosophy provides the
following characteristics of human performance: sociality, objectivity, appropriateness,
awareness, mediation, and productivity. The main components of human performance
are: the subject, the object and the activity itself, which results in a particular way of
mastering the object by the subject or in establishing the communicative interaction
with others by the subject. A particular individual, a social group or the society in
general can be the subjects of performance. A natural object, an object of culture, a
social institution, an ideal object, another person, and the subject itself can be the
objects of performance. In the latter case the subject and the object of performance
concur, there happens a kind of bifurcation of the subject of performance, which is
typical of self-cognition or self-transformation.

Based on fixing one of the three main components of performance, philosophy
distinguishes such basic human activities as transformative, cognitive, value-
orientational, and communicative as well as artistic activities which perform the role of
the organic synthesis of all four basic types. The philosophical analysis of cognitive
activity is of particular interest to us.

2.2. Cognitive performance. Philosophy views knowledge as a special activity of
reflection. In cognitive activity the object-directed performance of the subject does not
change it, but only reflects and makes replicas. Thus, cognitive performance i1s aimed at
developing an adequate image of reality. Proper consistent understanding of cognitive
(reflective) performance is possible only through the recognition of practical
transformational performance, but not the cognitive attitude to the world, to be the primary
one. The said above nature of cognition reveals the following aspects of its performance.

1. The process of cognition, even of the most abstract one, never fully breaks away
from the practical effect on real objects and their transformations in the course of
intellection.

2. Products of intellection (cognition, learning) direct and regulate the subject’s
practical activities, providing their focused character, in particular — by predicting the
results and selecting among them those that are required by the subject.

3. Cognition (intellection) itself acquires the performative character with all its
specific features.

SLeont'ev, A. N. (1975). Activity, Consciousness, and Personality. Moscow: Politizdat. (in Rus.).
Kagan, M. S. (1974). Human activities: Experience of System Analysis. Moscow: Politizdat. (in Rus.).

10
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4. Cognitive activity can and does act as a "substitute" of practical activity not only
for an individual but for the society in general. According to A. Leont'ev’ (1975), the
activity of cognition viewed in this aspect, is expressed in human ability to rely on a
broad social experience, universal practice, and to overcome the narrowness of a
person’s practical interaction with the world and the limitations of their experience. It is
through knowledge and the acquisition of the jointly produced means of activity that
practice becomes a part of the individual’s performance. The energy of cognition based
on the assimilation of the results of social practice is capable of overcoming the
inadequacy of the results of individual cognitive or practical actions and correcting them
in accordance with the principle of plausibility.

5. Since the rules and means of learning are of social nature and are absorbed by the
subject as something given and something that objectively exists, and the very need of
their acquisition is also of social nature, then the highest expression of the activity of
cognitive reflection is its social determination as opposed to external influences and
states of the animal organisms. The active nature of cognitive reflection is also related
with such its features as selectivity, future orientation (anticipatory reflection), the
presence of motoric components and a system of its own resources of energy, the
subordination of the cognitive performance to some certain previous plan, the mismatch
of the cognitive image with its source or, conversely, their complete adequacy. The
result, in the form of some kind of prior knowledge, may be given to the subject as
incomplete, probabilistic, and schematic knowledge that acquires its specification in the
course of cognitive activity.

From the position of general philosophical understanding of the nature and structure
of knowledge 8910 (Hegel, 1929; Kremen' & Il'in, 2005; Russell, 1948), the background
knowledge is accessible to a human through sensory perception — feelings, perceptions,
and representations. Rational cognition (thinking) is not limited to a simple summation
or mechanical transformation of these sensations. The results of intellectual activity do
not only provide new knowledge that is not directly contained in sensory data, but also
directly affect the structure and content of knowledge. Herewith, the empirical data
handled by scientific knowledge, are formed as a result of employing theoretical
propositions for describing the content of sensory experience and allow for some
theoretical idealization. Theoretical thinking envisages the ascent from the abstract to
the concrete. Along with this sensual experience is understood not as a passive
reflection and imprinting but as a moment of active practical, sensory and object-
focused activity.

In cognition, categories and laws of dialectics are the forms of reflection of objective
reality. Dialectics has it that in the objective reality everything is interconnected, that is
— if phenomena and their aspects being in their universal interaction interpenetrate and,
under certain conditions, merge, then the concepts through which a person learns the
world, should inevitably be together in a strictly defined logical relationship, they
should be flexible and this flexibility may result in the transition of some concepts into
others and to the identity of opposites'' (Sheptulin, 1967).

Thus, in managing education the cognitive performance of students should be based
on the principles of dialectic knowledge, considering all its laws and patterns.

2.3. Educational and cognitive activities. As it has already been mentioned,
cognitive activity represents one of the basic human activities, alongside with such as
transformative, evaluative and communicative ones. Its peculiarity lies in the fact that

"Leont'ev, A. N. (1975). Activity, Consciousness, and Personality. Moscow: Politizdat. (in Rus.).

$Hegel, Georg. (1929). The Science of Logic : translated by W. H. Johnston and L. G. Struthers. London: George
Allen & Unwin.

*Kremen', V. G., & ’in, V. V. (2005). Philosophy: thinkers, ideas and concepts. Textbook. Kyiv: Kniga (in Ukr.).

"YRussell, B. (1948). Human Knowledge, Its Scope and Limits. London: George Allen & Unvin.

Sheptulin, A. P. (1967). The system of dialectic categories. Moscow: Nauka. (in Rus.).

11
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the activity of the subject merely reflects (copies) the object to which it is applied, but
does not change it.

Learning is both — reflective and transformative activity, as it is aimed at
transforming the student's personal experience and their development by means of
cognition and self-cognition. Cognitive and transformative components of this activity
are inseparable and interdependent'? (Tarasenkova, 1991).

The transformative nature of learning is connected with the nature of the student’s
performance as the student is the subject of activity. The activity serves as the inner
regulator of educational and cognitive activity and is disclosed under self-progression,
self-regulation, and self-actualization of a student’s personality, that is, it is determined
by the domineering of internal conditions over the external ones.

