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ABSTRACT

The problem of qualitative changes in the training of a mathematics teacher of a secondary school in Russiais defined.
In the course of the experimental psychological research we have found three crucial periodsof professional devel opment of
students. Teachers should be treated at the formation of an integral system of professional -pedagogical activity: professional
knowledge, founding stage, technological structure of professional activity and shaping ateacher’s personality. Conception
of founding of school mathematical elements (knowledge, skills, abilities mathematical methods) presupposes devel opment
in the process of mathematical training of students. In the proposed didactic system of mathematical education of
prospective mathematics teachers a fundamental role is played by a pedagogical technology of visualmodel teaching of
mathematics and activity of students.
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1. Introduction

Despite numerous attempts to ater curricula and syllabus, introduction of a State educationa standard,
development of tendencies to democratise higher pedagogica educetion, no significant quaitative changes in
training of mathematics teachers in secondary school have been taking place in Russawithin the last ten years.

In the course of the experimenta psychologica research of teacher training and independent professiona
activity of mathematics teachers three crucia periods of their professona development have been defined. The
first period is connected with the end of the tyear at college; the second — with the end of the third and end of
the fourth year a college; the third one— the end of the first and beginning of the second year of the independent
work at school.

Variance, factor and cluster andysis of the obtained results proves that every criss is connected with
overcoming of corresponding contradiction. The first crisis is connected with contradictions between the form
and content of education at school and a college, the second crisis is evidence of contradiction between
fundamental and professionalmethodological training a college. The third one reflects contradictions between
professional preparedness for work at school and professiona requirements, which a teacher faces at school. All
this results in inadequate professond training of a teacher: formdity of knowledge, lack of soundness in
professond knowledge of skills and habits in the subject, poor knowledge of methodology and technology of
teaching, low cregtive activity and indgnificant interet to innovations in planning and organisng educationa
process a schoal.

It is necessary to give an adequate characterigtic to professiona formation, in other words, describe it as a
sysgematic, continuous process, which is determined by a complex of internal and externd factors and is being
relised on the basis of various psychologica mechanisms and pedagogicd technologies.

At present the problems under congderation are being approached in various ways.
The first way is to increase volume of mathematical and pedagogica courses at colleges. The authors of this
gpproach are probably of an opinion that the more fundamental and pedagogic theories and methods the student
are taught, the faster the system of their professiona-pedagogicd activity is being formed. But practica
experience proves that it is not ways the case.

The second way, which is more promising, admits that methodologicd training of students should be started
as early as possible — even in their first and second year. This training is to be based on various professond
trias and tests, till not grounded either on theory or experiment.

In our opinion, the pedagogical process of training mathematics teachers should be treeted at formation of an
integra system of prof essionalpedagogica activity. The firgt, professond, stage should be devoted to formation
of the subject knowledge and skills, amed at formation of the nearest specific generalisation of basic educationa
elements of school mathematics. The second stage, when knowledge of mathematics became fundamentd, they
acquire profound theoretical generdisation, which on the third, methodologicd stage is integrated into the
structure of professional activity as a means of redisation of the pedagogue' s teaching and educationa functions.
To ensure painless inclusion of the generalised knowledge they must be organised in away that best suits school
children Founding and visud moddling performs exactly this function of reorganisation of knowledge of a
certain subject according to aims and tasks of teaching activity.

2. Psychology of Mathematics

In the last decades, mathematics as a pedagogica problem has been under unprecedented pressure on the part
of society concerning the subject matter of teaching as well as teaching methodology. The problem is that the
depth of its formdization and following the inner structurd regularities contradict both the ontogenesis and
socidization of a single individud and needs of society in terms of providing for its visualization, modding and
reveding the socia status.



What is mathemeatics nowadays?

Mathematics as a science presents methodology and language of other subjects, as well as connections
between abgtract objects, which unsynonymoudy reflect practica redity. That's why mathematics occupies a
special place among the sciences.

Mathematics not only promotes new knowledge about nature and persondity, but dso finds a practica
simulus for development in gpplied sciences. Thus the development of the theory of locdly convex spacesin
functiond andysis was simulated by the physica problems of quantum eectrodynamics in finding generdized
solutions of equations in mathematica physics, the theory of unboundary operators in the Banach space — by
problems of quantum mechanics, tensor andysis — by the problems of mechanics of dastic media, the theory of
the function of many complex variables— by the problems of the quantum theory of the field etc.

Therefore consequences of the strenuous tendency of fundamenta mathematical knowledge are closdly
connected with intensive gpplication of mathematica methods in other sciences (including the humanities).
Some of them spontaneoudy influence vitd activities and socidization of a persondity in the modern world.

On the other hand, during the recent ten years some new areas have been developed in mathematics. These
areas have independent subjects and specific methods of research. Among them are: atificia intelligence and
the theory of mass service, the theory of random processes and functional andysis, the theory of games and
mathematica programming, algebraic geometry and set-theoretical topology etc.