2.4. Components of cognitive activity. The study of the structure of the activity has
been in the focus of close attention and research performed by psychologists and
educationalists. In this article, we do not pursue the aim of comparing different points
of view on the component composition of this phenomenon. We shall mention only the
most obvious of its components'® (Shamova, 1982).

Motivational component of cognitive performance reflects structural constituents of
an individual’s sphere of needs and motivations, among which the needs, interests,
motives, and goals of cognitive activity are the most prominent ones.

Content-operational component is associated with the direct implementation of
cognitive activity, its substantive basis, and the tools and methods of implementation.

Volitional component of cognitive performance is its attribute, as it reflects the
impossibility of learning without the student’s willpower, which has its own specific
features and is dependent on many factors, not only the subjective ones.

2.5. Treatment of the performance objectives. In teaching, the teaching of
mathematics including, the purpose of learning and cognitive activity is given to
students from outside through the curriculum and textbooks'* '> 16 17 18 192021 (Byyrda &
Tarasenkova, 2007; Burda & Tarasenkova, 2008; Burda & Tarasenkova, 2009; Burda &
Tarasenkova, 2010; Burda, Tarasenkova, Bogatyreva, Kolomiets, & Serdiuk 2013;
Tarasenkova, Bogatyreva, Bochko, Kolomiets, & Serdiuk, 2013; Tarasenkova,
Bogatyreva, Kolomiets, & Serdiuk, 2014; Tarasenkova, Bogatyreva, Kolomiets, &
Serdiuk, 2015; etc.). However, a student may accept or not accept this goal, take it as an
external necessity (emergency) or as an internally necessary (personally meaningful)
objective. In addition, this purpose as an image of the final product of the upcoming
activity may be attached both — situational and prospective significance. As a conscious
objective determines the character of human performance, the student's attitude towards
the performance objectives determines the implementation of each component of the

PTarasenkova, N. A. (1991). Activation of cognitive activity of students in a lecture and practical mathematics
learning in school (Doctoral dissertation). Kiev state pedagogical university, Kiev. (in Rus.).

BShamova, T. 1. (1982). Enhancing school teaching. Moscow: Pedagogika. (in Rus.).

“Burda, M. I, & Tarasenkova, N.A. (2007). Geometry. Textbook for the 7th grade of the secondary school.
Kyiv: Publishing House "Osvita". (in Ukr.).

“Burda, M. I, & Tarasenkova, N. A. (2008). Geometry. Textbook for the Sth grade of the secondary school.
Kyiv: Publishing House "Osvita". (in Ukr.).

"“Burda, M. I, & Tarasenkova, N. A. (2009). Geometry. Textbook for the 9th grade of the secondary school.
Kyiv: Publishing House "Osvita". (in Ukr.).

"Burda, M. 1, & Tarasenkova, N. A. (2010). Geometry. Textbook for the 10th grade of the secondary school.
Kyiv: Publishing House "Osvita". (in Ukr.).

¥Burda, M. 1, Tarasenkova, N. A., Bogatyreva, I. M., Kolomiets, O. M., & Serdiuk, Z. O. (2013). Geometry.
Textbook for the 11th grade of the secondary school. Kyiv: Publishing House "Osvita". (in Ukr.).

YTarasenkova, N. A, Bogatyreva, 1. M., Bochko, O. P., Kolomiets, O. M., & Serdiuk, Z. O. (2013). Mathematics:
textbook for the 5th form for the secondary schools. Kyiv: Publishing House "Osvita". (in Ukr.).

OTarasenkova, N. A., Bogatyreva, I. M., Kolomiets, O. M., & Serdiuk, Z. O. (2014). Mathematics: textbook for
the 6th form for the secondary schools. Kyiv: Publishing House "Osvita". (in Ukr.).

ZTarasenkova, N. A., Bogatyreva, I. M., Kolomiets, O. M., & Serdiuk, Z. O. (2015). Algebra: textbook for the
7th form for the secondary schools, Kyiv: Publishing House "Osvita". (in Ukr.).

12
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activities (motivational, meaningful, operational, and volitional) and of the performance
as a whole.

The attitude of schoolchildren to such school subject as mathematics is ambiguous
because of the subject’s specificity”? ** ** 2° 2° (Tarasenkova, 2013; Tarasenkova, 2014;
Tarasenkova, 2015; Tarasenkova, Bogatyreva, Bochko, Kolomiets, & Serdiuk, 2013;
Tarasenkova, Bogatyreva, Kolomiets, & Serdiuk, 2015). Understanding the general
developmental importance of this subject, most students accept principal objectives of
studying mathematics; at the same time, some of them may not accept any specific
objectives (for example, the task to explore different ways of solving quadratic
equations).

2.6. Motives of upcoming activities. In the process of realizing the goal of studying
the specific content of mathematics and evaluating the ways of their achieving, the
learners are having the motives for the upcoming activities formed. These motives
manifest the learners’ needs and interests (Bogoyavlenskaya, 1983). Considering the
data of psychological science about the nature of the motivation for studying and
learning, we shall group them in the following way”’ (Tarasenkova, 1991):

1) motives of duty — the goal is forced in its character, the product of activity is not
evaluated in terms of its significance for self-development;

2) motives of personal development — the goal is taken as being of inner necessity,
but the product of learning is evaluated only as situationally meaningful for the student,
it is regarded as a necessary means to meet the needs of self-assertion rather than the
needs for self-knowledge and self-development;

3) cognitive motives — the purpose of learning is of personal importance for the
learner, the product of the upcoming activities is evaluated as promisingly meaningful,
that is, as requisite for self-knowledge and self-development and important to such an
extent that there arises the necessity to save it for future active use.

2.7. Behavioral Activity. In teaching mathematics, if the goal of educational and
cognitive activity is not realized, and therefore is not accepted, or it is recognized but is
not accepted, we do not deal with learning as a purposeful process of transformation of
the student’s personal experience, but we have to do with the student's impulsive
behavior, aimed at "removing" the discomfort created by external and unacceptable
conditions for them.

In situation like this the student displays activity which can be manifested in
behavior which only bears resemblance to educational and cognitive activity, or it may
acquire the forms of antisocial behavior. In contrast to the teaching and learning
activity, this one can be qualified as behavioral”® (Tarasenkova, 1991).

2.8. Assessment of the achievability of goals. Acceptance or rejection of the goals by
the students is preceded by the assessment of the possibility of achieving it; this assessment

PTarasenkova, N. (2013). The quality of mathematical education in the context of Semiotics. American Journal
of Educational Research, 1(11), 464-471. http://doi: 10.12691/education-1-11-2.

BTarasenkova, N. (2014). Peculiar Features of Verbal Formulations in School Mathematics. Global Journal of
Human-Social science : G : Linguistics & Education, 14(3), 61-67. http://globaljournals.org/journals/human-social-
science/g-linguistics-education

HTarasenkova, N. (2015). Non-verbal Shells of the Instructional Mathematical Content. American Journal of
FEducational Research, 3(12B), 1-5. http://doi: 10.12691/education-3-12B-1.

BTarasenkova, N. A, Bogatyreva, I. M., Bochko, O. P., Kolomiets, O. M., & Serdiuk, Z. O. (2013). Conceptual
principles of development of text-books on mathematics for 5-6 classes. Science and education a new dimension, 2
(Marhc), 34-38. (in Ukr.). http://seanewdim.com/published-issues.html

%Tarasenkova, N. A., Bogatyreva, I. M., Kolomiets, O. M., & Serdiuk, Z. O. (2015). The structure and content of
teaching kits on algebra for the 7th Form. Science and education a new dimension, 3(50), 12-18. (in Ukr.).
http://seanewdim.com/published-issues.html

TTarasenkova, N. A. (1991). Activation of cognitive activity of students in a lecture and practical mathematics
learning in school (Doctoral dissertation). Kiev state pedagogical university, Kiev. (in Rus.).

BTarasenkova, N. A. (1991). Activation of cognitive activity of students in a lecture and practical mathematics
learning in school (Doctoral dissertation). Kiev state pedagogical university, Kiev. (in Rus.).
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is realized as if on two levels: the preliminary and the detailed ones® (Tarasenkova, 1991).
The preliminary assessment (estimation) of the achievability of goals is an unconscious
act. It rests on the instant comparison of, on the one hand, the student’s idea of the
necessary conditions for achieving the goal (this idea may supposedly be incomplete or
incorrect) and, on the other hand, their ideas of their own ability (this idea may possibly be
inadequate). The result of a preliminary assessment is the orientation (positive or negative),
which manifests itself in the student’s attitude to learning. Negative orientation is one of
the sources of the occurrence of the behavioral activity.

The detailed assessment of the achievability of the goals takes place while isolating
and understanding the necessary conditions and possible ways of its achieving, and
comparing them with the real or potential possibilities of the student. The
underestimation of the potential possibilities leads to the rejection of the goals and, as a
consequence, to the manifestations of behavioral activity.

Another source of such activity of the student may appear when the high school
student, having initially overestimated their capabilities, in the course of work on
mathematical instructional material, loses confidence in the attainability of the goal of
learning and abandons it.

2.9. Motivations and cognitive performance. If the student recognizes and accepts
the goals of learning mathematics as achievable, then their educational and cognitive
activity is stimulated by complex motivations, which include those represented above.
The domineering of the motives in this or that group generates a corresponding level of
cognitive performance® (Tarasenkova, 1991).

Thus, the motives of duty, being external to the purpose of the activity, bring forth
the stimulus-productive level of the students’ activity. These students are to be
constantly compelled to study math. The motives of personal success are also external
as related to the purpose of the activity, and also generate a stimulus-productive level of
activity. However, to meet the needs corresponding to these motives, the student makes
use of the tools of self-awareness and self-development, thereby consciously they
change their experience being guided by cognitive motives, though do not care about
the long-term preservation of these new formations for further use. In other words,
under the domineering of the motives of personal success, the student’s performance at
certain moments acquires the characteristic features of either heuristic or the stimulus-
productive activity. To adequately reflect the relationship between the term and the
essence of the activity stimulated by the motives of personal success, this level of
activity in the study of mathematics should be called a situational-heuristic one.

If the student’s activity, when studying mathematics, is stimulated by cognitive
motives, the student’s performance may manifest itself on a heuristic, as well as on the
highest, that is, creative, level. It should be borne in mind that the creative level of the
student’s activity when studying mathematics, differs greatly from the same level of the
researcher’s performance. A scientist chooses the object of study and research on their
own; they determine the goal of their performance. A high-school student obtains the
object of knowledge and cognition through the preassigned content of mathematical
education, thus having the goal of their activities set. However, the student may need to
deepen and broaden their understanding of the object being studied. This will cause the
necessity of complementing the goal set by new personal goals, which correspond to the
creative level of performance in the fullest sense of the meaning of the word “creative”.
To differentiate the activities and cognitive performance of the scientist and the student
at this level, the activity of the student should be called instructional-and-creative level

PTarasenkova, N. A. (1991). Activation of cognitive activity of students in a lecture and practical mathematics
learning in school (Doctoral dissertation). Kiev state pedagogical university, Kiev. (in Rus.).

OTarasenkova, N. A. (1991). Activation of cognitive activity of students in a lecture and practical mathematics
learning in school (Doctoral dissertation). Kiev state pedagogical university, Kiev. (in Rus.).
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of performance. This level of activity is connected with the educational and cognitive
goal setting.

2.10. Factors of difference between the activity levels. The essential difference
between the activities of the student on the heuristic and educational-creative levels of
activity is manifested in the attitude of the students to the contents of the product of
their learning activities *' (Tarasenkova, 1991). In the first case the content (its volume)
is treated as necessary and sufficient, in the second — as necessary, but not sufficient.