The cardind means which promote new formations is modeling as a high form of the sgn-symboal activity
leading © new knowledge about nature and the technica process in production, about the laws of socid
development and the regularities of human thinking, perception and memory.

During the recent years we have seen reinforcement of the role of mathematics as a means of humanization
and socidization of persondity-oriented education in modern society as a necessary attribute of the educeational
paradigm of the 21st century persondity.

Conddering mathematics as a pedagogica problem, we face the problems of an adequate notion (ides),
distinguishing, formation, stable perception and reproduction of mathematical knowledge in al the 3 hypostases
of mathematics (Figure 1).
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How can we show in the process of teaching mathematics its role in the substantiation of space flights and
security of air transportation? How can we show that physicsis a powerful supporting component of vita human
activities, which come only to observation and experience without mathematica knowledge and that psychology
is only fortune-telling and subjectiviam without gatistic methods of experimentd data analys's and modeling of
mental processes? What is the best way to tell a pupil that A. Wiles proved Fermat’s Last Theoremin 1995, and
that trisection of an angle and squaring the circle are impossible with a ruler and a pair of compasses? How can



we deveop the pupils thinking operations (logic, andyss synthess, generdization, concrete definition,
andogy etc.) in the process of teaching mathematics (which objectively must be the most powerful of the
devel oping means which unfortunately can't be observed yet) more effectively?

The problem of an integra notion and adequate acquisition of mathematical knowledge under the conditions
of immediate perception, developing and making the dructures of a pupil more active is of paramount
importance in organizing didactic and cognitive processes.

3. Innovative Process of Knowledge Founding

We based our assumptions on the fact that concordance or optimisation of interaction of fundamental and
professona components in the generd structure of pedagogica education is a key moment in training of a
student at a teachers training college. It is obvious, that fundamentaisation of mathematica knowledge without
consdering it as a pedagogica am will hinder professond training of a teacher. At the same time it is beyond
doubt that a teacher is not in able to fulfil his professona functions successfully without a certain volume,
sructure and quaity of fundamenta knowledge. Thus, in a nutshell, the problem is to find means, forms and
ways to bring to concordance fundamental and professiond linesin the process of pedagogica education.

Founding is a process of creating conditions (psychologicd, pedagogica and methodol ogica-organisationa)
for actudisation of basc structura units, which reved their essence, integrity, relations between the subjects in
the direction of professonaismof knowledge and shaping ateacher’s persondlity.

Conception of founding of school mathematical dements (knowledge, skills, abilities mathematical
methods) presupposes development in the process of mathematical training of students in the following
components.

- determination of contents of basic schooling eement (knowledge, skills, ahilities mathematicad methods, idess,
dgorithms and procedures) level of organisation;

- determination of contents of levels and stages (professional, fundamenta and technol ogical) of basic schooling
element development at college;

- determination of founding technologies (diagnosable am-finding, visud modelling of globa sructure levels,
local capacity for moddling, control of students creative and cognitive activity, blocks of motivation of basic
schooling dements);

- determination of methodologica adequacy of basic school and college (founding) schooling eements on the
basis of modern methodologica concepts.

In order to redlise the principle of founding it is necessary to define the basis for helical diagram of the basic
knowledge, skills and experience of mathematica training of students at teachers training colleges moddling. If
founding of various school subjects is to be carried out layer by layer, then volume, content and structure of
mathematical training must undergo considerable changes in respect to practica redisation of theoretical
generdisation of school knowledge based on the principle of a“boomerang’. If the knowledge is being founded
in such a way, the teacher, who possesses knowledge of the subject, together with the student will master the
methodological sde of teaching. The school knowledge will act as a structureformation factor, making it
possible to sdlect theoretical knowledge from mathemaics of a higher leve, via which school knowledge has
been founded. The layer of founding provides perfection and extenson of practicd skills, projected by
gpproximate basis of learning activity. In the activity aspect of pedagogica process redisation of foundation
principle acquires a helica character, which corresponds to diaectical understanding of a system of knowledge
development.

Development of spirds of basc school subject dements via congtruction of ancestra generdisation and
technologicad comprehension of its specific manifestation render integrity and orientation to the projected
didactic system.



For example, this chain of founding can exist.

Figure 2
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The vaue of the present mode of founding (conception of derivative on the level of “data’ to its deep
theoretica generaisation on the level of “essentidity”) for training processes a college as well as prospective
professona activity for a math student is beyond doubt It seems such models will find their place in syllabuses
of mathematica andyss and individud technologies of teaching mathematics at school.

At the same time congruction of such a modd absorb in its unique and particular manifestation al man
features of theoretica knowledge about foundation process of basic educationa elements of maths at schoal.
Creation of systemgenetic block of spirds of founding makes it possble to define a stable nucleus of

educationd information content, which projects dements of gpproximate basis for educationd activity of
students.