The essence of the difference between the stimulus-productive and situational-
heuristics levels of performance is expressed in the attitude to the quality of the product
of learning activities (the degree of its correspondence to the standard). This attitude
may be indifferent or non-indifferent.

The difference between situational-heuristics and heuristic levels of teaching
mathematics is manifested in the attitude of the student to the necessity to make a
product correction (to bring it to compliance with the standard). The attitude of the
student may be negative — as to the imposed act, or positive, as to a necessary act.

In the general form, the aggregated data are presented in Table 1.

Table 1. Activity levels

Manifestations
Level of Domineering -
activity motives The content gf Attltl}de to the Attitude to the
the produce is quality of the .
correction
assessed as produce
stlmulu.s- of duty necessar:y and indifferent negatlve, as to
productive sufficient the imposed act
s1tuat1.on.al- of personal necessary and non-indifferent negatlve, as to
heuristic success sufficient the imposed act
necessary and positive, as to
heuristic cognitive Y non-indifferent the
sufficient
necessary act
. educational- positive, as to
educational- . necessary but .
. cognitive . g non-indifferent the
creative . insufficient
goal setting necessary act

3. Results of observations. Analysis of the experience of mathematics teachers has
allowed of establishing the following®* (Tarasenkova, 1991):

1. The relationship between the degree of preparedness of pupils and the nature of
their activity is manifested only in the case if the teacher provides training on a strictly
defined level of difficulty.

2. The level of the difficulties of training offered by the teacher is mistakenly
interpreted as the focus, when choosing the content, forms and methods of work, on the
cognitive capabilities of the corresponding group and training all students at this level.

3. Direct relationship between students’ preparedness and activity is observed only
when the teacher focuses only on the abilities of smart students.

4. Most teachers tend to conduct training on "the highest level of difficulties". In this
case we observe the following:

S Tarasenkova, N. A. (1991). Activation of cognitive activity of students in a lecture and practical mathematics
learning in school (Doctoral dissertation). Kiev state pedagogical university, Kiev. (in Rus.).

PTarasenkova, N. A. (1991). Activation of cognitive activity of students in a lecture and practical mathematics
learning in school (Doctoral dissertation). Kiev state pedagogical university, Kiev. (in Rus.).
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a) representatives of different groups have different attitude to the planned minimal
results of studying the topic;

b) this attitude manifests itself in different ways depending at which point of the
learning process the planned minimal results are made known to the students; it can
have a significant impact on the increase in the activity of average students and minor
impact on quick and slow learners;

c) the accessibility of the instruction and the level of the comprehension of the
material after some additional instruction (if) have a dominant influence on the nature of
the activity of high school students;

d) there is the effect of "stunness" after the presentation of new material (especially
in large blocks) in the average and slow learners, which partly disappears in the average
students after working on the tasks of the mandatory level (if this kind of work takes
place) and does not disappear in the slow learners throughout studying the whole topic;
e) the use of differentiated array of tasks and individual assignments significantly
increases the activity of quick learners, moderately — of the average and slightly — of
the slow ones.

All this can be explained by the fact that the presentation of new material at the "high
level of complexity" indirectly forms the idea of the goals of studying the themes that
are much more complicated than the minimum and, therefore, are unattainable. At the
same time, if the minimal results are achieved, the students still retain a strong feeling
of discontent that inhibits rather than stimulates their activity.

Withal, if the teachers in their instructional performance use the method of
accessibility and openness of the learning objectives, this pattern is not observed. To
achieve this the goals of mastering the theme are differentiated considering the abilities
of each group of students; they are communicated in various ways to students; during
the presentation of the new material the content is clearly delineated given the goals;
each of the groups is informed of the work plan on the theme; the teacher sees to it that
each student should understand the new material and acquire the relevant skills. Such
training tactics allows teachers to maintain high activity of all learners throughout the
period of studying the topic. There are no facts of behavioral activity. All students
display concernment about the quality of their results and treat the correction as a
necessary act. All students independently and consciously choose the difficulty level of
learning, 1.e., recognize the elected amount of content as necessary and sufficient.

There have been cases when some students changed the chosen level. Thus, not only
average but also slow students moved to a higher level. This transition actually means
that the volume of the learning outcome was recognized by the students as sufficient,
and the learning goals and objectives were complemented by new ones which were put
forward by the students themselves.

4. Discussion. Learning is a poly-motivated process and the domineering of the
motives of this or that group is not absolute and is not constant, that is, at any stage of
the learning process there may take place the motivational reorientation, depending on
the attitude of the learner to the purpose of the activity at this very moment. Therefore,
the manifestation of activism at different levels is a dynamic process, i.e., the transition
from a lower to a higher level of activity and vice versa is possible, up to the
manifestation of behavioral activity.

Behavioral activity is a method used by a learner to protect themselves from unwanted
expenditure of internal resources. This activity is not a manifestation of cognitive perfor-
mance, therefore, a priori; it cannot lead to positive learning outcomes. In this regard, one
of the first requirements, the organization of the process of teaching mathematics should be
subordinated to, 1s connected with the necessity of creating such objective conditions that
would exclude the possibility of behavioral activity of the students.

16



Conceptual Framework for Improving the Mathematical Training of Young People  www.seanewdim.com

The second requirement to the organization of teaching mathematics reflects the
necessity to create the objective conditions that preclude the possibility of moving the
student's activity from a higher to a lower level and enable the serial transfer of the
student’s activity to its highest level.

Compliance with this requirement is nothing else but the procuring of the objective
prerequisites for the implementation of the principle of activism in learning. This
principle presupposes not only external (objective) conditions created by the teacher,
but also the internal (subjective) conditions specific to the student and demands the
prevalence of internal conditions over the external ones.

Due to the fact that the limited facilities of the teachers do not allow them only
through their own efforts to ensure this predominance, there arises the need of stating
one more requirement to the organization of teaching mathematics. Its essence lies in
the fact that the external conditions should provide an opportunity for students (after
some training) to set the goals on their own, to perform planning, to self-organize and to
self-control learning and cognitive activity.