4. Visual Methods of Teaching in Application to Mathematics

In teaching mathematics the teacher encounters the following problems:

— ahigh degree of abstraction in the perception d new materid;

— an information overload of sgn-symbolic forms;

— alimited period of time for active perception of new materid;

— week motivation in studies.

The first problem reaults in getting only forma knowledge, and its isolation from the essence of the basic
phenomena and theorems. The second makes it difficult to recognize the object of perception. The third
increases conflict in teaching. The fourth means that pupils' interest in studiesis decreasing.



Strange as it may seem, dl these problems can be solved when we pay specid attention to the first stage of
cognitive perception, immediate perception to be exact. An in-depth study of this stage of perception requires a
full undergtanding of neuro-physiologica aspects of thinking, apsychologica and pedagogicd andysis, aswdl
as persond experience and modeling.

The main purpose and result of this paper is the creeting of conception on visua modeing of mathematical
objects (in particular, complex and symbolic) and creating conditions for suitable perception.

It is essentid to know that perception has three stages.  stimulation, operation and understanding. Moreover,
the process of perception may be concerned with two forms of acting: smultaneous (as an entire view of the
essence of an object) and successive (as a sustained process perception is open not only on the level of
dimulation but on more higher levels andys's, choosing pattern, comparison, reaction formation).

According to our concept utilisation of visud methods in teaching of mathematics of a prospective teacher is
to be treated as a specia property of psychologica images of mathematical objects, the essence of which is
congdered in aintegra paradigm of perception of the basis of the following criterions:

- diagnosable am-finding of integrity of a mathematica object;

- adequate perception (learner’s comprehension of essence of the mathematical object in accordance with ams
of teaching);

- gtability of the perceptive image and presentation under conditions d direct perception;

- cognitive and creating activity on the bass of comfort, successful teaching.

The process of perception of the given materia presupposes dl the key qudlities of a mathematical object. It
is especidly important when informetion is of great volume. It is necessary to keep in mind such actions when
separate pieces of knowledge or an arranged set of knowledge are given. We can ded with proving theorems,
teaching some parts of mathematical andysis in its various logica correations, with a sngle lesson, a lecture
€tc.

As has dready been mentioned, according to A.N. Leontyev, when visud methods of teaching are used, it is
necessary to proceed from the psychological role, which they (methods of teaching) play in the perception of
new material. He chose two functions of visud methods of teaching:

— thefirgt isaimed a extending the sensible experience;
— the second is aimed at developing the essence of the processes or phenomena under study.

In connection with that, external teacher's actions are divided into bearing and structurd actions depending on
the orientation of the sengble or rational element of perception.

The externd bearing actions can be as follows.

— writing down formulas, tables, displaying modes, drawing up graphs, formulating theorems, using text-books
or manuals.

The structura external actions can be as follows:

— proving theorems, choosng the main theoretical notions and methods, redizing links between different
subjects.

Each externa structurd action is an arranged set of bearings for externa actions connected with each other
on equa terms.

Namdy, a classfication of teacher's externa actions makes it possble to choose the following visud
methods in teaching mathematics.

— operative visua methods of teaching (e.g. the use of computers, drawings, caculators, schemes, graphs etc.),

— gructurd visud methods of teaching (e.g. looking at the logicd andlyss of a theorem or a notion may require
awhole lecture)

— formdizing visud mehods of teaching,

— background visud methods of teaching (creating the necessary conditions for checking the figure from the
background by elements of this background).
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Deveoping these key qudities of the object of perception is the main point of visua teaching methods. That
is why when we ded with visuad methods of teaching we must not forget that the stage of immediate perception
follows the stage of choosing the key qudlities in the object of perception (i.e. the god). This "a priori" point of
view presupposes modeing the abject of perception by means of the neurc-physologica mechaniam of memory
and psychology of perception. Some attributes of visud teaching methods may be as follows.

— computer displays, logicd andyss of theorems, key theorems, key notions, data banks of problems and
investigation methods, bearing code tables, block-schemes for proving theorems, concrete background, a list of
topics or parts of mathematics.

Systematic redisation of al means of visudisation in the process of teaching mathematics is an important
factor of formation of integrd images of mathematical objects, which means that it consderably fecilitates
understanding of methematical knowledge and development of cognitive abilities and mathematica thinking.

A mathematics teacher’s activity in the process of teaching due to an abstract character and complexity of
mathematicad materia presupposes detailed concrete definition of utilised principles of teaching and ther
systemétic use. It leads to the necessity to work out a common interpretation of visudisation principles in
mathematics, developing techniques of a teacher’s activity in the process of visua teaching, detection of the
visudisation specifics in teaching of mathematics. All of this is based on postive experience of progressive
teachers and scientists.

We hope that results of present direction of research will be useful not only to university teaching staff , but to
secondary school teachers as well. These groups will be ableto rely on it asabasis of cregtive design of teaching
processes and samples of innovation methods in teaching mathematics.
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