5. Conclusions. Philosophy, psychology and math didactics is a scientific basis of
the activation of the cognitive performance of students in learning mathematics. The
philosophical understanding of the nature of cognitive performance is the basis for the
development of teaching theories and teaching practices. The psychological principles
of initiative, self-organization, development, teamwork, role-based participation,
accountability, psychological support, as well as didactic principles, among which the
principle of consciousness in learning and the principle of accessibility are of special
significance, they make up the psycho-pedagogical framework for the implementation
of the requirements to the arrangement of the learning process, which, in its turn,
provides the purposeful positive impact on the nature of activism in the students’
cognitive performance.

Theoretical analysis and observations allowed us to put forward the assumption that,
regardless of the level of preparedness, the activity of the students can be manifested at
the highest, educational and creative level, but only if the training takes place in the
zone of "proximal development", which is individual for each student.
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1.2. Educability, learning attainment, and competence of the students in the
context of mathematical education

O. Bochko

Specifics of teaching elementary mathematics require the consideration of such personal
characteristics of individual students as educability and learning attainment that
influence the formation of the students’ competence in elementary mathematics.

The term "educability" is widely used in psychological and pedagogical literature. In
particular, A. Markova, T. Matis, & A. Orlov' (1990) says that educability is defined as
a student’s ability to assimilate new knowledge and new ways of obtaining them, and
the readiness to move to new levels of mental development.

In the works of Z. Kalmykova® (1981) it is indicated that educability is a system of an
intelligent personality traits, basic qualities of mind that affect the quality of training
activities (plus the presence of the original minimum knowledge, positive motivation, etc.).

The main indicators should include training dynamics in the process of learning and
formation of the skills, ease of the assimilation (absence of tension, fatigue, and feeling
pleasure from obtaining knowledge), flexibility in the ability to switch to new methods
and techniques, long and strong refaining of the material learned. Z. Kalmykova® (1981)
considers brevity and tempo of thinking; a specific amount of the material that can be
processed; the results achieved; a self-phased process of solving specific problems; the
limited dose of help; the time spent on solving problems; the ability to self-training;
performance characteristics, and endurance to be the key features of educability.

Noteworthy are the educability characteristics highlighted by A. Markova, T. Matis,
& A. Orlov' (1990): orientating at new conditions; initiative in the choice of optional
tasks, self —help in doing more complex exercises.

D. Bogoyavlenska® (1983) notes that these figures may correlate with the concept of
intellectual initiative as a phenomenon of creative activity, persistence in achieving
goals and ability to work in a situation of obstacles, distractions; predisposition and
readiness to accept others' help, absence of resistance.

According to the characteristics described above by Z. Kalmykova® (1981), the
method of diagnostics of educability is based on the following conditions: diagnostics
should be comprehensive, based on synthetic (not analytical) way.

Researchers are indicates the following features of educability: development of new
concepts; making generalizations; flexibility of thinking; ability to solve problems in
different ways; retaining general concepts; generalized knowledge; intellectual activity.

The higher educability is the faster and easier the person acquires new knowledge,
the freer they operate in a relatively new environment, and the higher the rate of mental
development is. It is clear that learning success, not less than intelligence, also affects
such students’ characteristics as attention, memory, motives, and traits like these.
Educability is not necessarily an inherited quality; it may be the result of detailed,
expanded explanations of the material. Educability is manifested in a relatively
independent acquisition, opening new knowledge for themselves, the breadth of the
transfer of knowledge to new situations while solving unusual and new problems.

We can identify those qualities of mind that are formed in students, and determine
the level and specificity of educability. Here is a brief description of these qualities.

The depth of the mind can be detected through a number of significant signs that a
person can abstract while mastering new material, and the level of their generalization.

'Markova, A., Matis, T., Orlov, A. (1990). Forming learning motivation. Moscow: Prosvieshcheniie. (In Rus.).

2Kalmyk0va, Z. (1981). Productive thinking as education fundament. Moscow. (In Rus.).

*Bogoyavlenskaya, D. (1983). Intellectual activity as a problem of creativity. Monograph. Rostov-na-Donu:
Publishing house of Rostov University. (In Rus.).
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The opposite quality — the limitation of the mind, which is manifested in distinguishing
external, individual attributes by setting random connections between them.

Flexibility of the mind is traced in the variability of mental activity under changing
conditions, dealing with different situations and solving problems. A person who has a
flexible mindset easily switches from direct connections to the inverse, from operations
within one system to another if it is required by the task. It may abandon the usual
action to overcome the "barrier-setting prior experience" if an attempt to solve the
problem based on it did not lead to success, and look for another way of solving the
problem. /nertia of reasoning is the phenomenon under which the mental activity sticks
to patterns, displays gradual implementation of habitual thoughts, difficulty in the
transition from one action to another.

Firmness of mind. In order to successfully master new knowledge and to operate it,
the student should not only highlight the essential features required by the situation, but
keep in mind all of them and to act accordingly without exposing oneself to external and
random features, which can lead to an erroneous interpretation. The instability of mind
is manifested in finding it difficult to focus on the new features, be those new concepts
or content patterns, to transit from one system to another and to act being influenced by
random associations.

Independence (autonomy) of the mind is manifested in the active search for new
knowledge and ways of solving problems when a person seeks not only for the right but
also for the optimal solutions. /nherited mindset is observed in trying to copy the
already known methods of solution, avoiding intellectual strain, being blind to errors.

So we enumerated the main characteristics of the mind, which are the building bricks
of educability.

B. Krutetskyy® (1972) focuses on it that educability may differ from student to
student. For the students with higher educability levels fast paced learning, which is
associated with the ability to quickly summarize, high flexibility (mobility) of mental
process, etc. are typical. Students with lower educability show a slow pace of
assimilating knowledge, are uncapable of quick summarizing, the inertia of thinking is
one of their common features.

As first-year students have different learning attainments when starting mathematical
training, the acute problem is to prognosticate their educability and to didactically
consider learning strategies.

Specificity of the combination of characteristics pertaining to educability and
different levels of their manifestation form an individual picture (pattern) of educability
of students. In creating a so-called "passport of educability" the first steps should be
made towards the development of a student’s individual educational trajectory.

To define the specifics of educability of the students of the mathematical faculties of
universities we must take into account the specific learning content, including mastering
the features of the objects and the requirements to the learning outcomes.

Studying mathematical disciplines we refer to concepts and definitions, math facts
(axioms, theorems, and formulas), ways of working (algorithms, rules, heuristic
schemes, methods of proof of statements and ways of solving certain classes of
problems, etc.). N. Tarasenkova® (2002) points out that in the structure of the method
can distinguish the contents (epistemological) and operational (activity) components.

The content of the component method is a system of knowledge, which includes: 1)
the source of knowledge about the object and its properties; 2) the resulting knowledge,
that is the results of operations performed; 3) knowledge of the operating mode of
composition; 4) knowledge of subject-intellectual and practical tools, necessary to

*Krutetskiy, V. (1972). Essentials of pedagogical psychology. Moscow: Prosvieshcheniie. (In Rus.).
>Tarasenkowa, N. (2002). Using sign and symbolic means in teaching mathematics. Monograph. Cherkasy:
"Vidlunnya-Plyus". (In Ukr.).
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perform the activity; 5) reference system of selecting a particular way of many others.

The operating mode of the component is associated with the immediate
implementation of its action.

Mastering the semantic component of the method is characterized by such neoplasms
in their personal experience as knowledge and mastery of the operational components
being reflected in skills. In studying mathematical sciences students learn theory and
acquire practical skills. Among the latter, it is advisable to differentiate two groups —
general and special skills.

The study defined that the peculiarities of the mathematical faculties students’
educability affect specific content of training, including mastering features of objects
(concepts and their definitions, math facts, and styles) and the corresponding
requirements for learning outcomes, according to the three allocated educability types:
object (when unfamiliar objects and methods of transformation on other objects are
assimilated); procedural where familiar objects and methods of transformation get a
new slant; combined, when objects and their transformation, as well as transformation
methods are new to the student. Diagnostics of these types of educability is made
through special terms and related problems.

Educability of students is reflected in their learning attainments. The hierarchy is as
follows: mastering a particular object of assimilation; mastering a system of the objects
of assimilation; mastering academic subjects; acquisition of a thematic module; mastery
of the module course; successful mastery of the whole course.

These educational achievements are not stable; they can change over time,
particularly as a result of forgetting what has been learnt. In addition, they display a
certain didactic goal of the cycle: studying an individual object of learning, studying
several objects of learning, mastery of a theme, studying the semantic module, the
module of the course, and finishing the course of studies. Therefore, educational
achievements of the student should be considered through the situational characteristic
of the results of the studying process.

Educational results get fundamentally different when a student's knowledge is no
longer actively used, but some learned material remains in a state close to active and
these skills are restored quite quickly and easily. This system of knowledge is called
residual knowledge. The ability of the student not only to remember, but also to apply
this knowledge determines the learning attainment.

As 1. Zimniaya® (1997) claims, a learning attainment is the most professional
property of the individual graduate and it consists of professional knowledge areas,
skills and abilities relating to the minimum content of the educational program with the
following disciplines: general humanitarian and socio-economic disciplines, general
maths, natural sciences, all professional, special and specialization-related disciplines,
optional courses, electives, and internships.

Learning attainment includes the knowledge, skills and abilities acquired as a result
of studying some subject and becoming the so-called residual knowledge. Thus, the
structure of the subject of training can distinguish three components: knowledge, skills,
and techniques. Studies have shown that the concept of "Learning attainment" is closely
linked to the concept of "competence".

Such leading scientists as N. Bibik’ (2008), O. Ovcharuk® (2003), O. Pometun’
(2004), N. Tarasenkova, & V. Kirman'® (2008) and others disclose the nature of the
categories "competence" and "competency".

Szimniaya, I. (1997). Pedagogical psychology. Rostov-na-Donu: Phoenix. (In Rus.).

"Bibik, N. (2008). Competence in teaching. Encyclopedia of education (Academy of Pedagogy of Ukraine, Ed. by
Kremen', V. G.). Kyiv: Yurinkom Inter. (In Ukr.).

$Ovcharuk, O. (2003). Competencies as a Key to Educational Content Renewal. Reform Strategy for Education in
Ukraine: Education policy recommendations. Kyiv: KIS. (In Ukr.).
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According to O. Pometun'' (2004), human competence is organized in certain sets of
knowledge, skills, abilities, and attitudes, that enables a person to determine (identify)
and solve problems regardless of the situation. Thus, competence acts effectively and it
is the feature which is typical of education.

In Encyclopedia of Education'? (Kremen', V. (Ed.), 2008) it is stated that competence
in teaching (lat. competentia — a range of issues in which the person is well understood)
is also acquired by means of non-formal education, under the influence of the
environment etc.

In foreign sources learning attainment is often associated with such notions as
"ability to", "set of skills", "craft", "readiness", "knowledge in action", "capacity" etc. In
addition, competence in training is seen as an integrated result that involves a shift of
emphasis from saving regulatory knowledge, skills, and abilities to the development of
students' ability to act practically and apply the experience of successful activity in a
particular area.

Countries where the competence approach to education has been implemented for a
long time, there are common trends in the development of a system of competence in
education, at different levels and in different meanings of the phrase, as a certain
hierarchy of competencies in learning: key or base, these are based on cognitive
processes and are found in different contexts (they can be presented as an "umbrella"
over the whole learning process); common — these belong to a certain set of subjects or
educational fields; they have a high degree of generality and complexity; subject —these
are those that are acquired in the study of certain subjects.

The results of the working group of the Ukrainian scientists and practitioners
(Bibik, 2008; Ovcharuk, 2003; Pometun, 2004; and others) were the developed
theoretical and practical issues of the implementation of competence approach in
education in Ukraine. As a result there was suggested a list of key competencies in
teaching, learning (ability to learn), civil, general cultural, informational, social, and
health-care spheres which are detailed in a set of knowledge, skills, values, attitudes,
abilities in different educational segments and spheres of students’ life.

The notion of the students’ competence in elementary mathematics has been put into
practice, the contents and the structure of this competence have been explained, the
criteria and indicators of its formation for the students of classical mathematics faculties
has been developed. The methodology of determining the requirements to the level of
the results of the learning practicum on solving mathematical problems has been
developed; the contents have been structured; the methods and organizational forms of
training in the course of the practicum on solving of mathematical problems have been
selected and applied.

In accordance with the established competencies we distinguish the following types
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*Pometun, O. (2004). Implementation of competence approach — a promising trend of modern education. Bulletin
of school exchanges. Integrating competence approach — perspective direction of modern education. 22. Retrieved
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PBibik, N. (2008). Competence in teaching. Encyclopedia of education (Academy of Pedagogy of Ukraine, Ed.
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of competence: key (mastery of the target level of educational content); common
(mastery of certain subjects and educational fields); substantive (related to specific
content). The list of competencies is related to the respective competences.

The similarity of such categories as "learning" and "competence" is that firstly, each
of them is an integral factor characterizing a personality. Secondly, learning attainment
and competence have such common structural components as knowledge, skills, and
abilities. However, the term "learning attainment" is not identical to the concept of
"competence". If a student is competent it characterizes them as having personal
attitudes and performing specific activities of the subject.

Figure 1 shows our vision of the structure of competence in elementary mathematics
(CEM)'® (Volovyk (Bochko), 2010). CEM should be considered to be a set of integrated
personality traits based on knowledge, skills, abilities, personal attitudes, and one’s
practical experience in elementary mathematics and the students’ academic performance
in this field. CEM is characterized by the presence of extensive and comprehensive
knowledge of elementary math, proficiency in solving elementary mathematics
problems of different complexity levels, mathematical style of thinking, high level of
oral and written language in the subject area of elementary mathematics, mastery of
written and oral mathematical reasoning, mathematical modeling skills, abilities to use
mathematical instruments, efficiency in using information and communication
technologies for solving problems in elementary mathematics, techniques of integrating
the material from various sections of the elementary mathematics course (inner-
disciplinary relations) and establishing the connections between the topics from the
course material elementary mathematics and other fundamental mathematical
disciplines (interdisciplinary communication). CEM consists of four components:
praxeological, reflexive, and self-development. The criteria for forming each CEM
component are: knowledge in elementary mathematics; ability to apply theoretical
knowledge to solve elementary mathematics problems of different levels of complexity
and solve problems from other fundamental disciplines of the mathematical cycle;
capacity for reflection; positive motivation for self-improvement in the field of
elementary mathematics.

In general, CEM should be both — basic and effective characteristic feature of the
educational process at mathematical faculties of classical Universities.

1%Volovyk (Bochko), O. (2010). Methodological principles of organization and effectuation of practicum on
solving mathematical problems in classical universities. Thesis. Cherkasy: Bohdan Khmelnytsky National University
of Cherkasy. (In Ukr.).
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1.3. The Role of the Universities in the Development of the Mathematical Culture
of Society

M. Tretyak

The main objective of the modern higher educational institutions is the training of highly
skilled and competent specialists. National doctrine of the development of Ukrainian
education maintains that fundamentalization, informatization, computerization, democracy,
humanism, and openness are the main ways of such objectives achievement. The
development of fundamental sciences is unavoidably connected with their mathematization
and, therefore, the mathematization of fundamental education as a whole. Under such
conditions high level of mathematical culture of a huge amount of experts and the society
in general is becoming an extremely necessary and important feature.

Even without the detailed analysis of the term "mathematical culture of society" it
should to be noted that the level of mathematical culture of society is determined by the
level of mathematical culture of the following communities: scientific and technical,
engineering, financial and economic, administrative, student etc. It seems reasonable
that the leading role in the formation and development of the mathematical culture of
the communities mentioned above is played by universities, chiefly — by classical and
pedagogical ones. In this role, universities are facing serious challenges. Such famous
thinkers as J. Ortega y Gasset' (2010) and M. C. Petrov? (2004) tried to apprehend such
challenges and to suggest the ways of approaching them. In quite a number of studies
the high purpose of the University as well as an ideal model of a modern University are
considered. At the same time, the ways of the embodiment of theoretical ideas are not
described clearly enough and are mostly declarative. Also, such modern famous
pedagogues and theorists of higher education as B.S. Gershynskyy’ (2002),
A. I. Kuzminskyy” (2011), V. O. Rybin’ (2012), focus on these problems. The studies of
the scholars mentioned above are characterized by practical orientation and detailed
development of the methodological approaches concerning practical implementation of
the main ideas.

The i1ssues connected with the formation of mathematical culture of students of different
specialties, are very topical. Over a long period of time these issues have been investigated
by a significant number of well-known scholars. Among them there are famous
mathematicians: V. L Arnold® (1997), B.V. Gnedenko’ (2006), A. M. Kolmogorov®
(1988), A. Poincare’ (1983), O. Ya. Khinchin'® (2013) et al. as well as pedagogues and
psychologists: E. O. Lodatko'' (2011), G. O. Mykhalin'? (2003), S. O. Rozanova'” (2003),
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ekonomiki. (In Rus.).
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$Kolmogorov, A. N. (1988). Mathematics — science and profession. (Ed. G. A. Galperin). M.: Nauka. Glavnaiya
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A. L. Kuzminskyy, N. A. Tarasenkova, & I. A. Akulenko'* (2009) et al.

A large majority of the mathematical and pedagogical personnel are mathematics
programs graduates of pedagogical and classical Universities. Respectively, hereafter
the level of mathematical training of pupils and students will mostly depend on them,
and their level of mathematical culture will advance the pupils' level of mathematical
culture. But the experience of the last few years demonstrates that the level of
mathematical culture of a significant number of the graduates of mathematical
departments is rather low and the trend to its deteriorating is observed. Thus we observe
a contradiction between the objectively required and highly demanded level of the
mathematical culture of the mathematics departments’ graduates and a real state of
affairs. Such contradiction specifies the topicality of the issue under consideration.

The aim of this paper is to present the author’s point of view as to the role of classical
and pedagogical Universities in the development of students' mathematical culture.

The idea of a University is one of the most powerful ideas of the European cultural
tradition. European culture is impossible without Universities which used to be and still
are the centers of saving, formation, and increase of scientific, educational and cultural
potential. The principle of universality (Latin: universitas, "a whole", "a corporation")
is laid in the basis of the idea of a University. The importance of this principle concerns
both a University as a scientific, educational and cultural institution and graduates that
are the subject and objective of the University activity. Classical and pedagogical
universities, accumulating knowledge and cultural gains of mankind, are directed at the
training of intellectual specialists who would have universal education, high
professional and universal culture. It seems reasonable that now, during the global
transformations and crises (the most dangerous crisis in modern culture is that of a
human being, which is connected with the loss not only of the possibility to comprehend
the values of good, truth, and beauty but of elementary self-awareness as well) the issue
concerning the future and prospects of classical and pedagogical universities becomes
very important, because it is the universities that define the level of educational and
cultural standards in the society.

For a long period of time tertiary education has been recognized mainly as the way to
reach some high social status and a diploma was an evidence of belonging to mid-class.
But the development of the society and the accessibility of higher education which took
place under the slogan "democratization of the access to higher education" in the 60s-70s
of the XXth century in Europe and in the 90s in the post-Soviet countries, generated the
increase of the number of students more than twofold in comparison to the Soviet period
and, at the same time, caused reasonable doubts concerning the status of tertiary education.

Confidence in higher education in Ukraine and respect to it mostly depends on the
prestige gained in the Soviet period. We can observe the process of the devaluation of
education because more than three hundreds of higher education institutions award
identical state standard diplomas. The society has lost value orientations and a lot of
people can't understand the essence of the notion “genuine higher education”. It should
be noted that the difference between the educational levels of the classical universities
graduates and other higher education institutions graduates has almost vanished.

During the last two decades both in Ukraine and in other countries we can observe
the overproduction of personnel, and as a result, they aren't demanded either in
manufacturing or in social institutions. The training in higher education institutions has

Mykhalin, G. O. (2003). Professional training of the mathematics teacher while teaching mathematics analysis.
Kyiv: RNNTs “DINIT”. (in Ukr.).

13Rozanova, S.A. (2003). Mathematical culture of technical university students. M.: FIZMATLIT. (In Rus.).
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University at Cherkasy. (in Ukr.).
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an intermediate character between "knowledge accumulation", "prevention unemp-
loyment", and an artificial prolongation of the beginning of an adult life. The mass
enrollment of the young people to the universities becomes less and less motivated and
it is equated with the possibility to taste the peculiar life — the life in the student
environment without obligations and responsibility.

Also, there are deeper reasons which are caused by the anxiety about the role of
classical and pedagogical universities. The reproduction of some culture and its
continuance always have a form of social inheritance, which means the transfer of the
socially significant experience from the older generations to the younger ones. In the
context of a separate individual, the process of social inheritance is a form of
socialization, which means the mastery of some external general social experience and
its transformation into the personal form of the existing culture. It should be noted that
the volume of modern culture is huge and it is continuously increasing. At the same
time the possibilities of an individual have some constraints and limits. An individual
has to acquire some cultural information peace by peace. This factor is important for the
explanation of the duration and heterogeneity of the socialization process. The greater
array of information requires longer and more difficult process of mastering. The
analysis of cultural traditions of a lot of civil societies shows that for more ancient
cultures the value of traditions is of greater importance, and a greater part of social
experience is passed in a non-formalized way'> (Petrov, 2004).

The peculiarity of the European tradition is the using of the formalized way for the
transfer of the social experience. Schools and Universities are the most important social
institutions involved into this process. In the 60s-70s of the XXth century, schools and
Universities shared the social experience of such volume and completeness that it was
enough to support the saving and development of the European culture. Later the
situation changed because the crucial increasing of the scientific and other knowledge
and their differentiation formed a unilateral and very narrow specialization which was
transformed into a "mutual isolation of disciplines".

Now it is widely known that no modern expert can account on a genuine interest to
their own professional domain from the experts focused on the other domains both at
the university and outside. It is a so-called "situation de passage ", when the experts
from different domains of the same educational institution during the informal
conversation can communicate in two different ways. In the first case serious scientific
problems can be chosen as a subject of the conversation, but the discourse is held rather
on a "low" level (by using the thesaurus of a secondary school); in the second case the
subject of the conversation doesn't concern the scientific problems ("weather talk"). So,
now we can't consider the university education to be a versatile one, and it means that
the universities are losing the leading role in saving and developing the European
cultural traditions. We can observe the "failure" in the system of the support of the
European type of culture because it is becoming the culture of narrow experts with
significant problems in professional mutual understanding. A lot of cultural experts,
philosophers, theoreticians, and practitioners of higher education demonstrate the
concern and anxiety about such situation.

As for mathematical literacy and mathematical culture the following ideas can be
formulated: 1) the volume of mathematical knowledge increases as rapidly as in the
other sciences, but separate parts of accumulated mathematical knowledge aren't
rejected for the reasons of being outdated and obsolete, which sometimes takes place in
other sciences (like the Caloric theory in physics). As a rule, we observe the
reconsidering and improving of knowledge; 2) "situation de passage" also happens, but
mathematicians, as a rule, can reach mutual understanding; 3) nonetheless the unity of
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mathematics is maintained. We observe a wider interpretation of the subject of
mathematics and its more diverse and precise methods; 4) the mentioned above unity of
mathematics is reached due to development of more higher levels of abstraction and the
creation of common elements (at first set theory, then category theory and so on), which
forms the